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Synopsis & conclusions:

This paper explores the (axiomatic) proposition that energy companies
operating in a market economy will not invest if by so doing they become
uncompetitive vis-a-vis their competitors. The paper is based on
modelling" carried out by the author which shows that a simple
combination of EU ETS together with a Differential Levy are necessary
and sufficient to create a real commercial incentive for energy companies
to invest securely in CO2 abatement/avoidance within the UK/EU
irrespective of the carbon market price (EUA).

Without the levy, the competitive position of abated power is entirely
dependent on the carbon market achieving a Minimum Investment Price
for EUA (MIPEUA) but in these conditions, the wholesale electricity price
must immediately rise by approximately 20% - 25%. In more realistic
market conditions, where the carbon price makes a rather slower rise
towards MIPUA , the proposed levy restores competitiveness for new
investment achieves stable albeit gradually increasing electricity prices
over time. Prices eventually reach the same level but respond to the
much more measured carbon abatement/ avoidance investment profile
rather than responding to the market price of EUA. The levy receipts for
the type of levy proposed here do not migrate out of the industry but are
recycled to support investment in abatement and could in fact be
administered by the industry itself rather than by government. The model
also exposes the effect of different investment rates in different classes of
generation for example CCGT v. Coal which shows that the EUETS alone
will not provide the necessary incentive to prompt investment irrespective
of the price of EUA on the carbon market.

The dilemma

The member countries of the EU are in danger of becoming locked into
a competition for the EUA's that each of them needs to have available
to cover its industries’ emissions whilst the market price of carbon

1 An interactive version of the model is mountedtiom
RCM Consulting site http://rcmconsultingltd.corand follow the links or
Click this link direct to the modeMARKET/LEVY MODEL .

(c.€14) has never reached a price that is even close to that
necessary to pay for alternative abatement/avoidance
investment (c.€60).

This dilemma can only be solved either by long term public
subsidy or by a fundamental change in the process.

Adoption of a Cap and Trade system (EU ETS in the EU) has
been accepted widely throughout the world and now
represents the world view on solving this issue but it is failing
in the most fundamental way. i.e. It does not provide the
investment incentive that it is designed to achieve. The
process requires an additional leaver to make it effective as a
mechanism to meet the overall objectives in a timely fashion.
The maintenance of a robust market condition requires two’
principles to be observed and without which, no significant
clean energy investment will take place:

Climate Change Imperative (CCI):
Acceptance that climate change concerns now
dictate that the emission of CO2 into the
atmosphere must be curtailed to the maximum
extent consistent with realistic technical (and
economic) capability, treaty obligations and
government(s) policy.

Energy Market Maxim (EMM): Any
policies, regulations, incentives or constraints that
are applied and which affect the cost of energy
production at any point in the transient investment
cycle must be such that an energy investment which
takes place after those policies and regulations have

2 Other important considerations such as securignefgy supply
and technology diversity must also be taken intmant and the
results of the work done here show that unlessifsgety
mandated will not occur.
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been applied can be capable of maintaining a competitive
position in the overall market.

In the last analysis, the Board of any investing private
enterprise company must see it as a viable investment.

As a demonstration, the UK electricity generation market has been
modelled and this clearly exposes the dilemma and demonstrates a
potential solution which is a Differential Levy. The Differential Levy
proposed here, imposes a fixed charge on all power produced (or
possibly within one class or sector) and re-distributes the entire receipts
in the form of grants to those in the sector/sub-sector from which it was
collected who have no emissions or who have abated their emissions.
(A full description of the model and the arguments for the necessary
change are posted on: www.rcmconsultingltd.com)

Conclusions:

Two instruments; Cap & Trade (CAP) and Differential Levy are both
necessary and sufficient, to meet both the Energy Market Maxim
(EMM) and the Climate Change Imperative (CCl). They provide for all
aspects of well regulated market health in step with societal aims.

When they are applied together they:
Change the philosophy of investment in abatement from control
and punishment to one of real incentive.
Render unnecessary other proposed instruments such as
Emission Performance Standards (EPS) and Renewables
Obligation (RO).
Provide for the lowest rate of increase in the wholesale cost of
electricity production for the economy consistent with properly
funded investment in abatement/avoidance technologies.
Remove the disincentive to investment emanating from the
uncertainties inherent in the behaviour of the EUA carbon market.
Remove the need for the carbon market to attain a high price for
carbon to incentivise early abatement investment. NOTE: In a
CAT/DL regime, the only effect of high carbon market prices is to
accelerate the price increase in wholesale electricity to a period
before actual investment in abatement would require that price
increase.
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Maintain the existing competitive positions of the energy
companies in the underlying electricity market other
than to offer across the board, a specific and targeted
market average incentive per unit of abated power
produced.

The implications of the levy

The levy imposes no additional cost in the wholesale
price of electricity.

The levy can be adjusted to provide for exactly the level
of % incentive seemed appropriate to spur investment.

There is no implication of state aid as the incentive
payments are funded directly from levy receipts. It is
self financing from within the industry. The only issue
might need to be resolved is its tax treatment.

