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The 2™ International Conference on “Energy and Climate Change” was organized on 8-9
October 2009 in Athens under the auspices of the BSEC Azerbaijani Chairmanship.

The Conference is an annual activity of the PROMITHEAS net consisted of 25 academic
institutions from S.E. Europe, Black Sea, Caspian Sea and Central Asia.

It is addressed to the international scientific community while it puts emphasis on the
enhancement of cooperation among scientists from EU and the broad area of Black Sea.

A scientific committee, consisted of 20 distinguished professors from the twelve BSEC
countries reviewed the received 70 abstracts from 25 countries all over the world.

The Conference covered the thematic areas of Energy and Environmental — Climate
Change Policy. The papers presented during the Conference, covered the topics of
energy policy, conventional fuels (oil, gas, coal, lignite), electricity, renewables (solar,
wind, hydro, geothermal, biomass, tidal wave), biofuels, climate change, energy
efficiency and conservation.

The Conference concluded with a round table discussion concerning the follow up
activities in joint EU project proposals and measures aiming to further upgrade the quality
of the next Conference.

The proceedings of the Conference will be disseminated electronically through the
PROMITHEAS web site.

Finally, as coordinator of the PROMITHEAS net | would like to express my sincere
gratitude to all colleagues that contributed to the success of the Conference and to the
members of the Organizing Committee and especially to Dr. Popi Konidari for her
devoted contribution in the successful preparation of the Conference.

The PROMITHEAS net Coordinator

Prof. Dimitrios Mavrakis
Director of KEPA
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8 October 2009

Registration

Opening

Chair
Prof. Dimitrios MAVRAKIS, Director of KEPA, National and Kapodistrian University of
Athens, Hellas

Prof. Elmira RAMAZANOVA, Corresponded Member of the National Academy of
Science, Director of Science Research Institute of GPOGC, Deputy Chief of National
Oil Committee, Azerbaijan

Prof. Nikola KALOYANOV, Vice Rector of Technical University of Sofia, Bulgaria
Prof. Evgenij INSHEKOV, National Technical University of Kiev, Ukraine

Opening addresses

Prof. loannis KARAKOSTAS, Vice Rector, National and Kapodistrian University of
Athens, Hellas

Amb. Leonidas CHRYSANTHOPQULOS, Secretary General PERMIS - BSEC
Mr. Anar JANAHMADOVY, Counsellor, Embassy of Azerbaijan in Athens
Amb. Dimitrios TSOUGAS, Director, Hellenic Ministry of Foreign Affairs

Coffee break

1. Policies

Chair

Prof. Elmira RAMAZANOVA, Corresponded Member of the National Academy of
Science, Director of Science Research Institute of GPOGC, Deputy Chief of National
Oil Committee, Azerbaijan

Prof. loannis MAZIS, lonian University, Hellas

Prof. Haji MELIKOV, National Academy of Sciences, Azerbaijan

Speakers

“Energy Conservation Measures in the contexts of climate change mitigation policy in
Kazakhstan” by Lyubov Inyutina and Sergey Inyutin  (Turan - Astana University
University - Kazakhstan)
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“Energy and Climate Policy of Ukraine as Part of Concept of Sustainable Energy
Development”, by Prof. Arthur Prakhovnyk and Assoc.Prof. Evgenij Inshekov (ESEMI| —
Ukraine)

“Energy policy and environmental management in hotel industry” by Sofia-Natalia
Boemi (University of loannina — Hellas), Prof. Agis M. Papadopoulos (Aristotle
University of Thessaloniki — Hellas) and Giouli Mihalakakou {University of loannina —
Hellas)

“The role of the green quota and revenue recycling schemes in the climate change
options: a dynamic general equilibrium analysis for Austria”, by Dr. Todor Balabanov
and Dr. Srefan Schmelzer (Institut fuer Hoehere Studien -Austria)

“Effects of Carbon Tax on Greenhouse Gas Mitigation and Energy Security in a
Developing Country”, by Prof. Ram Shrestha {Asian Institute of Technology -
Thailand)

“Integrated Water Resource management as a part of the Climate change
adoptation strategies-the legal approach” by Vicky Karagiorgou {Panteion University
- Hellas)

“Least Cost Optimisation modelling of the 2020 energy and environmental targets in
EU27 — The PanEuropean TIMES model” by Dr George Giannakidis {Centre for
Renewable Energy Sources and Saving — Hellas)

“Implementing the G8 80% target with the macro-econometric E3MG model” by A. S.
Dagoumas (Hellenic Transmission System Operator S.A. {(HTSO) - Hellas) and T.5.
Barker University of Cambridge — UK)

“Premises for large-scale implementation of distributed generation in Romania” by
George Lavrov and Camelia Vasile (ISPE — Romania)

“Evoluating policy options for increasing the RES-E penetration in Hellas”, by Dr.
Harry D. Kambezidis (NOA — Hellas), Barbara Kasselouri (Open University — Hellas)
and Dr. Popi Konidari (KEPA — NKUA — Hellas)

“Using the AMS method to evoluate the policy framework for potential
CDM projects in the BSEC countries” by Dr. Popi Konidari {(KEPA — NKUA — Hellas)

RN Lunch Break

2. Energy

Chair

Prof. Konstantinos KARAGIANNOPOULOS, National Technical University of Athens,
Hellas

Prof. Ahad JANAHMADOV, Azerbaijan Engineering Academy, Azerbaijan
Prof. Evgenij INSHEKOV, National Technical University of Kiev, Ukraine

Speakers

“The introduction of new reagents, jobs, raising to efficiency, at production and
transportation of high paraffin oils” by E.E. Ramazanova, A.N. Zeynalov (GPOGC —
Azerbaijan)
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“Information — analytical system of complex diagnasing and estimation of risk for
good safety transportations of hydrocarbons of the main pipeline”, by A.T.Jamalov,
E.E.Ramazanova, O.A.Dyshin,|.A.Habibov {GPOGC — Azerbaijan)

"Assessing the impact of traffic regulations on the waiting queues of maritime straits;
the Bosporus example”, by Nikolaos KONTINAKIS (KEPA— Hellas)

“Quantifying the chance for releasing of a hazardous substance owing to accidents”,
by Argirov 1. P. (Institute for Nuclear Research and Nuclear Energy — Bulgaria)

