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CAPEX initial capital expenditure

CCS Carbon Capture and Storage

CIP Competitiveness and Innovation

CO2 carbon dioxide

EEPR European Energy Programme for Recovery
EPS Emission Performance Standards

ETS Emission Trading System

EU European Union

EUR euro

GCcCslI Global CCS Institute

IEA International Energy Agency

NER 300 New Entrants Reserve

NPV Net Present Value

OPEX fixed and variable operational expenditure
R&D Research and Development

RES renewable energy sources

uUSD United States dollar




The report argues that we stand at the threshold of a transformation to a
global economy, an economy that will meet the social, economic and
political challenges which have been identified as the main threats to the
global order in the 21st century. One such change is that of demography,
as high population growth in the developing world co ntinues. Another
challenge is the climate change, which will affect countries and societies
all around the world. Both elements will make us re -think and re-establish
the way we produce and distribute energy and new solutions will have to
be found to ensure both sustainable development and greenhouse gas
emissions reduction.

As it is possible to imagine substantial CO2 emissions reduction without
nuclear energy, it is also impossible to do so without Carbon Capture and
Storage. Economic analysis shows that successful rollout of this
technology will require active support from governments and international
organizations. The success of CCS will not be defined by its reception from
the market, but rather through political will and government policies. In
the short term, the financing of CCS will also require government
intervention. We should not underestimate the costs of those decisions,
but we should not let the costs determine the direction of energy and
climate policy.

The aim of this report is to assist with the preparation of the Polish CCS
Strategy. In the first chapter, it analyses the current state of the Polish
energy market, its potential for development as well as a prognosis of the
future cost of CCS. The second chapter analyses three potential economic
scenarios of CCS implementation in Poland and in the third chapter, the
elements of the financial model for CCS (including private and public/EU
funds) have been enumerated and described.

In the context of greenhouse gas emissions reduction, CCStechnology is
extremely important in Poland where over 90 percent of electricity is
produced from coal. Moreover, it can help with achieving additional goals
important for Poland. For example, Poland could strengthen its position in




the EU by playing a more active role in developing low carbon
technologies, especially in the field of clean coal technologies as an EU
Energy and Climate Policy priority. It could also lead to Poland becoming a
global leader in CCS. But these goals can only be achieved only ifthere is
political will and a long term strategy for CCS development,
implementation and rollout in Poland i the Polish CCS Strategy.

This report is directed to politicians, economists, public administration
representatives, industry as well as non-governmental sector
representatives. It creates a basis for further discussion on CCS
implementation in Poland. Most of its recommendations can be
successfully used when preparing similar economic scenarios in other
European countries.




This report is the second in a series published as part of the project
"Carbon Capture and Storage as a preferred technology for mainstreaming

the clean use of coal in Polandd r un by d e in@CenEdJBrOP A

European Strategy. The subject of the first report! was the political and
legal frameworks for implementation of CCS in Poland. This (second)
report discusses issues relating to financing of CCS. The series will also
comprise two more reports giving a set of recommendations relating to

preparat i on ofCCBP&tirahegyo. This Strategy

following elements: a comprehensive analysis of the effects of
implementing technology, identification of places for storage of CO2, a
plan for construction of the infrastructure for transportation of CO2, the
creation of legal and institutional frameworks, building public acceptance,
coordination of research and development, cooperation with key
stakeholders (both domestic and foreign), and a plan for actions to be
taken in the internatio nal arena.

The r elowrtae effidiently implement CCS in Poland? Financial
frameworkd has been prepared based on
decisions concerning development of CCS technology, both on the EU and
the national level, will be made, among other things, on the basis of

analysis of investment and operational costs of future low carbon projects.

This report is intended to support that analysis.

Chapter one analyzes the problems and the costs related to upgrading
Pol andds ener d3sthe potentia and eosts olvimplementing

CCS. Chapter two contains an economic analysis of three potential
scenarios for implementation of CCS technology in Poland. The analysis
consisted of a comparison of various variations on investments on the

basis of the calculated Net Present Value. In chapter three the optimal

scenario for implementing CCS in Poland is presented, taking into account
the dates on which individual tasks will be performed, and the financing

model for CCS in Poland.