The levy can be administered by the industry. There is
no need for government intervention other than perhaps
determining as a matter of national policy the
percentage market average incentive to be applied
under the levy, across the board to non-emitting power.
Reinvestment of the proceeds of EUA auctions is
beneficial. It does not solve the problem of the
investment incentive in circumstances of low and
volatile carbon (EUA) market prices It could be used as
part of the feed in tariff receipts for reducing and
eventually eliminating LEVY imposition.

Overall:

One self evident outcome from carbon abatement at the
current stage of technology is that there is an overall
cost to the electrical generation industry from investing
large amounts of capital and effort in CCS.

The increased costs which arise from investment in
CO2 abatement/avoidance have to be recouped. In the
final analysis this means that without continuing subsidy
from the public purse it has to be the electricity
consumer who pays through electricity pricing. The
model clearly shows that electricity price rises will either
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in line with the abatement/avoidance investment profile or in line
with EUA market prices. Whether this alliance is with one or other
depends upon the imposition or not of the Differential Levy (DL).
The model working under its current input parameters shows that
wholesale electricity prices will eventually rise by ¢.20% - 25% but
the rapidity with which that rise occurs can be mitigated by the
adoption of a levy policy.

Off-setting income stream:

However the rise in electricity prices arising from
abatement/avoidance investment cost would be significantly
ameliorated if an offsetting income stream could be developed.
This can be achieved by utilising the carbon captured in any CCS
project for enhanced oil recovery (EOR). EOR provides the only
external value added income stream available to the CCS
business. Simultaneously it contributes to energy security and
national income.
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Europe and particularly the North Sea contain many
billions of barrels of stranded oil. This is not stranded by
its remoteness from infrastructure or markets but by
current failure to grasp the technological opportunity of
engaging in a major tertiary (EOR) production campaign
with the soon to be available CO2 harvest from CCS
before it is too late and the oilfield infrastructure is
dismantled. The existing oilfield reservoirs make suitable
and perhaps ideal CO2 sequestration sites and all of the
component means and technologies exist now to embark
on this EOR endeavour. If not acted upon, it could
rapidly become seen as a major missed opportunity for
the EU/UK.
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A view on the operation of the carbon market and it

Introduction:

This paper considers only the electricity generation market. This
is a significant sector within the whole equation of CO2 emitting
industry and many of the insights and questions raised here can
apply to other sectors. So far, the scenarios explored by the
model have been restricted to the fossil fuel generation sub-
sector of the power generation sector on the basis that other
sub-sectors in the electricity generating industry already receive
special terms and incentives of one type or another which would
have to be taken into account and probably altered or dispensed
with. In due course, the scope of this analysis can be expanded
to include all sub-sectors.

Recent events suggest that the member countries of the EU
are in danger of becoming locked into a competition for the
EUA’s that each of them needs to have available to cover its
industries’ emissions. Meanwhile, the market price of carbon
(c.€14) has never reached a price that is even close to that
necessary to pay for alternative abatement/avoidance
investment (c.€60).

This dilemma can only be solved either by long term public
subsidy or by a fundamental change in the process.

Adoption of a Cap and Trade system (EU ETS in the EU) has
been accepted widely throughout the world and now
represents the world view on solving this issue but it is failing
in the most fundamental way. i.e. Its volatility and absolute
price does not provide the investment incentive that it is
designed to achieve. The process requires an additional leaver

s effect on CO2 abatement & electricity pricing

to make it effective as a mechanism to meet the overall
investment objectives in a timely fashion.

Energy companies like other enterprises in a private enterprise
market economy must be both willing and able to invest with
reasonable assurance that they will be able to compete
successfully to survive in the conditions of market change being
dictated by climate change concerns. It is shown here that with
the use of just two of the instruments currently available it is
possible to achieve a robust market condition at all points in the
relatively lengthy and expensive transient investment cycle
which is now necessary.

Market objectives:

The maintenance of a robust market condition requires two®
principles to be observed and without which, no significant clean
energy investment will take place:

Climate Change Imperative (CCI): Acceptance that
climate change concerns now dictate that the emission of
CO2 into the atmosphere must be curtailed to the maximum
extent consistent with realistic technical (and economic)
capability, treaty obligations and government(s) policy.

% Other important considerations such as securignefgy supply and
technology diversity must also be taken into actauma the results of the
work done here show that unless specifically masaiatill not occur.
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Energy Market Maxim (EMM): Any policies,
regulations, incentives or constraints that are applied and
which affect the cost of energy production at any point in
the transient investment cycle must be such that an energy
investment which takes place after those policies and
regulations have been applied can be capable of
maintaining a competitive position in the overall market.

In the last analysis, the Board of any investing private
enterprise company must be able to see the proposed
investment as viable according to its investment criteria.

Market response:

Two market instruments are necessary and sufficient to the task
of promoting strong investment whilst meeting these principles.
These are a Cap and Trade system and a Differential Levy.

Other measures such as the Renewables Obligation (RO) and
Emission Performance Standards (EPS) will add detailed
regulatory aspect to what can be achieved by normal market
mechanisms which are better suited to the stated aims of
incentivising investment in a private enterprise environment and
which better control un-necessary pre-emptive increases in the
wholesale price of electricity.