“Problems of repair and renewal operations in oil and gas industry” by A.M.Pashayev,
ASh.Mehtiyev, 1.1.Asgarov, A.Kh.Janahmadov, N.G.Javadov (Azerbaijan Engineering
Academy)

“Energy and Environmental Impacts from an extensive use of VSDs in Uzbek Industry”
by Prof. Khashimov Aripdjan Adilovich (Tashkent State Technical University —
Uzbekistan) and Prof. Rampias loannis {Technological Educational Institute of Athens
— Hellas)

“Research on plant fibre-reinforced polymer composites” by Steve K. Ales and K.E.D.
Sumanasiri {PNG University of Technology - Papua New Guinea)

“"New composition of high inhibited drilling mud for use of unstable clay deposits”, by
Tatliyev Kh.S., Malikov Q., Rasulov S.R., Zeynalov N.E. (GPOGC — Azerbaijan)

9 October 2009

3. Electricity — Renewable Energy Sources
Chair

Prof. Evangelos DIALYNAS, National Technical University of Athens, Hellas

Prof. Miltiadis TYPAS, National and Kapodistrian University of Athens, Hellas
Prof. Nikitas NIKITAKOS, University of the Aegean, Hellas

Speakers

“Sustainable Energy Planning for Autonomous Power System of Crete”, by Emmanuel
Karapidakis, Mikos Zografakis and Emmanuel Thalassinakis (Technological
Educational Institute of Crete, Hellas)

“Biogas a secure and sustainable energy source: Obstacles and perspectives of biogas
projects in Hellos” by Sioulas Konstantinos (CRES — Hellas)

“Potential of floating wind turbines in Aegean Sea”, by Prof. Nikitas Nikitakos and Dr.
Theodoros Lilas (Aegean University — Hellas)

“Barriers on renewable energy sources in Hellas” by A.M. Papadopoulos, S.N. Boemi,
S. Kontogianni and A. Karagiannidis {Aristotle University of Thessaloniki - Hellas)
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“Solid state fermentation of sweet sorghum by Saccharomyces cerevisiae to
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bicethanol production” by Karamousantas, D., Th. Varzakas {Technological
Educational Institution of Kalamata — Hellas), D. Arapoglou, C. Israilides (Institute of
Technology of Agricultural Products — Hellas)

“Solar recharging stations: Selling hours of solar lighting” by Dr. Leon Gaillard (Lao
Institute for Renewable Energy — LAD PDR)

“The use of renewable energy sources in agricultural greenhouses and the
Technological Educational Institute of Kalamata’s greenhouse case study” by D.Ch.
Karamousantas (Technological Educational Institution of Kalamata — Hellas)

sEEES KR Coffee break
4. Climate change

Chair

Prof. Nikola KALOYANQV, Vice Rector of Technical University of Sofia, Bulgaria
Prof. Agis PAPADOPOULOS, Aristotle University of Thessaloniki, Hellas

Mr. Bolat MENSHIK, Vice Chairman of the Board, JSC “Science Fund”, Kazakhstan

Speakers

“Energy efficiency in Residential Buildings. The Comparison between Degree Day
Calculation and Simulations”, Teet-Andrus Kiv, Hendrik Voll, Allan Hani (Tallinn
University of Technology — Estonia)

“Molybdenum (Vi) determination in natural waters from polarographic catalytic
current of chlorate-ions and thiosemicarbazone 2,3-dihidroxybenzaldehyde” by
Ludmila Chiriac, Tatiana Cazac, M. Revenco and |. Povar {Moldova)

"A POD madel for the concentration field of gases instantaneously released in the
atmosphere”, by Anastasios ANTYPAS (OR Consultant — Hellas)

“Investigate via internet the consumer’s willingness to pay for the sake af the
environmental protection”, Stefanos Oikonomou, George Drosatos, Maria
Qikonomou (Democritus University of Thrace — Hellas)

“Estimation af mean maximum summer and mean minimum winter temperatures
over Hellas in 2070-2100 using statistical downscaling methods”, Anastasios
Skourkeas, Fotini Kolyva-Machera, Panagiotis Maheras (Aristotle University of
Thessaloniki-Hellas)

“A new type of the diagrams of distribution for evaluating the ion-molecular
buffering capacity of acidic natural waters in the equilibrium with the mineral phase
gibbsite” by lgor Povar and Vasile Rusu {Institute of Chemistry - Moldova)

“A new type of the diagrams of distribution for soluble and insoluble forms of
aluminium in natural heterogeneous aquatic systems” by |gor Povar and Vasile Rusu
(Institute of Chemistry - Moldova)

Lunch Break
“Use of two activated carbons for treatment of textile wastewater containing dyes

and surfactant contaminants” , by Nina Timbaliuc and T. Lupascu {Institute of
Chemistry - Moldova)
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“Investigate via internet the personal values of life and how determine the
consumer’s environmental behaviour”, by Stefanos Oikonomou, George Drosatos,
Maria Qikonomou (Democritus University of Thrace — Hellas)

“The influence af 4-Phenylthiosemicarbazide on cadmium ion determination in the
prut river waters by cathodic stripping voltametry” by Tatiana Cazac, Ludmila Chiriac,
M. Revenco and |. Povar (Institute of Chemistry - Moldova)

“Environmental evaluation of the hotels and renting rooms at Thasos [sland”, by
Stefanos Oikonomou, George Drosatos, Maria Oikonomou {Democritus University of
Thrace — Hellas)

“Sorption performance of activated carbons after oxidation and metal impregnation
treatments” by lon Dranca, Tudor Lupascu and Oleg Petuhov (Institute of Chemistry —
Moldova)

“National projections of GHG emissions by sources and their removal by sinks for the
years 2010, 2015 and 2020 by Anca Popescu and Anca Bardici {ISPE — Romania)

5. Round Table

Aim
The discussion aims to enhance the bonds of scientific cooperation among the
participants and their institutions in the frame of PROMITHEAS Network activities.

The procedure is open to all participants

Chair
Prof. Dimitrios MAVRAKIS, National and Kapodistrian University of Athens, Hellas

Panelists

Prof. Evangelos DIALYNAS, National Technical University of Athens, Hellas

Mr. Marcos Dos SANTOS, Director General of the Secretary of State for Energy Policy,
Timor Leste

Mrs. Tereza FOKIANOU, Flow Energy

Mr. Andreas GIANNAKOPOULOS, Maxima Energy S.A.