This report is directed towards politicians, economists, representatives of
public administration, NGOs, and business. It is intended to create a base

! A.HincHow to efficiently implement CCS in Poland? Political and legal frameworks
demosEUROP®&Centre for European Strategy, Warsaw 2010.
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for further discussion of implementation of CCS technology in Poland and
in Europe. Most of the recommendations made within it can be applied

successfully when creating similar economic scenarios in other EU Member
States.




We are on the verge of global economic transformation. This
transformation is to meet the social, economic and political challenges
identified as the main factors endangering the international order. One of

these is the consequences of demographic shifts, especiallythe high rate
of population growth in developing countries, resulting in increased energy
needs. The second is climate change, which is a threat to the safety of

communities all over the world. Both of these factors mean that methods

of generation and distribution of electricity will have to change to ensure

on one hand balanced economic develgppment and on the other a
reduction in greenhouse gas emissions into the atmosphere.

The European Union has taken a range of measures to bring about an
increase in the proportion of so-called green energy in its overall energy
balance, and consequently limitation of greenhouse gas emissions in
Europe. According to the European Environment Agency the energy sector
is responsible for 28% of greenhouse emissions, transport for 21%,

industry for 20%, and households and small and medium-sized business
for 17%.°Thi s is also why the EU6s eff
emissions in these four sectors. The European Commission estimates that
the main technologies allowing a major reduction in CQO, emissions into the
atmosphere will be: energy effectiveness, renewable energy, nuclear
energy and CCS®

The principal instruments intended to increase the level of use of those
technologies are as of the beginning of 2005 the Emission Trading System
I ETS and the so-called December 2008 Climate and Energy Packag.
Both constitute a huge challenge for most of the EU Member States. An
important aspect however is that both of these instruments help to

achieve a number of other goals - in addition to the so-called 20x20x20 i
and these goals are significant from the point of view of each of the EU
Member States. One of these is greater security of supply and less
dependence on outside energy sources. Another is implementation of the

goals set by the Lisbon Strategy and a new EU strategy called Europe2020.

% For more hformation seeWorld Energy Outlogknternational Energy Agend®ECD, 2009.
*For more information se&ttp://ec.europa.eu/environment!
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The global challenges as well as the political areas specified in the EU

forum mean that each of the Member States will have to plan the
transformation of its own energy sector using technologies that enable the

reduction of greenhouse gases while maintaining a stable level of

economic growth. In this context it will be necessary to introduce new

financial mechanisms to bring about the development of technologies that

are opti mal from a given countryds point
economic cost remains rational.

Poland is in a fortunate position to the extent that the need for
transformation of the global economy and obligations relating to reduction
of greenhouse gas emissions has come at the same time as the need to
upgrade Poland's energy sector. It has had 37% generation capacity for
20 to 30 years; 43% are power stations of o ver thirty years old, while only
8% are relatively new installations (5-10 years).* We are at a point of
having to choose the means i the technologies, mechanismsi that allow
the transformation of the Polish energy sector to generate more profits
than losses.

The Polish Energy Policyfor the period up to 2030 ° specifies six basic
areas for the Polish energy sector: improvement of energy efficiency,
better fuel and energy supply security, diversification of the electricity
production structure, development of the use of renewable energy,
development of competitive fuel and energy markets, and limiting the

energy sectords environment al i mpact . Bet
involves, among other things, rational and efficient management of
Pol andds coal deposits and continued wuse

the energy industry. The Energy Policy also provides for development of
upgraded technologies for preparation of coal for use by the energy
industry, and identification and increasing of the base of reserves for this
fossil fuel. The Policy also provides for funding of research and
development of technologies for use of coal to produce liquid and gaseous
fuels, counteracting the negative environmental impact of processes for
generating energy from coal and use of efficient and low -emission
technologies.