Cap and Trade ( CAT):

CAT is not a perfect mechanism and at present is displaying far
too much volatility for it to be on its own, a reliable spur to long
term investment decision making. Nevertheless it has been
adopted across the board as the preferred mechanism to meet
the CCI despite the fact that on its own it does not create a
stable market which honours the EMM. In the EU/UK, CAT is
carried out through the EU Emissions Trading System (EU ETS).

Dr Rex Gaisford CBE
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EU ETS

In its simplest form and ignoring some of the complexities of
modern market operations, EU ETS* is a market mechanism
which aims to eliminate CO2 emissions to a level that can be
tolerated by society.

Its aim is to provide the necessary and sufficient incentive to
encourage a fundamental change in society both in its use of
energy and its investment in non-emitting energy production.
Specifically it aims to reduce the emissions of CO2 to declared
proportions of previously measured levels by specific dates®.

To achieve this, EU ETS has invented a new currency, an
European Allowance Unit ( EUA) which permits a specified
amount of CO2 to be emitted to atmosphere. These EUA are
auctioned by European governments to potential emitters on a
decreasing profile over time. In the limit, this could reduce to a
point where legal emissions will be zero although this is unlikely
to be practically attained in the medium term. Throughout this
process EA will be traded on the carbon market.

During the currency of the EU ETS, the potential emitter of CO2
has a simple choice which is to purchase the appropriate
number of EUA to allow legal emission of his CO2 or to carry out
an investment program to avoid doing so°. In practice the
application of undiluted EU ETS to all emissions has not been
imposed and some unimpeded emissions have continued to take
place.

The ability of any emitter to make this choice and to honour the
CCl depends on the policies, regulations, incentives and
constraints being set to meet the EMM and critically for the price

4 For details seavww.ecx.eu/What-is-the-EU-ETS
®> Appendix |
6
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of EUA to be no lower that the alternative cost of new investment
at all times in the transient investment cycle . This gives rise to
the concept of a Minimum Incentive Price EUA (MIPEUA) but
clearly and rather unfortunately it has a different value within
each industrial sector and within each sub sector so that for
instance, MIPEUA is higher for coal powered generation than it
is for gas powered generation’. Thus, pricing of EUA is a
problem that cannot readily be solved within the context of the
EU ETS alone. On the one hand it needs to be high enough
(MIPEUA) and predictable enough (low volatility) to incentivise
investment whilst on the other hand it must obey normal market
behaviour as a traded commodity/currency. Furthermore, as
soon as EU ETS is applied universally to a sector and assuming
that the market is balanced to honour the EMM and exactly
achieve investment, then the wholesale price of electricity across
the board immediately increases by the percentage increase
implied by the total cost of CO2 abatement/avoidance
investment whether or not that investment has actually taken
place.

The operation of this market has been modelled®. This shows
that depending upon the exact input parameters used to
describe investment, operating costs and emissions and
assuming the EUA market is at MIPEUA, the increase in
wholesale electricity prices will be in the range 15 — 25%.

The price of electricity is a fundamental building block in the
economic equation for any economy so no national economy
wishes to see its energy price rise above the levels occurring in
competing economies. One way to achieve this could be to delay
the EUA price rise itself by flooding the EUA market with volume
in excess of demand. However, in driving down the EUA price in

" Current modelling shows a range of MIPEUA from €6465 across the
fossil fuel generating sector.

Dr Rex Gaisford CBE

/3@

this way, the incentive to invest is removed, EMM is not
achieved and the required investment does not take place.

To overcome this fundamental problem, another instrument is
required. This could be a detailed regulatory instrument with its
attendant bureaucracy such as the Renewables Obligation (RO)
or Emissions Performance Standards (EPS) but the desired
effect can be better achieved in a more natural and generally
applicable way by a Differential Levy (DL) which aims straight to
the nub of the matter by guaranteeing a specific economic
advantage for the power generated and which does not give rise
to emissions over that which does. This DL can be applied
across the board or by sector/sub-sector.

Differential Levy ( DL):

The differential levy which is proposed here, imposes a fixed
charge on all power produced (or possibly within one class or
sector) and re-distributes the entire receipts in the form of grants
to those in the sector/sub-sector from which it was collected who
have no emissions or who have abated their emissions. In
circumstances where the EUA market is slow to move towards
MIPEUA more has to be charged per unit of production (GWh) to
provide sufficient compensating incentive to continuing investors.
In this sense, it is differential. In the model, the competitive
advantage is measured against the average market price so
eventually a turning point is reached where so much of the
market supply is already abated that less levy has to be
transacted to achieve a competitive balance until in the limit,
there are no more emissions and therefore no more levy. The
advantage of this system is that it creates a guaranteed and
predictable competitive advantage for non-emitting generation
and it removes the necessity to go immediately to a high price
EUA to create the right conditions for investment decisions to be
taken and thus avoids a rapid increase in wholesale electricity
prices. An additional aspect is that in the long term, developing
technology will perhaps dramatically reduce the investment cost
of CO2 abatement/ avoidance. Therefore, if the rise in the
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wholesale cost of electricity was to follow actual investment
costs as it would do with the application of the DL, the continuing
investment would have a reducing impact on electricity price
over time. This would not be recognised by the pre-emptive
impact of EU ETS alone. (This additional advantage has not
been modelled as the potential level of cost reduction from
developing technology is too uncertain.)