Prof. Ahad JANAHMADOV, Azerbaijan Engineering Academy, Azerbaijan
Prof. Nikola KALOYANOV, Technical University of Sofia, Bulgaria

Prof. Konstantinos KARAGIANNOPOULOS, National Technical University of Athens,
Hellas

Dr. Popi KONIDARI, National and Kapodistrian University of Athens, Hellas

Prof. loannis MAZIS, lonian University, Hellas

Prof. Haji MELIKOV, National Academy of Sciences, Azerbaijan

Mr. Bolat MENSHIK, Vice Chairman of the Board, JSC “Science Fund”, Kazakhstan
Prof. Nikitas NIKITAKOS, University of the Aegean, Hellas

Dr. lgor POVAR, Institute of Chemistry, Moldova

Proceedings of the 2" International Scientific Conference

on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece

11



Prof. Agis PAPADOPOULOS, Aristotle University of Thessaloniki, Hellas
Prof. Evgenij INSHEKOV, National Technical University of Kiev, Ukraine

Prof. ElImira RAMAZANOVA, Corresponded Member of the National Academy of
Science, GPOGC, Azerbaijan

Prof. Miltiadis TYPAS, National and Kapodistrian University of Athens, Hellas

(Day 1) Central Building - Neo Amphitheatro
30 El. Venizelou (Panepistimiou) Av., Cenire area
Athens

and

(Day 2) “Kostis Palamas™ Cultural Centre of NKUA
48 Akadimias and Sina str.
Athens

Energy Policy and Development Centre (KEPA)
National and Kapodistrian University of Athens
Panepistimiopalis, KEPA Building

157-84 Athens, Hellas

Tel.: (+30) 210-7275732, (+30) 210-7275809

Fax: (+30) 210-7275828

E-mail: epgseci@kepa.uoa.gr

Website: www.kepa.uoa.gr
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The role of the green quota and revenue recyclings  chemes in the
climate change options: A dynamic general equilibri um analysis for
Austria

Todor Balabanov® , Stefan Schmelzer @

@|nstitut fuer Hoehere Studien, Vienna

®) |nstitut fuer Hoehere Studien, Vienna

(8) schmelzer@ihs.ac.at, (b)balabano@ihs.ac.at
(b)
Abstract

By simulations with the dynamic equilibrium model TD-BU-E3 DGEM the long term impacts of two
alternative policy instruments for responses to climate change were assessed: green quota and double
dividend.Electricity demand growth was de-coupled from the economic growth. 3 economic sectors, 5
existing and three new vintage electricity production technologies were considered.

By 2050 the share of renewables in the electricity production could be reaching 0,289 and there are
sufficient potential renewable resources. The economic burden is bearable and the welfare is growing.
Checking the double dividend hypothesis (trade-off b/n environmental benefits and gross economic costs):
the reduction in the labor tax is increasing consumption; the reduction of consumption tax to a lesser
extent so but the reduction in the lump-sum refund to the representative household is detrimental to
consumption.

Hence, only for the case of labor tax recycling, we could assume the existence of a strong double
dividend.

Keywords: climate change, CO, taxation, abatement strategies, general equilibrium models

1. Introduction allowing for carrying out of integrated analyses of
The aim of the paper is to quantitatively assess aIternaf[ive scenarios for adaptation and mitigation
. . strategies.

the macroeconomic and sectoral impacts of future o _ o

responses to climate change by evaluating Mitigation and adaptatmn policies should b_e
policies for adaptation and mitigation aiming at assessed on their full effects and their
promoting increased market penetration  of quantification calls for the use of the newly
electricity produced from renewable energy developed Top/Down -BU for Bottom-up E3
sources in Austria. (energy, environment, economy) dynamic general

equilibrium model (TD-BU-E3 DGEM) allowing for
systematic trade-off analysis of environmental
quality, economic performance and welfare

The term adaptation is to be related to de-coupling
of electricity demand from the economic growth by
energy and resources conservation in the sense

of sustainable development, by changing (Consumpt.|on). o

consumption pattern and habits, etc. — all that are As to policy measures related to mitigation by
long term measures related to socio economic promotion of renewable energies there had been
changes. a shift - as more generally in environmental policy

design - from command-and-control policies to
market-based instruments such as taxes,
subsidies, and tradable quotas. A recent impact
assessment by the European Commission, 2008,
. ) . ) shows that feed-in tariffs in Austria are the
To grasp synergies in climate policy the preferred promotion measure. In addition, direct

adaptation and mitigation options must be  supsidies for renewable energy have been
analyzed within a consistent, dynamic framework

For the long-term mitigation options for the electric
power sector will focus on CO, reduction by the
mean of a set of the technological options where
strong potentials for CO, reduction exist.

Proceedings of the 2™ International Scientific Conference 17
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enacted — typically differentiated by the type of
green energy, i.e., wind, biomass, solar cells, etc.

A relatively new strand of policy regulation is the
use of tradable green quotas where energy
supplies are required to produce a certain share of
energy services from renewable energy but are
flexible to trade these shares between each other
in order to exploit potential difference in specific
compliance costs.

In this paper, focus on two alternative policy
instruments which may be quite relevant to the
Austrian strategy for promotion of renewable
energy sources: quota obligation systems and
Carbon Taxation (double dividend) instruments.

Methodological the focus is set on novel CGE
(Computational General Equilibrium) modeling
approaches. The methodological objective is to
consistently describe the role of specific energy
related technologies within a total analytical
economic modeling framework. CGE is used as
an analytical Top-Down framework that is
enhanced by representation of specific technology
descriptions.

The paper is structured as follows: Section 2
provides a background to the TD-BU-E3 DGEM
and its algebraic representation in the MCP
framework, followed by its adjustment to the
study’s specifics and application to the particular
case studies in Section 3 that is dealing with
Scenario definition and policy analysis starting
with benchmark assumptions, then the description
and analysis of the Baseline Scenario followed by
the Green quota scenario and respective analysis
and ending with the Carbon Taxation (double
dividend) Scenario. Section 4 concludes.