The CCS technoloy perfectly fits into the Polish Energy Policy. Additionally,
in the long-term perspective and in the current trends of the European

* ReportPolska 2030. Wyzwania Rozwojow®fand2030Development Challengesrupa

{GNI G§S3A0T ye OK Brith&Miris@ns Gtrate hNdATVISS NG riupd09.

t2fAGell 9ySNBSGedlyl t2falA R2 NR1dz Hnon ot 2flF yR:
Ministerstwo Gospodarki RP [Polish Minystor the Economy], 2009.

11



Energy and Climate Policy of the European Union, fulfilling the
assumptions of the Polish Energy Policy seems to be impossible without
CCS. Therefore, creation of the financial instruments for its
implementation guarantees providing long-term energy security of the
country.

12



Introduction

Implementation of CCS in Poland should be one of the most import ant
components of the Polish energy sector transformation. The report Polska

2030 identifies one of the main problems that lies ahead for the Polish
energy sector as being Ainstall atiion
use by businesses of their own sources, an increase in capital as a result

of privatization (on the stock market or sale to strategic investors) release

o f public funds (Polandds national funds

the profitability of businesses through price increases and passing the cost
onto consumers (in the economy and in households)". This chapter
analysis problems and costs of the Polish energy sector modernization as
well as potential and costs of CCS implementation including different
stages of its development and characterisation of its different parts:

capture, transport and storage.

1.1. Costs of the Polish energy sector transformation

Planning of investments in new (more efficient and at the same time with

less emissions) production capabilities must be combined with
implementation of climate policy i principally reduction of greenhouse gas
emi s si ons EnergyPPolicydan thedperiod up until 2030 provides for

gradual reduction of CO, emissions from approximately 332 million tons in
2006 to approximately 280 million tons in 2020. From 2020 onwards there

is to be a gradual rise in CO, emissions. The energy policy does not
envisage however broader use of clean coal technologies (apart from
demonstration projects) while energy and climate policy cohesion needs to
come about in the form of the gradual reduction of greenhouse gas
emissions in the medium and long term. Solutions should therefore be
considered which on the one hand will be beneficial to the energy sector
and on the other will make a contribution towards mitigating the adverse

effects of climate change.

The scale of emissions reduction that it is vital to achieve, combined with
Polandds other energy policy goal s,

13
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energy security, mean that clean coal technologies will be indispensable in

Poland. This will mainly be CCS technology, which today looks like the

most promising. In order to achieve optimal use of the potential of CCS
technology it wildl be ne&€€Ss8tyategyd.awTh
first element of that strategy should be preparation of an evaluation o f the

effects of implementation of CCS in Polandi an analysis of the costs and

ensuing benefits, and the devising of the best models for funding

innovative clean coal technologies.

1.2. CCS potential and costs

The cost curve prepared by McKinsey & Company for Poland reveals that

CCS technology has the potential to reduce CO, emissions in Poland by

15% by 2030, but only provided that the appropriate measures are

planned and initiated relatively early. From 2030 onwards CCS could help

to bring about a redu ction of 0.4 Gt of CQ, per year in Europe alone, while

on a global scale this figure could be as much as 3.5-4 Gt per year.” Also,

CCS has the potenti al to increase Europe
Europeods raw material s mor e wering/yi r onment
dependency on gas imports.

It is thought t h a't Europeds industry is very 1li§Kk
widespread use of CCS technologies on a commercial scale by 2030,

however this will require intensive development of technologies, solving of

the problem of storage, and creation of the appropriate business models.

The speed with which the technology is developed will affect emission

reduction levels directly. The appropriate number of demonstration

projects on a commercial scale will be vital in order to test and perfect the

CCS technologies known today and to minimize the risk connected with

storage in various geological structures in various parts of Europe.

The costs connected with development and implementation of CCS
technology can be divided into a number of phases:®

*hOSyl LRGSyOel vdz NBRdzl 02A Syaaz2ia 3ItTs6 OASLI | NYAL
the potential for greenhouse gas emissions In Poland In the period up until 2030]

McKinsey&Company, 2009.