In the modelling so far, the sector involved has been restricted to
the fossil fuel generation sub-sector on the basis that other sub-
sectors already receive special terms and incentives of one type
or another and the whole purpose of the policy under
consideration is purely to reduce or eliminate existing CO2
emissions. It could of course be extended to other sub-sectors
but that is outside the scope of this paper.

The model is capable of examining a very varied set of
conditions in the market and can measure the various outcomes
in terms of CAPEX, OPEX, competitive advantage, electricity
prices and it would be unrealistic to try to describe all of these
here. The results obtained from modelling a selection of different
scenarios clearly demonstrate the advantages of a combined
CAP/DL approach.

A selection of results is shown in Appendix Ill and a comparative
panel of results from these scenarios is presented below®’. More
detail can be obtained through access the model at:
http://rcmconsultingltd.com/electricitymodel.xls

° One scenario showing a complete suite of ressisgdwn in Appendix
v
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The Model:

In order to model this complex market it is necessary to take into
account a large number of variables. The model is based on
existing data sets e.g. Digest of UK Energy Statistics (DUKES) and
current industry views on cost and performance of abatement/
avoidance technology. The model takes a “typical” 800MW coal
plant with an up-time of 78% as its initial building block, applies
investment cost and performance estimates to the additional
abatement requirements and uses this to generate similar data for
other technologies such as CCGT. All of these estimates can be
perturbed to assess sensitivity. However, the aim here is to assess
the overall operating characteristics of the market. It is not the aim
to argue a precise outcome for MIPEUA.

The generation profile for electricity has been kept constant at
today’s level in the results displayed. This is because the future is
broadly unknown but the model can readily analyse any future
demand profile. What this means in practice is that new clean
power will need to be built to cover the net power loss from
conversion of existing plants. The modelling results displayed do
not take into account this new build prime generation plant but do
account for the carbon capture aspects associated with it.

Using these building blocks, the existing mix of generating capacity
has then been modelled against investment profiles for each type
of generation and the impact of various EUA market and DL
regimes is evaluated.

As noted above, the general conclusions arrived at regarding the
interaction of market forces is sound and is not sensitive to the
precision of the data’® although these data do impact on things
such as the calculated MIPEUA and precise predicted % rises in
electricity price. For instance the capital investments (CAPEX) and

9 This is fortunate because these data are oftewelbspecified at present
and will undoubtedly alter as time and experiermmrae into effect.

operating costs (OPEX) of the various technical/engineering
responses to this problem are still evolving. In any market
environment however the outcome in terms of cost of energy
produced has to be one which leaves each commercial
enterprise/power generator in an unbiased competitive market
vis-a-vis its competitors. Sensibly, this has to apply at all points
in the industry’s transient investment cycle occurring as a
result of the policy being applied.

In general however, the fundamental inferences to be drawn
are demonstrated in the following scenarios.
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Scenarios: starting position against which all other scenarios are

The number of distinct scenarios capable of being generated compared. It shows the position if the carbon price on the
from the model Is very great and too numerous to display EUA market instantly reaches MIPEUA, the point where there
individually. They can be examined in detail in the model itself. is exact parity in generating cost between unabated

generation being required to buy EUAs and the abated
generation suffering the impact of increased investment. In
SC-1  BASECASE COAL Defd/ Accceltd by: 0 & Allclas  ses matched the model and using the assumptions described, this carbon

| EUA IMMEDIATE > MKT / LEVY: NO price (MIPEUA) is around €61.The noticeable effect is that
absent a levy, the wholesale cost of electricity immediately
rises by >25% and remains at this level for the next 30 years
before the investment cost starts to be defrayed.

Symbol Data Units
------ COST - UN-ABATEL €/GWh
------ COST - ABATED €/GWh

Increase in wholesale electricity % (*1000)

LEVY €/GWh €/GWh
Competitive position fol
----- ABATED €/GWh

The precise numbers associated with this effect depend on
assumptions made with respect to CAPEX, OPEX, generating
efficiency, station up-time etc. but the figures in the model are
based on reasonable industry estimates .