2. The TD-BU-E3 DGEM

Our modeling work was motivated by recent
theoretical and practical developments in
algorithms  for  nonlinear  complementarity
problems and variational inequalities based on the
GAMS/MCP modeling format (Rutherford, 2002).
The TD-BU-E3 DGEM (here TD stands for
Top/Down, BU for Bottom-up, E3 for energy,
environment, economy and DGEM for dynamic
general equilibrium model) provides a basis for
evaluating economic impacts of the chosen
energy policies both at macroeconomic and at the
sectoral level — indicating the effects of the energy
decisions on the economic environment. This
approach permits an energy-economy model to
combine technological details of an energy system
(bottom-up) with a characterization of the overall
economy market equilibrium (top-down).

TD-BU-E3 DGEM applications include the impacts
of scenarios on country’s economic variables,
e.g., changes of the main real economic
indicators, in the consumption of the households,
in the sectoral employment levels, in the energy
consumption, of the emission levels, the energy
price indices, etc., but TD-BU-E3 DGEM is also
used for applied energy and environmental policy
analysis, e.g., the impacts of the Green Quotas
and the Environmental Tax Reform

2.1 TD-BU-E3 DGEM: algebraic representation
in MCP framework

In our formulation of an integrated top-down /
bottom-up model we consider a competitive
(Arrow-Debreu) economy with n commodities
(including economic goods, energy goods and
primary factors) indexed by i, m production
activities (sectors) indexed by j, and one infinitely
living representative agent, or household
(including government). Later this concept will be
put into a dynamic intertemporal setting, using the
standard Ramsey model of savings and
investments.

We are making use of the MCP framework
suggested by Boehringer (2007) formulation of
market  equilibrium  problems as  mixed
complementarity problems (MCP) thus permitting
integration of bottom-up programming models of
the energy system into top-down general
equilibrium models of the overall economy. The
classic “mixed-complementarity problem” (MCP) is
de ned as:

Given: F:R"Y R“,,u R" )

Find: zwyv R (2)
st:

F(zz w v O 3)

|l z uw Ov O (4)

w (z 1) ovi (u 2 0 (5)

in which I u . F must be continuously

differentiable in order to express a model using

GAMS/MCP algebra. It is not hard to see that the

model, as laid out in the following, exactly suits

the concept of an MCP as described in equations

(1) to (5).

The decision variables of the economy can be

classified into the following categories:

p denotes a non-negative n-vector in prices for all
goods and factors,

18 Proceedings of the 2™ International Scientific Conference
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y is a non-negative m-vector for activity levels of
constant-returns-to-scale  (CRTS)  production
sectors,

M is a scalar, denoting consumer income level,

e represents a non-negative n-vector of net
energy system outputs (including, for example,
electricity, oil, coal, and natural gas supplies), and
x denotes a non-negative n-vector of energy
system inputs (including labor, capital, and
materials inputs).

As in Mathiesen's model, a competitive market
equilibrium for this economy is represented by a
vector of activity levels, a non-negative vector of
prices, and a non-negative vector of incomes such
that the following criteria are fulfilled:

Zero-profit condition : No production activity
makes a positive profit.

(p) O (6)

Where (p denotes the unit profit function

for constant returns to scale production
activity j, which is the diference between unit
revenue and unit cost.

Market clearance conditions:  Excess supply
is non-negative for all goods and factors.

@y, e dipM) x (D
]
Here indicates the initial endowment
vector and d(p,M) is the utility-maximizing
demand vector, of the representative agent.

Income balance : Household expenditure
does not exceed income.

M p’ (e x) (8)

In this equality represents the share of energy-
sector rents that accrue to the household(rents
depend on household ownership of energy
resources). The equation which defines consumer
income level is conceptually distinct from the zero
profit and market clearing conditions in that there
is no explicit complementarity at work in this part
of the model. The income variable is added to the
equilibrium system solely as a means of
simplifying the expression of household demand.

Furthermore, we assume that the equilibrium
levels of energy sector outputs and inputs are
consistent with profit-maximization, taking market
prices as given:

Integrated bottom-up model:  Energy sector
supply and demand vectors are profit-
maximizing choices subject to technical

constraints. That is, e and x solve a linear
programming model. For concreteness, we
will assume that this bottom-up model can be

written as:
maxp’ (e X) 9)
st:
Ax Bz Ce (20)
ex 0 (11)

| z u (12)

Where AC R"" and B R"N

characterize technical constraints and z R"
denotes decision variables of the energy
system with |,u R™ upper and lower

bounds respectively.

In the integrated model formulation the linear
program is incorporated through the associated
Kuhn-Tucker conditions and solved
simultaneously with the equilibrium conditions (6)-

(8).

Policy interference can substantially affect
investment and savings incentives. Assessment of
the adjustment path and long-term equilibrium
effects induced by policy constraints may
therefore call for an explicit intertemporal
framework.

Dynamic modeling requires an assumption on the
degree of foresight of economic agents. In a
deterministic setting, one logically consistent
approach is to assume that agents in the model
know as much about the future as the modeler:
Agents' expectations of future prices then
correspond to realized future prices in the
simulation. Within the standard Ramsey model of
savings and investment, the notion of perfect
foresight is coupled with the assumption of an
infinitely-lived representative agent who makes
explicit choices at the margin between the
consumption levels of current and future
generations. The representative agent maximizes
welfare subject to an intertemporal budget
constraint. Savings rates equalize the marginal
return on investment and the marginal cost of
capital formation. Rates of return are determined
such that the marginal productivity of a unit of
investment and marginal utility of foregone
consumption are equalized.

Extending the above mathematical setting
into an intertemporal (dynamic) model version
only requires a few technical additions (most of
the underlying economic relationships hold on a
period-by-period basis), following the ideology of
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the already mentioned Ramsey model, often
represented as a linear optimization problem:

1 ,C 1 (13)
max (—)' ———
to 1 1
st:
C. f(K) I, (14)
Kip @ DK 1 (15)

Here C indicates consumption, K capital stock, |
investment for each time period t, and , |,

indicate time preference of consumption,
depreciation rate of capital and intertemporal
elasticity of substitution respectively.