" Carbon Capture&Storege. Assessing the econpiiicisinsg&Company, 2008

8 All of the costs given further in this chapter are based on the analysis carried out by

McKinsey&Companyf which the findings are presented in the rep@arbon Capture&Storege.

Assessing the economics
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1. The cost of CCS in earlier demonstration projects will generally
considered to be high T ranging from EUR 60-90 per ton of
captured and stored CGQ,. This is connected with the small scale of
those projects and with the high researc h and development costs of
the ventures.

2. The cost of construction of early full commercial scale CCS projects
is approximately EUR 3550 per ton. It is possible t hat the cost will
be even lower if the CCS technology is also developed quickly in
other parts of the world [so the costs arise in fundamentally
different ways depending on the continent?] or if there is a
breakthrough in technology leading to a significant drop in the cost
of capturing CQ.

3. In 2030, due to advancesin know-how and greater effectiveness of
the scale, the cost of CCS for new energy installations should fall to
EUR 30645 per ton of CO, and come to more or less the price of
emissions licenses at that time.

The costs of individual projects may vary in light of their specific character.
The cost of the three principal capture technologies (pre-combustion,
post-combustion and oxy-fuel) is similar at this point, however it should be
expected that the cost of retrofits and industrial installations will be higher
than newly constructed installations.

Due to the high cost of demonstration projects and relatively low initial
price of emissions licenses an economic gap will appear of EUR 0.51.1
billion for the project (according to current net value). This gap will have
to be filled thr ough funding using public money.

When compared with a fAnormal 0o power stat
need additional investments in four areas:
1. Installation of CO, capture mechanisms.
2. Additional power supply for the captur e processi the power station
will consume more energy.
3. Construction of a CO, transportation system.
4, CQO, storage.

All of the factors described above will require both commitment of
additional, initial investment capital and extra operational costs.

15



Although the majority of the tech nologies needed to introduce CCS are
ready to be used at the moment, there is not yet even one fully integrated
commercial scale CCS project. Capture technologies are based on
technologies that have been applied for many years in the chemical and
refinery industry, but integration of those technologies into energy
production is relatively new, and therefore requires a greater know -how
base. Transportation of CQO, via pipelines over long distances has been
practice in the United States for over 30 years i there are over 5000 km
of pipeline there for transportation of CQO, used for enhanced oil recovery.
The potential for development of CCS once the initial commercial phase has been
completed and the future cost of CCS installations will depend on a number of
factors, for instance the effect of development of know-how, the economy of the
scale, availability of places for storing CO, and the speed with which the
technologies spread around the world.

The total cost of the early commercial projects is estimated t o be EUR 35
50 per ton of stored CGO,, of which approximately EUR 30 will be the cost
of capture, approximately EUR 5 transportation and approximately EUR 10
permanent geological CG; storage.

The high cost of CO, capture is caused by the cost of purchasing
additional capture equipment, as well as limited power station efficiency
due to a greater level of energy consumption (for capture). Additional

capture equipment i such as for example a separation unit in oxy-fuel or a
cistern in post-combustion 7 will increase the initial capital expenditure
(CAPEX)as well as subsequent operating costs. The estimated total loss of
efficiency of the power station is around 10%, which means 40%

efficiency of a power station instead of 50% (thanks to advances in

technology new power stations will achieve 50% efficiency in 2030).
Additional CAPEX will be approximately EUR 1419 euro per ton of CO,,
(which is the amount of the costs related to CCS), fixed and variable
operational expenditure (OPEX is EUR 57, while the costs arising in
connection with additional fuel will be approximately EUR 2-6 per ton of

CO.

The cost per ton of captured and stored CO, will depend on the size of the
power station to which the CCS installation is connected. The lower the
capacity of the power station, the higher the cost of capture and

transportation of one ton of CGO,. It is estimated that the cost for a power

station of a capacity of 200 MW is EUR 70, for a power station of a
capacity of 300 MW 1 EUR 60, for a power station of a capacity of 400
MW i EURSS5, for a power station of a capacity of 500 MW EUR 50, and

16



for a power station of a capaciBEUR of 600
45). During the capture phase, the effect of the development of know-how

once the first 20-30 commercial projects have been implemented may

help to achieve a reduction of approximately 12% of CAPEXcosts and

limit loss of efficiency to 1%.