A small selection of the many scenarios studied is shown on
the following pages where the only variables to change have
been restricted to: the speed of the carbon market (EUA) to

This plot shows some of the key output parameters set against a
time frame of 50 years from 2010. This BASE CASE is the basic

Dr Rex Gaisford CBE 0/30 30/09/2009
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reach MIPEUA and the application or not of a LEVY and the level The data used to define these ‘standard’ scenarios is shown

at which it is applied. graphically below.
EUA vs MIPEUA SCENARIOS TARGET ADVANTAGE ABATED vs UN-ABATED
120% 25.00 —o—1FLAT 0% €/MWh
100% f
0 % 20.00 + 2 ALWAYS 10% €/MWh
% 80% —&— 1 IMMEDIATE > MKT =
u . { % _‘g 15.00 45 —¥—3 ALWAYS 15% €/MWh
s 60% 1 2 PROTECT % @
o x* <) —+—4 15% REDUCING
= 40% \ —¥— 3 COMPROMISE % 2 10.00 —t — £/MWh
c c \
S 5 10% REDUCING
§ 20% —+—4 SLOW >> MKT % % 5.00 | AR eMWh
T 0% te—e—e—3 3 S5 5.8 5 e 5 FAST >>MKT % o 6 20% REDUCING
S5 6 OVERSHOOT % 0.00 - = E/mwh
20 P O P P '
v v v v v v S O & © & &
-40% U S R S
These lead to outcomes which are again shown graphically:
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CARBON PRICE (EUA) IMMEDIATELY AT MIPEUA

SC-1 BASE CASE COAL Def'd/ Acccel'td by: 0 & Al clas  ses matched SC-2 BASE CASE COAL Def'd/ Acccel'td by: 0 & All clas ~ ses matched BASE CASE COAL Def'd/ Acccel'td by: 0 & All clas ~ ses matched
/ EUAIMMEDIATE > MKT / LEVY: NO /EUA SLOW >> MKT / LEVY: NO / EUA OVERSHOOT / LEVY: NO

NO LEVY
APPLIED

SC-4 BASE CASE COAL Def'd/ Acccel'td by: 0 & All clas ~ ses matched SC-5 BASE CASE COAL Defd/ Accceltd by: 0 & All clas  ses matched SC-6 BASE CASE COAL Defd/ Accceltd by: 0 & All clas  ses matched
| EUA IMMEDIATE > MKT / LEVY: ALWAYS 10% | EUASLOW >> MKT / LEVY: ALWAYS 10% / EUA OVERSHOOT / LEVY: ALWAYS 10%

LEVY
APPLIED to
produce
10%
advantage
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CARBON PRICE (EUA) IMMEDIATELY AT MIPEUA

SC-7 BASE CASE COAL Defd/ Accceltd by: 0 & All clas  ses matched SC-8 BASE CASE COAL Defd/ Accceltd by: 0 &Allclas  ses matched SC-9 BASE CASE COAL Def'd/ Accceltd by: 0 & Allclas  ses matched
|/ EUA IMMEDIATE > MKT / LEVY: 15% REDUCING | EUA SLOW >> MKT / LEVY: 15% REDUCING / EUA OVERSHOOT / LEVY: 15% REDUCING

LEVY -
ABATED

ADV. 15%
reducing

The key outputs to compare across this suite of scenarios are: solve the problem of the investment incentive in circumstances of low
a) The competitive position of abated generation and and volatile carbon (EUA) market prices although if introduced it could
b) The rate of increase in the price of wholesale electricity. be used as part of the feed in tariff receipts for redistribution and

thereby reduce and possibly eventually eliminate LEVY imposition.
It is abundantly clear that the market cannot be attractive for electricity
generating investment without either a stable EUA price reaching
MIPEUA very rapidly and accompanied by a similarly rapid rise in the
wholesale electricity price to unnecessary high levels or by the
introduction of the LEVY which achieves both aims simultaneously.
The proposal to reinvestment of the proceeds of EUA auctions is also
a beneficial factor which has considerable support but it does not

Dr Rex Gaisford CBE 3/30 30/09/2009
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Differential investment rates:

However, another interesting effect arises from the relative level
of aggression in which each type or class of generation is subject
to abatement investment. The BASE CASE investment profile is
derived from knowledge of the government’s incentive program
for CCS and its aspirational announcements on carbon
abatement targets. The complete BASE CASE profile has
therefore been constructed from an interpretation of this
government program up to 2026 followed by a matching mirror
image tail-off until a maximum level of investment is achieved.
This maximum level of CO2 capture that can be achieved, must
allow for technology which is only capable of incomplete carbon
capture from ABATED power plants and for there is residual CO2
to be released. The model results described here are based on
an assumption of 90% capture and the investment profile derived
from this is shown opposite.

The basic profile is for “BASE COAL” and is expressed in terms
of percentages of the total investment. The other classes of
generation such as CCGT which are separately described in
DUKES can be ‘delayed’ by any chosen period of years. The
profile below depicts an arbitrary delay in abating GT generation
by 10 years when compared with coal. The effects of such a
delay that are then measured are important for the commercial
outcome. Whereas Scenarios 1 — 9 above assume matching
levels of investment for all classes, a 10 year delay in investment
in abatement for CCGT plants is incorporated in Scenarios 10 —
12 which are shown below.