The idea is to add investment and capital
stock for each production activity, as well as the
according prices, i.e. capital purchase price and
capital rental price, as decision variables to the
model. In this way the previously described
integrated Bottom-up Top-down model is solved
for each time period t, linking each period through
the additional zero profit and market clearance
conditions for investment and capital stock
formation (introduced through equations (14) and
(15)), which relate the cost of a unit of investment,
the return to capital, and the purchase price of a
unit of capital stock in period t.

For calibration of the TD-BU-E3 DGEM we make
use of the three sectoral social accounting matrix
for 2005, which is derived from Austria’s input-
output table published by Statistic Austria, as well
as the following data:

Intertemporal elasticity of substitution | 0,5
Baseline interest rate 5 %lyear
Baseline growth rate 0.9 %lyear
Depreciation rate 7 Y%lyear

The top-down nesting structure of the
production functions is exemplified in Annex 1.

Specified data on the energy sector, used in
the bottom-up part of the model, is derived from
the Austrian input output table as well as the
energy balances of Statistic Austria, which are
both given in Annex 2.

3. Scenario definition and policy analysis

3.1 Some technological considerations

In TD-BU-E3 DGEM we have eight different
technologies for electricity production, divided into
existing and new vintage technologies, and also
categorized as renewable (or green) or not

The existing electricity production technologies
are: Gas Power Plants, Oil Power Plants, Coal
Power Plants, Hydro Power Plants, and Bio-Wind
Power Plants, where the latter accounts for a
composite of existing Biomass and Wind
electricity production power units. At the Figure 1
the benchmark production shares of the existing
technologies for the year 2005 are shown.

Benchmark electricity production shares

= hic_wind

= hiomass

wind

Figure 1: Benchmark electricity production shares.

For the future power production we are envisaging
the so called new vintage technologies, namely,
new wind, new biomass and solar/photovoltaic.

Here the terms new wind and biomass should be
understood to be tentative names more the end-
of-the pipe technologies that are assumed to be
more efficient than the existing but also more
costly.

We made assumption that the existing power
plants will be functioning in the future and the new
technologies will be entering the market after the
old have exhausted the limit of their resource
allocation. For the existing Bio-Wind technology
we have imposed a limit at a level of 2.5 times the
value of its benchmark electricity production.
Similarly, based on the limiter resource
availability, the Hydro Power production was
limited to 1.4 times its benchmark production
level. According to the trend analysis the
production of the coal power plants does not
change much and oil power plants are going out
of market.

The new renewable technologies have an
imposed potential of their maximal contribution to
the total electricity production, namely, the new
Wind - 7%, new biomass - 15%, and the new solar
- 20%.

For the technologies the relative prices per unit of
electricity produced have been ranked from the
cheapest, hydro power, to the most expensive,
new solar which is assumed to be 2.2 more
expensive than the hydro. The other technologies
are lying in between this range.

renewable. The advanced renewables are assumed to be not
active at the beginning of the period mainly
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because they are supposed to be technologically
available at a later stage and because they are
relatively quite expensive.

Baseline Scenario

Scenario assumption related to the adaptation is
the de-coupling of electricity demand from the
economic growth. This is assumed to be done by
energy and resources conservation in the sense
of sustainable development, by changing
consumption pattern and habits, etc. — all that are
long term measures related to socio economic
changes. The growth of total electricity production,
shown at Figure 3, is assumed to be 0.7% per
year, hence decoupled from the assumed

The Scenario assumptions for the main fuel inputs
in the power production till the year 2050 are
based on energy supply analysis by Kratena and
Wruger (2005) (Figure 2).
The main features of this scenario are:
doubling the natural gas input for power
production,
hard coal use - almost constant,
quadrupling the wind and biomass use and
gradual extinction on fuel oil use in the power
plants.
The quadrupling of fuel wood and wind electricity
seem to be realizable because the available wind
energy potential has been evaluated at 14 - 50 PJ
and the fuel wood availability at 30 Mio m3 or

economic grovv_th of O.9%/ye_ar. Just f(_)r 232 PJ (Hantsch and Moidl 2007; Balabanov
comparison — till 2008 electricity demand in 2008)
Austria were growing with 1% per year. '
200
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Figure 2: Assumptions for the main fuel inputs till the year 2050 (in PJ).

As said the growth of total electricity production, at
Figure 3, is assumed to be decoupled from the
economic growth of 0.9%/year so that we are
coming to a growth index of 1.64 for electricity
production over the 50 year period. In the baseline
scenario renewables will increasing their part of
the production but at the historical growth rate —
reaching approximately 9% by 2050.

10

wind
8

solar
6 -
4 oil
2 7 ® hydro
p | == == = K - .

W gas

2005 2015 2025 2035 2045 2055

Figure 3: Structure of the power production.

Green quota scenario

A part of the integrated energy and climate
change policy guidelines, as adopted by the EU in
December 2008 (DG for Energy and Transport
2008), is the obligation by the member states for
covering an average of 20% of their total energy
needs from renewable sources. Therefore each
country agreed to fulfill a different renewable
energy quota by 2020.

The target for Austria by 2020 is 34% whilst for
the year 2005 it was 23.3% of the total energy
use. In so far as this target is recognizing the
hydro power as green energy and the Hydro share
for 2020 is projected to be 14.73% in fulfilling the
quota obligation an accelerated growth rate of
other renewables would be need in order to reach
around 20% by 2020 which is seen by WKOE
(2008) as difficult.
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In this paper the green quota scenario is
attempting to simulate the impacts on the
technology mix of the Austrian electricity sector of
increasing the share of renewables in the
electricity production up to 30% by 2050.

By running the TD-BU-E3 DGEM under the above
assumption we have as an output the changes in
the main indicators as shown at Figure 4. The
growth of the power production indexed with 1.66
is following quite closely the scenario assumption
and around 2030 there is a small bump. This is
result of the exhaustion of the conventional hydro
and bio-wind resources and the slum is due to the
significant subsidies needed for the start up of the
new wind and biomass technologies.

05

Figure 4: Model output for the main indexes.

The accelerated development of the agricultural
sector (X1) is a result of the demands of

16

agricultural inputs by the biomass technologies
while heavy industry’s production (X2) is slightly
declining due the general trend in
exporting/downsizing the energy intensive
industries.