The costs of transportation by onshore pipeline come to approximately
EUR 4 per toni more than 95% that cost is CAPEX Transportation costs
can be reduced by increasing and expanding the transmission grid in
individual countries, as well as throughout the entire EU. Due to the fact
that firms around the world have a great deal of natural gas
transportation know-how i the effects of development of know-how
should not have a great impact on the price of CG, transportation.

It will be possible to lower the cost of CCS to EUR 30-45 per ton of CG; for
new power stations if there are 80 -120 power stations with CCS operating
in Europe by 2030. With respect to the global spread of technologies (500 -
550 projects by 2030) the cost could be lowered by a further EUR 5 per
ton of CQ,. The cost can be lowered further if there is a breakthrough in

technology in the most expensive part of the process i capture.

Initial estimates of the cost of implementation technology which are
presented in this chapter were calculated by the firm McKinsey for
potential power stations around Europe. In view of the unusual
characteristics of the energy sector in various countries, these calculations
will vary slightly. Chapter 1l describes the costs and benefits of
implementation of CCS technology in Poland.

17



Introductio n

Implementation of CCS in Poland involves two fundamental decisions: (1)
the time period for implementation, and (2) the source of funding for the
project. In this analysis there are three variations that correspond to the
first decision: active, moderate, and passive. The second decision however
involves use of three different funding s
own funds, (b) subsidies from the Polish government (c) a combination of
(@) and (b) with EU subsidies This chapter goes on to explain the basic
assumptions of the basic scenario (section 2.1) and the results of
calculations of CCS costs in the variations of this scenario. Next an
analysis will be carried out to assess the susceptibility of this scenario to
changes in the key parameters: the percentage rate and prices of CO
emission licenses alternative scenarios have also been presented in which
changes in the results of the basic scenario resulting from alternative basic
assumptions regarding OPEX and CAPEX or share in the global CC®arket
have been analyzed At the end there is a summary of the analysis
findings and conclusions.

2.1. A ssumptions of the basic scenario

In order to analyze the level of return on implementation of CCS, a basic
scenario has beenconstructed of which the purpose is to present the most
likely variation of implementation of CCS technology in future, seen from
today's perspective. Its main assumptions are presented below (Table 1).

18



TABLE 1. Key assumptions for variations on the basic

scenario

Assumption : .

Full capacity of newly built power stations: 5 . GW
[ e st e e e — o — T
market risk : :
i rm———— v —— . — T

risk assumed by government

Active scenario: we build CCS with new power 5 %
stations in 2015, and gain a share in the global 5
royalty market:

Passive scenario 1: we wait with investments - 20% from

until 2020, and obtain a smaller share in the global : the active
KOt . Scenario .
R&D costs as a portion of revenue from royalties 40 %
Sorthe active variation
R&D costs as a portion of revenue from royalties 10 %

for the moderate variation

Source: the ISR's own paper on the basis of literature on the subject

The level of return on a venture has been looked at from the two

viewpoints described in the introduction: (1) Pol anddés i nvol vement
global process of research and implementation work, and (2) sources of

funding. Each of three basic sources of funding gives rise to a different

alternative cost of capital resulting from a different market valu ation of

Pol andds treasury bi |l nesPolishccorpomateibondgss i n t he
and firmso obtaining of equity capital. The following mean values have

been used for the entire period under analysis. a feasible weighted mean

cost of capital for a firm of 8%, the feasible cost of capital for the Polish

government i 3%, the feasible mean cost of capital for the EU i 2%.