© RCM Consulting Ltd €&
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MOIESUAL reducing

LEVY SUPPORTS ABATED ADVANTAGE 15%

LEVY SUPPORTS ABATED ADVANTAGE 10%

constant

SC-10  BASE CASE COAL Defd/ Accceltd by: 0 & GT 10yr s later SC-11  BASE CASE COAL Defid/ Accceltd by: 0 & GT 10yr s later

|EUAFAST >> MKT /LEVY: NO | EUAFAST >>MKT / LEVY: 15% REDUCING

SC-12  BASE CASE COAL Defd/ Accceltd by:0 &GT10yr slater
IEUAFAST >> MKT / LEVY: ALWAYS 10%

RCM Consulting Ltd - electricity price vs carbon price vs leve optimising model

RCM Consulting Ltd - electricity price vs carbon price vs leve optimising model

RCM Consulting Ltd - electricity price vs carbon price vs leve optimising model

Immediately it can be seen that the delay in abating CCGT in
circumstances where there is no LEVY leads to a significant
disadvantage to the abated (predominantly COAL) stations as the
emissions from GT stations are already lower than unabated coal
and the cost of purchasing EUA even at high prices is still highly
competitive with abated coal. The imposition of an emissions levy
immediately balances the competition in favour of abated stations
(Coal or GT) and encourages the GT stations to abate. The
degree of designed encouragement/incentive in these scenarios
is either a profile of 15% advantage for abated plants reducing to
5% (profile 4 above on page 8) or a constant 10% (profile 2
above on page 8). The outcome shows that that the precise level
of encouragement above 0% is relatively immaterial.

In both cases the maximum LEVY requirement occurs at mid
program, around 2035 and reaches a value of c.€9/MWh
For the 15% reducing advantage case (SC11 above):

% increase
o ABATED | gorig Sectiety
2010 0.00 €0.00 6.17
2015 16.60 €0.47 19.89
2020 10.20 €1.40 23.65
2025 10.05 €3.60 24.89
2030 5.05 €7.13 25.05
2040 5.04 €7.04 2459
2045 5.01 €3.11 2343
2050 16.30 €0.00 20.75
2055 51.04 €0.00 16.82
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Conclusions:

Two instruments; Cap & Trade (CAP) and Differential Levy

(DL) are both necessary and sufficient to meet both
the Energy Market Maxim (EMM) and the Climate
Change Imperative (CCI). They provide for all aspects
of well regulated market health in step with societal
aims.

When they are applied together they:

Change the philosophy of investment in abatement from
control and punishment to one of real incentive.

Render unnecessary other proposed instruments such as
Emission Performance Standards (EPS) and
Renewables Obligation (RO).

Provide for the lowest rate of increase in the wholesale
cost of electricity production for the economy
consistent with properly funded investment in
abatement/avoidance technologies.

Remove the disincentive to investment emanating from
the uncertainties inherent in the behaviour of the EUA
carbon market.

Remove the need for the carbon market to attain a high
price for carbon to incentivise early abatement
investment. NOTE: In a CAT/DL regime, the only
effect of high carbon market prices is to accelerate the
price increase in wholesale electricity to a period
before actual investment in abatement would require
that price increase.

Maintain the existing competitive positions of the energy
companies in the underlying electricity market other

Dr Rex Gaisford CBE
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than to offer across the board, a specific and targeted
market average incentive per unit of abated power
produced.

On its own:

The DL imposes no additional cost in the wholesale price
of electricity.

The DL can be adjusted to provide for exactly the level of
% incentive seemed appropriate to spur investment.
There is no implication of state aid as the incentive
payments are funded directly from levy receipts. It is
self financing from within the industry. The only issue

might need to be resolved is its tax treatment.

The DL can be administered by the industry. There is no
need for government intervention other than perhaps
determining as a matter of national policy the
percentage market average incentive to be applied
under the levy, across the board to non-emitting
power.

Reinvestment of the proceeds of EUA auctions is
beneficial. It does not solve the problem of the
investment incentive in circumstances of low and
volatile carbon (EUA) market prices It could be used as
part of the feed in tariff receipts for reducing and
eventually eliminating LEVY imposition.

30/09/2009
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Overall:

One self evident outcome from carbon abatement at the
current stage of technology is that there is an overall cost to
the electrical generation industry from investing large
amounts of capital and effort in CCS.

The increased costs which arise from investment in CO2
abatement/avoidance have to be recouped. In the final
analysis this means that without continuing subsidy from the
public purse it has to be the electricity consumer who pays
through electricity pricing. The model clearly shows that
electricity price rises will either in line with the
abatement/avoidance investment profile or in line with EUA
market prices. Whether this alliance is with one or other
depends upon the imposition or not of the Differential Levy
(DL). The model working under its current input parameters
shows that wholesale electricity prices will eventually rise by
€.20% - 25% but the rapidity with which that rise occurs
can be mitigated by the adoption of a levy policy.

Off-setting income stream:

However the rise in electricity prices arising from
abatement/avoidance investment cost would be
significantly ameliorated if an offsetting income
stream could be developed. This can be achieved
by utilising the carbon captured in any CCS project
for enhanced oil recovery (EOR)'. EOR provides
the only external value added income stream
available to the CCS business. Simultaneously it
contributes to energy security and national income.

Europe and particularly the North Sea contain many
billions of barrels of stranded oil. This is not
stranded by its remoteness from infrastructure or
markets but by current failure to grasp the
technological opportunity of engaging in a major
tertiary (EOR) production campaign with the soon to
be available CO2 harvest from CCS before it is too
late and the oilfield infrastructure is dismantled. The
existing oilfield reservoirs make suitable and
perhaps ideal CO2 sequestration sites and all of the
component means and technologies exist now to
embark on this EOR endeavour. If not acted upon, it
could rapidly become seen as a major missed
opportunity for the EU/UK.