The growth of investment is following closely the
growth of the electricity output and this is due to
the high capital intensity of the power sector. It is
quite indicative that the consumption is growing,
albeit at a lower rate, despite the significant
investment demand.

Here is to be said that by 2030 the share of
renewables (without hydro) is reaching 0,184 and
by 2050 - 0,289.

To summarize: achieving the quota of close to
30% by 2050 is feasible and there are sufficient
quantities of potential renewable resources for
that purpose. It also seems that the economic
burden is bearable and the welfare is growing.
The next figure shows the electricity production
structure by the different technologies in TWh for
graphical reasons the dominating Hydro power
production is not shown at Figure 5, since it would
be depressing the view. The scenario run resulted
in steady increase of hydro power production of
up to 50 TWh by 2020 when in it reaches its
imposed production limit.
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Figure 5: Production (in TWh) of the conventional and renewable energy technologies.

Few years later — by 2025 - the bio-wind is also
reaching its production limit which results in the
output rise by the conventional bio-wind
technologies and that is opening the way to
entering the market for the new wind and new
biomass — the so called backstop technologies.

This start up of the new and expensive
technologies result in a jump of the subsidy rate
for green technologies, see Figure 6, first in 2025
at the level of 8% from the electricity production
cost. When new Vintage reaches its potential, in
2030 there is another jump in subsidy rates
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reaching to 14%, so that new biomass
technologies could start producing electricity.

ggggggggggggggggggg

Sttsicy rate (o cectity prce)

2030 2000 2050 2060

Figure 6: The subsidy rategfor the green technologies.

As a result of these developments by 2030 the
share of renewables in the electricity production
(including hydro) is reaching 0,825 or without
hydro 0,184 and by 2050 the same share without
hydro is 0,289, while the share (including hydro)
remains at 0,825.

Carbon Taxation (double dividend) Scenario

The greenhouse gases are measured in
megatons of Carbon dioxide equivalency
(MCOzeq) and there are a number of alternative
tax instruments for reducing its emissions.

Carbon dioxide equivalency is a quantity that
describes, for a given mixture and amount of
greenhouse gas, the amount of CO, that would
have the same global warming potential (GWP),
when measured over a specified timescale
(generally, 100 vyears). Carbon dioxide
equivalency thus reflects the time-integrated
radioactive forcing, rather than the instantaneous
value described by CO.e.

For example, the GWP for methane over 100
years is 25 and for nitrous oxide 298. This means
that emissions of 1 million metric tons of methane
and nitrous oxide respectively are equivalent to
emissions of 25 and 298 million metric tons of
carbon dioxide.

Over the last decade, several EU Member States
have levied some type of carbon tax in order to
reduce greenhouse gas emissions from fossil fuel
combustion contributing to anthropogenic global
warming (OECD 2001).

In this context, the debate on the double
dividend hypothesis has addressed the question
of whether the usual trade-off between
environmental benefits and gross economic costs
(i,e. the costs disregarding environmental
benefits) of emission taxes prevails in economies
where distortionary taxes finance public spending.
Emission taxes raise public revenues which can
be used to reduce existing tax distortions.
Revenue recycling may then provide prospects for

a double dividend from emission taxation (Goulder
1995):

Apart from an improvement in environmental
quality (the first dividend), the overall excess
burden of the tax system may be reduced by
using additional tax revenues for a revenue-
neutral cut of existing distortionary taxes (the
second dividend).

If — at the margin — the excess burden of the
environmental tax is smaller than that of the
replaced (decreased) existing tax, public financing
becomes more efficient and welfare gains will
occur.

The setting of TD-BU-E3 DGEM for simulating
Carbon Taxation Scenario differs slightly from the
original setting for the Baseline Scenario, e.g.,
final consumption is being split into public
(governmental) and private (household)
consumption, where public consumption is
estimated at a level of 25% of total consumption.
Therefore a new production activity is defined,
indicating a public good (e.g. infrastructure,
healthcare, etc.), which is then consumed by the
Private households or firms in the economy.

In our dynamic policy simulations, we investigate
the economic effects of carbon taxes that are set
sufficiently high to reduce carbon emissions by
20% compared to the base year emission level.
The figure bellow is showing the rate of
decarburization of the produced electricity, namely
the reduction of CO, emissions per TWh of
produced electricity.

While keeping public good consumption at the
base-year level, the additional carbon tax
revenues can be recycled in three different ways:

() a reduction in the distortionary labor tax
(labeled as “TL")

(i) a cut in the distortionary consumption tax
(labeled as “TC")

(i) a lump-sum refund to the representative
household (labeled in the Figure as “LS").

carbon taxation scen

9% change of carbon emi

2010 2020 2030 2040 2050 2080

Figure 7: Trajectory of CO, emissions per unit electricity
produced.

As seen at the Figure 8 — in line with the
undisputed weak double dividend hypothesis
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(Goulder 1995) - the reduction of the distortionary
consumption or labor taxes (TL) is superior in
efficiency terms as compared to a lump-sum
recycling of carbon tax revenues. In our dynamic
simulation, we even obtain a strong double
dividend from revenue-neutral cuts in distortonary
taxes (TL): Reflecting the larger marginal excess
burden of the initial labor tax vis a vis the initial
consumption tax, labor tax recycling is distinctly
more beneficial than consumption tax recycling.
The Figure 8 provides the consumption
trajectories for the three different recycling
options. In the case of reduction in the
distortionary labor tax (TL) the consumption levels
are increasing over a long period of time. To a
lesser extend the same applies to the case of a
cut in the distortionary consumption tax (labeled
as “TC"): The reduction in the distortionary lump-
sum refund to the representative household
(labeled as “LS”) tends to reducing consumption
and respectively the welfare.

Hence, only for the case of labor tax recycling, we
could assume the existence of a strong double
dividend.

nnnnnnnnnnnnnnnnnn

Figure 8: Carbon Taxation Scenarios.

Figure 9 shows the associated carbon tax rates,
or the marginal abatement cost (MAC), to achieve
the target emission reductions. The computed
maximum MAC of bellow EUR 100 that correlates
very well with other multi country studies for the
EU region, e.g. the Marginal Abatement Costs
(MAC) levels have been estimated by the EU’s
“Impact Assessment of the EU's objectives on
climate change and renewable energy for 2020”
(EC 2008) to be around € 90/t CO.,.