In the analysis, power stations projects with CCS and without CCS have

been compared for three different discount r ates. The first is the firm's

discount rate, the second the government's, and the third a financial mix

i n which the EU finances R&D expenditures
capital expenditures between a project with and a project without CCS,

the Polish government subsidizes half of the difference in the operating

19



expenditures, while the firm covers any other costs. These values are
examples and are intended to reflect the idea of which entities could cover
what, rather than state the exact figures for a contribution of this kind.

The funding is structured in this way based on the basic assumption that
each entity funds the activities to which it is best suited. In any case R&D
projects should bring better results if they are coordinated on a
community level, where the work of the countries 1 the participants in
those projects T is not multiplied. The scope of the coordination of the

R&D work by the European Union should depend in the future on the
number of participants and the level of their involvement in research
activities. EU institutions would stimulate this development through a
grant system. As it is difficult to predict the scope of the benefits from

coordination of R&D at the community level, in the model the same
expenditures were assumed for Poland regardless of whether they would
be borne solely at the national level or whether they would be borne in full

at community level. These expenditures are 40% of revenue from sales of
CCS technologyroyalties for the active variation and 10% of revenue for
the moderate variation.

In cases in which limits are introduced for CQ, emission licensesforcing
EU Member States to make major structural changes and incur investment
expenditure, the costs arising in connection with those transformations
should be jointly covered by the EU budget. For this reason it is assumed
that it would share in capital expenditures.

On the national level meanwhile it is assumed that the government will
subsidize part of the ongoing operational costs (for example in the fo rm of
tax relief) in such a way that introduction of new regulations does not lead

to a loss of liquidity or insolvency of a power station.

In practice the scope of both government and EU subsidies and
assessment of changes t oiontwhl davepto bee r stati
based on actual data and the possibilities, if applicable, of improvement of

businesses' efficiency. This is not covered by the analysis.

A breakdown of the key assumptions for the basic scenario is shown in
Table 1. The basis for the comparison of the cost of installations with and
without CCS in this model is construction of new power stations of a total
capacity of 5 GW. This capacity corresponds to approximately 60% of the
new capacity obtained from coal and which is scheduled to be started up

20



in Poland in the years 2008-2015 and approximately 85% of the new
capacity in the years 2016-2030.° Also, if we take into account the value
of gross energy production in Poland, which was 157 TWh in 2005, the
fact that 90% of electricity is p roduced in Poland from coal'* and the
assumption that in Poland power stations operate for approximately 7500
hours per year, 5 GW would correspond to approximately 24% of the
production capacity existing in Poland.

The lifespan of those power stations is envisaged to be 40 years (standard
anticipated period of operation of a power station with CCS). Based on
these assumptions Poland could store approximately 13% of its current
CQO, emissions from the energy sector.

2.2. Variants of the basic scenario

Active scenario T Poland starts its R&D projects immediately and the
first CCS demo plants are ready by 2015. Thanks to this activities Poland
gains a significant share of the global CCS market.

Moderate scenario 1 Poland does not engage in the technology
development at an early stage, but waits until both the risks and costs will
fall down.

Passive scenario 1 Poland waits until 2030 with building its first CCS
installations and does not take part in the international works on
technology development.

In connection with the introduction of CCS installations the new power
station will incur higher capital and operating expenditures. These values
in comparison with a power station without CCS are given respectively in
Table 2 and Table 3. With respect to CAPEX it is worth noting the
expected rapid fall between 2015 and 2020. On the one hand it may seem
justified due to the envisaged intensive work on the new technology and

the rate of development of other sources of energy in the future. **> On the
other hand the argument might be raised that less progress should be
expected with respect to compressing and storing CO,, because the

° RaportPolska 2030pp.cit.

Y 3588aaYSyid 2F G(KS opgiti SydAalt F2N NBRdzOGA2Yy XZ
1 ReportPolska 20309p.cit.

2 Carbon Capture & Storage.d & S & apici. 3 X =
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technology has been used in various forms for a long time and that due to
the level of advancement the prospects for development are much less®
In view of this argument, in the alternative scenarios , higher costs, capital
outlays and operating expenditures after 2015 have been accounted for.