™ carbon Capture Journal Aug 2009 — High Rate CO2 in  jection
into oil reservoirs for EOR & storage.
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APPENDIX | - European Allowance Unit (EUA) — Progre  ss to date

. . . . L 1]
Verified emissions have seen a net increase oedirt phase mmm Denmark 26,475,718 34,199,588 29,407,355 '11.1%
of the scheme. For the countries for which datvalable (all
27 member states minus Romania, Bulgaria and Malta)

emissions increased by 1.9% between 2005 and 2007. & sionia (12,621,817 112,109,278 15,329,931 | 21.5%
Verified emissions Change —
= Spain 183,626,981 179,711,225 186,495,894 '1.6%
Country
2005 2006 2007 | 2905~
2007 == Finland 33,099,625 44,621,411 42,541,327 28.5%
= AUstria 33,372,826 32,382,804 31,751,165 -4.9% B Brrance 131,263,787 126,979,048 126,634,806 -3.5%

i

IIBeIgium 55,363,223 54,775,314 52,795,318 |-4.6% Greece 71,267,736 69,965,145 72,717,006 |2.0%

Cyprus 5,078,877 5,259,273 5,396,164 6.2% === Hungary |26,161,627 25,845,891 26,835,478 2.6%
hCzech B Nireland 22,441,000 |21,705,328 21,246,117 |-5.3%
== 82,454,618 |83,624,953 87,834,758 |6.5% -
Republic

i Iltal)( 225,989,357 227,439,408 226,368,773 |0.2%

™= Germany 474,990,760 478,016,581 487,004,055 |2.5%
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I Lithuania

Luxembourg

= Latvia

Netherlands
=== Poland
Ex Portugal
—— Sweden

== Slovenia

Bl S|ovakia

6,603,869

2,603,349

2,854,481

80,351,288

203,149,562

36,425,915

19,381,623

8,720,548

25,231,767

242,513,099
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6,516,911

2,712,972

2,940,680

76,701,184

209,616,285

33,083,871

19,884,147

8,842,181

25,543,239

251,159,840

5,998,744 |-9.2%
2,567,231 |-1.4%
2,849,203 |-0.2%
79,874,658 |-0.6%
209,601,993 |3.2%
31,183,076 |-14.4%
15,348,209 |-20.8%
9,048,633 |3.8%
24,516,830 |-2.8%

256,581,160 |5.8%

9/30

Total

Figures are itonnesof CO2

2,012,043,45!2,033,636,55]2,049,927,88;

1.9%

Source: European Commission Press Release 23 M20

Consequently, observers and NGO's have accusezhabtjovernments
of abusing the system under industry pressurehawd urged for far
stricter caps in the second phase (2008-26812).

[edit] Phase Il

1st
period
Member State cap
= AUstria 33.0
| lBeIgium 62.08
h Czech
===l 97.6
Republic
e N 19

RCM Consulting Ltd G€&»

2005
verified
emissions

33.4

55.58 1

82.5

12.62

Proposed Cap

cap 2008- | allowed
2012 2008-2012
32.8 30.7
63.33 58.5
101.9 86.8
24.38 12.72
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l l France

=== Hungary

- Germany

i

=— Greece

B Nireland

H Nitay

= Latvia

I | ithuania

= LUXEMbour

B vaitat 1+

156.5

31.3

499

74.4

22.3

2231

4.6

12.3

3.4

29
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131.3

26.0

474

71.3

22.4

2225

2.9

6.6

2.6

1.98

132.8

30.7

482

75.5

22.6

209

7.7

16.6

3.95

2.96

132.8

26.9

453.1

69.1

21.15

195.8

3.3

8.8

2.7

2.1

[ |
=== Netherlands

= Poland

M S|ovakia

s== Slovenia

: Spain

= = Sweden

EE=E United
Kingdom

Totals

' RCM Consulting Ltd €&

95.3

239.1

30.5

8.8

174.4

22.9

245.3

2057.8

80.35 ft

203.1

25.2

8.7

182.9

19.3

242.4 11t

1910.66

90.4 85.8
284.6 208.5
41.3 30.9
8.3 8.3
152.7 152.3
25.2 22.8
246.2 246.2
2054.92 1859.27
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All quantities are in units of Million Metric Tonseof CQ

Source: EU press release I1P/07/459: "Emissionsnga@ommission adopts decision on
Austria's national allocation plan for 2008-2012/@/200%¢ updated with EU press
release IP/07/667: "Emissions trading: Commissiwpés decision on Italy's national
allocation plan for 2008-2012" (15 May 208%)

Additional installations and emissions includedhe second trading period are not
included in this table but are given in the sources

T Including installations opted out in 2005.