100

3 8 8

5 3 8 58 % 8

2010 2020 2030 2040 2050

Figure 9: Dynamics of the carbon tax rates/MAC.

MAC - as the direct incentive for emission
mitigation in production and consumption -
increase with the stringency of the emission
constraint but hardly differ across recycling
variants.

In the dynamic analysis of environmental tax
reforms, we impose a linear reduction of carbon
emissions compared to baseline emission levels
by 20% between 2005 and 2040, holding the
percentage reduction vis--vis the Baseline and
keeping it constant thereafter.

Conclusions

By adapting and extensively validating the newly
developed Top/Down -BU for Bottom-up E3 (
energy, environment, economy) dynamic general
equilibrium model (TD-BU-E3 DGEM) we
assessed the long term impacts on the
macroeconomic and sectoral structural
components of two alternative policy instruments
for responses to climate change and for promotion
of renewable energy sources:

Green quota, and

Carbon Taxation (double dividend)

In our baseline Scenario, as a part of the
adaptation strategy, we assumed de-coupling of
electricity demand growth from the economic
growth.

In the model we have introduced 5 existing
electricity production technologies, namely: Gas
Power Plants, Oil Power Plants, Coal Power
Plants, Hydro Power Plants, and Bio-Wind Power
Plants (a composite of existing Biomass and Wind
electricity production power units).

The new vintage technologies, nhamely, new wind,
new biomass and solar/photovoltaic — are
tentative names and should be better seen as the
end-of-the pipe technologies that are assumed to
be more efficient than the existing but also more
costly.

The model runs for the Green quota scenario
have shown that as a result of the inversing
demands of agricultural inputs by the biomass
technologies there is accelerated development of
the agricultural sector while heavy industry’s
production is slightly declining due the general
trend in exporting/downsizing the energy intensive
industries.

The growth of investment is following closely the
growth of the electricity output and this is due to
the high capital intensity of the power sector. It is
quite indicative that the consumption is growing,
albeit at a lower rate, despite the significant
investment demand.

Here is to be said that by 2030 the share of
renewables in the electricity production (without

24 Proceedings of the 2" International Scientific Conference
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece



hydro) is reaching 0,184 and by 2050 - 0,289 and
the renewables share (including hydro) is 0,825.
To summarize: achieving the quota of close to
30% by 2050 is feasible and there are sufficient
quantities of potential renewable resources
available for electricity production. It also seems
that the economic burden is bearable and the
welfare is growing.
The double dividend hypothesis has addressed
the question of whether the wusual trade-off
between environmental benefits and gross
economic costs (i.e. the costs disregarding
environmental benefits) of emission taxes prevails
in economies where distortionary taxes finance
public spending.
Emission taxes raise public revenues which can
be used to reduce existing tax distortions.
Revenue recycling may then provide prospects for
a double dividend from emission taxation.

While keeping public good consumption at the
base-year level, the additional carbon tax
revenues can be recycled in three different ways:
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Abstract

An energy management system (EMS) can be used as a tool to shape the energy policy of a hotel. Even
though various EMS differ significantly in their methodological approach, they all aim at designing a
systematic environmental upgrade for the end user i.e. a hotel. The adoption of an EMS can be an
economically viable option and can also be used as a marketing tool. Furthermore, it can contribute in
order to comply with present and future changes of legislation. The most widespread EMS are the 1SO
14001 and the Eco Management and Audit Schemes (EMAS). Recently the European Eco-LABEL, a
voluntary scheme designed to encourage businesses to market products and services that are more
environment-friendly, has been introduced. Within the frame of this paper is to discuss the adoption of an
EMS, in order to support a sustainable touristic development by improving the quality of its facilities and its

services.

Key words: Energy management system (EMS), Eco-labelling, Sustainable tourism

1. Introduction

Over the last decades concerns related to the
environmental aspect of the hotel sector have
progressively escalated (Han et al., 2009). In the
increasingly environmental conscious
marketplace, consumers have realised the impact
of their purchased behaviours, which are strongly
associated with environmental problems (Laroche
et al., 2001). Such markets are the various types
of lodging operations which have become
increasingly proactive in following green practises
and developing environmental programs (Brawn,
1996).

Those voluntary approaches are increasingly
considered as relevant policy instruments to
control and regulate the hotel branch towards
environmental protection, by developing a diverse
set of efforts. These are considered voluntary
initiatives, since they have two basic
characteristics: promoters of the initiatives are not
obligated by law to launch these schemes, and
target groups are not obligated to join (WTO,
2002).

According to empirical studies, tourism-related
uses of natural resources are increasingly
significant and nature-based tourism has turned
out to be the fastest growing segment of the
global tourism market (UNEP, 1998; Blanco et al.,
2009). The relevance of the close link between
tourism and the ecological systems has been
widely recognised in the field of environmental
economics (Patterson et al, 2007; Bimonte,
2008). Still, and despite this relevance, the efforts
to bring attention to the benefits that can be
gained by broader and deeper voluntary
commitments to the environment, and all that
accompanies those, remain rather limited (Foster
et al, 2000).

A green hotel is an environmental friendly lodging
property that applies and follows ecologically
sound programs and practices, like water and
energy saving measures, reduction and
management of solid waste and structural
mesures in order to promote sustainability. With
the growing number of customers seeking green
operations, environmental friendly practices can
help not only in characterising a hotel as “green”
but in providing a basis for good marketing
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strategies with a view to help position it differently
in the competitive arena. Thus, the green hotel
business is believed to be a growing niche in the
current competitive lodging industry (Manaktola
and Jauhari, 2007).

Environmental management practices, green
strategies related to the environmental policies
and customers’ green preferences and attitudes
toward green practises have been examined in
previous studies of the hotel industry. Still, little
research has focused on the hoteliers decision-
making process for adopting a voluntary scheme,
with a view to use it as an energy management
system (EMS). Voluntary schemes are complex
systems, because they are influenced by
customers’ awareness and responsibility toward
environmental issues and energy use and act as a
tool to increase hotel's economic finance
importance (Beccali et al., 2009).