TABLE 2. Assumptions for capital outlays for the basic
scenario [million EUR]

Active Moderate Passive

Source: ISR’s own paper on the basis of data provided by McKinsey & Company

TABLE 3. Assumptions for operating expenditures for the
variations of the basic scenario [million EUR]

Power station with CCS

Total variable costs [EUR/GWh in thousands] . 22 23 24
Total fixed costs [EURIGW in thousands] ; 5000 ______ oo 40000
s
Total variable costs [EUR/GWh n thousande . ___________ . _________ .
Total fxed costs [EUR/GW n thousande] ; 0000 ______ o000 20000

Source: ISR’ own paper on the basis of data provided by McKinsey & Company

Construction of power stations with CCS gives rise to a drop in efficiency
of the installed capacities. During the analysis it was assumed, in
accordance with literature on the subject,** that this value is 10%, which
corresponds to approximately 30% of the relative loss in efficiency. The
drop in efficiency results in lower revenue from the sale of energy. For this
reason the price of electricity is an essential assumption EUR T 0.039
EUR/kWh. An increase in the price of energy will result in less return on
implementation of CCS.

Another important assumption is the assumption regarding reve nue from
the sale CCS technologyroyalties should Poland decide to participate in

3 The illusion of clean codlhe Economist, March 2009.

“Energy Technology Essentj@taudia Kemfert, Katja Schumach@imate Protection in the
German Electricity Market: Opportunities for Coal Technologies Through CO2 Capture and
Storage?International Energy Agenc2005.
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CCS development at anearly stage (whether under the active or moderate
variation). It has been assumed that the price of CCS technology royalties
in power stations will be 5% of CAPEX in the year in which the power
station is constructed, in accordance with the figures that can be found in
literature. *

2.3. The basic scenario T results

The net present value (NPV) of the projects in their various variations
within the basic scenario is given in Table 4. This presents the present
values for the various financing variations, including those in which the
government would subsidize the firm directly, when it is the only party
covering the cost of the investment, or when the Europe an Union would
subsidize the Polish government directly. In these cases the subsidies
would be set at 50% of the difference in the present value between the
CAPEX for the project with CCS and without CCS. Also, the table takes
into account co-funding of the project by all three entities, and gives a
detailed breakdown of the contribution made by each.

An analysis of Table 4 leads to two conclusions. The first is that the active
scenario has the least return from the economic point of view if we apply
the adopted conservative base assumptions. This means that in terms of
the investment NPV it is better to retain the option of launching the
investment and to wait until the investment outlays and operating
expenditures have decreased significantly. It is wo rth noting that although
in the passive and moderate variations the highest NPV of the project
relates to the case in which it is implemented by the firm, this does not at
all mean that this has the best return from the firm's point of view. The
business enterprise will not take measures that do not make financial
sense (represented in this analysis by the NP\), and that is why it is
essential to analyze those variations in which the discounted NPV for the
firm is positive. This is the case in the moderate and passive variations
only when part of the CCS project is funded by public entities: the Polish
government and the European Union.

The public authorities, taking on some of the investment and/or research
responsibilities that imply higher costs over the lifespan of the CCS
installation, makes it possible for the private sector to obtain a positive
return on the CCS installation even if (if the assumptions in the basic

153 Becker, J.LRoyalty rate and industry structursome croséndustry evidence2009.
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scenario apply) the project is unprofitable as a whole. Seen in this way,
the present value of losses for the Polish government and the EU can be
interpreted as the scope of vital subsidies that the public sector has to
grant the private sector in exchange for internalization of the publicly
useful but financially unprofitable external re sult being the reduction in
CO, emissions.