END OF APPENDIX |
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APPENDIX Il — The Carbon Market — Diagrammatic buil ~ d-up
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End of Appendix Il
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Appendix Il — Summary results from some of the sel  ected scenarios

BASE CASE COAL Def'd/ Acccelt dby: 0 & All classes matched BASE CASE COAL Defd/ Acccel't dby:0 & All classes matched
/ EUA IMMEDIATE > MKT / LEVY: NO / EUA IMMEDIATE > MKT / LEVY: ALWAYS 10%

CCGT | OTHER GT - CCGT | OTHERGT -

BASE CASE COAL Def'd/ Acccel'td by: 0 & Allclas  ses matched

BASE CASE COAL Def'd/ Acccel'td by: 0 & Allclas  ses matched
/ EUA IMMEDIATE > MKT / LEVY: NO

/ EUA IMMEDIATE > MKT / LEVY: ALWAYS 10%

0—0—0_0_0—0—0\
0\
0\

0\‘
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BASE CASE COAL Defd/ Acccelt dby:0 & All classes matched BASE CASE COAL Defd/ Acccelt dby:0 & All classes matched
/ EUA OVERSHOOT / LEVY: ALWAYS 10% / EUA OVERSHOOT / LEVY: 15% REDUCING

CCGT | OTHER GT - CCGT | OTHERGT -

BASE CASE COAL Def'd/ Acccel'td by: 0 & Allclas  ses matched BASE CASE COAL Def'd/ Acccel'td by: 0 & All clas  ses matched
/ EUA OVERSHOOT / LEVY: ALWAYS 10% / EUA OVERSHOOT / LEVY: 15% REDUCING

! " # % &



Ref#: SC-11

BASE CASE COAL Def'd/ Acccel't dby:0 & GT 10 yrs later
/ EUA FAST >> MKT / LEVY: 15% REDUCING

SC-11 BASE CASE COAL Def'd/ Acccel'td by: 0 & GT 10 yr s later
/ EUA FAST >> MKT / LEVY: 15% REDUCING

END OF APPENDIX 111
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Appendix IV — Example of Complete Results from SC# 5

BASE CASE COAL Def'd/ Acccel'td by: 0 & Allclas  ses profile

The other input variables governing the model outcome include

The rate of investment for each TYPE of plant (Coal, CCGT, ...etc.)
This is input from a standard profile which for coal, broadly follows
government policy but can be varied by a percentage dely

This is curre 0%  The other types of plant such as

CCGT can be slipped in relation to Coal by a number of years

and the results are shown on the GRAPH 1

EUA (Carbon) market price for each 5 yr period

Target Competitive advantage to apply to ABATED plant

These GRAPHS 1 - 3 and GRAPHS 4 & 5 also show a small
selection of results arising from the model. Much other detailed
information regarding investment patterns and relationships
between them is available from the model and can be found in-situ.

The model is set up on the RCM Consulting website at:
http://wwwrcmconsultingltd.com/electricitymodel.htm
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BASE CASE COAL Def'd/ Acccel'td by: 0 & All clas  ses profile BASE CASE COAL Def'd/ Acccel'td by: 0 & All clas  ses profile

—&—BASE COAL % PRIOR period) €émm
i CCS OPEX per yr €mm
—— 0N peryr

|€ 25,000
(after any deferment/
acen) %

oIL mm—TOTAL CCS Costlyr €mm

~#—DUAL % = ==COST of EUA'S @ 0%
DISCOUNTED MIPEUA €

—%—CCGT % mm

== ==€49.20 COST of EUA'S @

—8—OTHER GT % fnol:{églxs g ﬁﬁNTED

== ==€30.75 COST of EUA'S @
50 % DISCOUNTED
MIPEUA € mm

4= € 12.30 COST of EUA'S @
80 % DISCOUNTED
MIPEUA € mm

—#— CCS CAPITAL REPAY'T
per yr émm

2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

=== xtra Cost per MWh
for UK Fleet €MWh

O % increase in the THE EFFECT OF THE LEVY
wholesale price of
electricity %

=== Percent ABATED % —‘—gml? LEVY applied

=== TARGET COMPETITIVE
advantage ABATED

—#—RESULTING EUA

MARKET PRICE € O o increase in wsale price of
electricity

2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

|~ RESULTING COMP'tve
2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 POSn for ABATED
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BASE CASE COAL Def'd/ Acccel'td by: 0 & All clas  ses profile

2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

|===Levy raised per GWh from
whole UK fossilfleet €/GWh

|==0==UN- ABATED FLEET
EXTRA COST of POWER €
mm

| == ABATED FLEET
EXTRA COST of POWER €
mm

|—— Cost UN- ABATED UK Fleet
€/GWh

|—#&— Cost ABATED UK Fleet €
1GWh

[~=S==COMPETITIVE POSITION
for ABATED POWER
GWh

Dr Rex Gaisford CBE

BASE CASE COAL Def'd/ Acccel'td by: 0 & All clas

ses profile

2010 2015 2020

2025

2030 2035 2040

2045

2050 2055

2060

COST - UN-ABATED
COST - ABATED

Increase in wholesale electricity
LEVY €/GWh
Competitive position for ABATED

€/GWh
€/GWh
% (*1000)
€/GWh
€/GWh

END OF APPENDIX IV
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