TABELA 4. NPV of the difference between projects
with and without CCS for the variations on the basic
scenario [million EUR]

Active Moderate Passive

NPV of a project implemented by a firm -10 615 -2310 -1134
independently : : :

NPV of a project implemented by a firm -12192 @ -3588 : -2211
with government subsidies, consisting of: : :

Portion covered by the firm . -4718 :  -202 -453
Portion covered by the government . -7475 : -3386 i -1759
(0.5 CAPEX) : : :
NPV of a project implemented - -11619 @ -3326  : -2927
by the government independently 5 5 5
NPV of a project implemented by the - -11993 © -3673 : -3306

government with EU subsidies, consisting of: -

Portion covered by the government . -4145

Portion covered by the EU (0.5 CAPEX) . -7848

NPV of a project co-funded by the firm, - -10471
government, and EU, consisting of: f :

Portion covered by the firm . -3213
Portion covered by the government L2132
Portion covered by the EU . -5126

Zrédto: obliczenia wiasne IBS.

In other words the second major conclusion is that the government and
EU subsidies could significantly increase the return on a CSS installation
from the point of view of energy firms and therefore make them more
inclined to take the risk. In our model, in the case of the moderate and
passive varidions, in which both the government and the EU jointly fund
the project, it is cost -effective for the firm.
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DIAGRAM 1. Breakdown of the basic scenario. NPV
of the difference between power station projects with
and without CCS with the firm’s percentage
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Active Moderate Passive
20 -
10 =
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210 =
20 =
Sale of CO, emission allowances
-30 = M Licenses sold to other power stations
mSale ofenergy  mCAPEX ~ OPEX
40 -

Source: IBS' own calculations

DIAGRAM 2. Breakdown of the basic scenario. NPV
of the difference between power station projects with
and without CCS with the government’s percentage
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Source: IBS' own calculations
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DIAGRAM 3. Breakdown of the basic scenario. NPV

of the difference between power station projects with
and without CCS combining the firm’s, government
and EU funding [billion EUR]

30 Active Moderate Passive
20 =

10 =

210 =

20

Sale of CO, emission allowances
=30 b=
MLicenses sold to other power stations

mSale of energy CAPEX OPEX

Source: IBS' own calculations

It shows at the same time that in the active va riation the co-funding of
the project by the firm, the government and the EU will result in the
highest NPV of the project. In this model this is due to the fact that when
R&D expenditure is funded by the EU the profits from royalties are
discounted using the lowest percentage rate and therefore their NPVis the
highest. In reality however the profits from coordinating an R&D program
at the EU level should lead to further improvement of the variation for co-
funding by all three entities when compared with t he other options,
although the extent to which that will happen cannot be evaluated today.

Diagrams 1-3 show that the main revenue in the case of installation of

CCScomes from there being no need to purchase CO, emissions licensesi

the price of the emissions licenses is therefore key for the return on CCS
technology. In terms of cost the highest expense is OPEX. The reduced
role of CAPEX [(ess than it would seem on the basis of the absolute figures

on their own) in these outlays is due to the fact that they are incurred
once, while OPEX accumulates over the 40 years for which the power
station is in operation.
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The relatively small impact of income from electricity sales should also be
noted. In the presented model the price of energy is not of princip al
importance for cost-effectiveness of CCS projects. The percentage of
sales of CCS technologyroyalties in other countries is also very small. This
is because these royalties are an element of capital expenditures, which,

as mentioned above, are incurred once and are relatively small when

compared to operational costs.

2.4. Analysis of susceptibility of the basic scenario to
the percentage rate

The percentage rate at which future cash flow is discounted plays a major
role in any valuation. The same is true of an analysis of the rate of return
of implementation of CCS technology in Poland. Bg§ Nd ! Ni e
odnal e¥i Tr - d g ashows the §RVof the difference between
projects with and without CCS for various percentage rates in the basic
scenario. Although the percentage rate may affect the NPV, it does not
affect the choice of the prevailing variation i at each level the passive
variation prevails. The active variation of the basic scenario is therefore
always the least cost-effective.

DIAGRAM 4. Effect of the percentage rate on the
return on CCS installations

Price of CO, emission allowances [EUR/ton]

_2_/'

Active Moderate — Passive

-10 b=

[billions of EUR in the NPV]
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Source: ISR’ own calculations

The diagram also gives a picture of the relative rate of return of the
moderate and passive varations. The susceptibility of the choice between
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