In the present work a different approach is
proposed, by assuming energy as a relevant issue
for the evaluation of a hotel’s sustainability. This is
a reasonable approach, as due to the significant
amounts of energy consumed in hotel buildings,
there have been growing concerns regarding
energy performance and the promotion of good
operational practices in hotels (Boemi et al.,
2009).

2. Features of the Greek hotel industry

Greek tourism industry is among the most
dynamic branches within the services’ sector.
According to a statistical survey of the Greek hotel
industry, it is in a steady grow, presenting a rise in
annual turnover of about 5.8% for 2006, which
corresponded to a rise from 2.54 bn € in 2005 to
2,69 bn € (Hellastat, 2009). That represents 15%
of the Greek Gross Domestic Product, underlining
the role of the branch as an essential
development tool for the national economy. The
next years, despite the worldwide economic crisis,
tourism in Greece is expected to develop with an
annual growth rate of 6-7% (ITEP, 2009). The
fact that all over the country there are more than
9,000 hotels in operation, demonstrates the
importance of the branch also for the regional
development of the country.

As Greece is on its way to transform itself to an
upmarket tourism destination, the need for an
increase in high quality, resort accommodation
becomes apparent. The government has identified
this high quality therefore tourism infrastructure
development as a priority target and encourages
the creation of integrated resorts, which offer a
wide variety of touristic services. In the last

decade this led to an overconcentration in four
main areas. Therefore, a strategic plan for spatial
development has been into consultation in order
to have a balanced touristic growth.

Furthermore, and aiming at the improvement of
the existing infrastructure, the lengthening of the
operational season and the improvement of
alternative forms of tourism, a series of structural,
financial and administrative measures were
adopted by the state. With respect to the
aforementioned role of sustainability, the
measures are based on the EU’s encouragement
towards the improvement of the environmental
performance  of services and  products.
Concerning these new approaches elaborated by
the EU, in order to improve the energy
performance of the tourism sector, one cannot fail
to underline the voluntary environmental quality
labelling schemes.

Within the tourism sector, hotel enterprises are the
major energy consumer. Surveys made by the
Center of Renewable Energy Sources (CRES)
and the Ministry of Development have shown that
although hotels represent only 0.82% of the whole
building stock, they consume 6% of the total
primary energy consumption, with an average
specific annual consumption of 407 KW/m?.

If energy demand is analyzed with respect to its
time variation, then one cannot fail to notice that
the peak values are recorded in the summer
season, due to the use of air-conditioning for
space cooling, a fact that is enhanced by the
seasonal character of Greek tourism. Energy
performance in hotels varies significantly,
depending on their category, the use of the
buildings, their architectural and constructive
features, their maintenance, the existing heating,
cooling and lightning systems (type, number,
efficiency, size), the other equipment and services
provided etc. As a rule, hotels perform in a rather
inefficient  considering energy, as other
parameters (thermal comfort, indoor air quality,
quality of services, aesthetics) are considered to
be more important. As a result high energy costs
occur, representing an important fraction of the
annual running costs of a hotel.

An in depth investigation on present energy uses
of the sector is presented with the aim to highlight
the potential and the importance of voluntary
schemes for tourism and to prove that adoption of
an EMS leads to a sustainable touristic
development by improving the quality of its
facilities and its services.
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3. Defining environmental clusters of hotels

The basic aim of the touristic sector is to provide
qualitative services. But tourism has social and
ecological impacts on touristic destinations,
because it implies many activities that may have
negative impacts. Those impacts are usually
caused because the traditional development
followed the basic tourism model of the early post
war era, which leads to disproportionally high
concentration of tourism activities inn specific,
restricted period and in rather constrained spatial
areas. Affects are beheld in the environment and
cultural carrying capacity of tourist destination
(Boemi et al., 2007).

The selection of an EMS system is implemented
mainly in order to cope with financial criteria and
not with in order to control or reduce energy
consumption. The willingness and the ability of
facility management and staff to adopt greater
environmental awareness is crucial in striving
towards a higher degree of sustainability. There
are conflicting results about the nature of the
industrial practices. Still, there are some studies
which have revealed that hotel operators generally
recognise the need for environmental protection
and are involved in a number of activities
(Edrogan and Baris, 2007).

Environmental programs such as reducing energy
consumption, installing recycling schemes and
composting food scraps so as to reduce solid
waste and minimize energy costs are steadily
increasing. Also, environmental management has
become an important issue in the hospitality, with
a number of hotels adopting environmental
management practises to the growing concern for
sustainable tourism products. Environmental
policy plans, which include protection activities, to
reduce consumption of energy, waste and
materials are included, as a statement by the
Greek National Tourism Organisation (EOT) has
never been adopted by Greek hotels.

ISO 14001
ISO 14000 has been developed as a new
international standard series for promoting

environmental  protection and  sustainable
development. There are a total of 21 standards
and guidance documents in the 1ISO 14000 family.
ISO 14001 specifies the requirements and
procedures for establishing an environmental
management system. An increasing number of
organizations from various industrial sectors have
actively participated in implementing this new
standard.

ISO 14001 is referred to as the specification
document and is the only standard designed for
purposes of audit and certification in the ISO
14000 series. The EMS is likely to stimulate and
initiate a substantial change in environmental
attitudes in every industry. It outlines the basic
elements and functions of an effective EMS
including establishing an environmental policy,
determining environmental aspects and impacts of
products/activities/services, planning
environmental objectives and measurable targets,
implementation and operation of programs to
meet objectives and targets, checking and
corrective action, and management review.

Sustainable construction at an operational level
includes recycling construction material and
construction debris, using renewable materials
and materials with high recycled content,
designing efficient building systems, and informing
building owners and managers how best to
conserve energy and resources in the operation
and maintenance of facilities. It calls for a
systematic approach and continuous effort within
the industry in order to achieve the objectives of
sustainable construction (Zhang et al., 2008).

Eco- Label

European Eco-Label for tourist accommodation
service is a joint initiative from Competent Bodies
of the European Members. It's a voluntary scheme
designed to encourage businesses to market
products and services that do not harm the
environment and are easily to be identified by
European’s.

Eco-Label for tourist accommodation was created
in April 2003 to reward tourist accommodation
services and tourists that respect the environment.
It includes different categories of mandatory and
optional criteria that the accommodation must
respect in order to be awarded the Eco-Label
scheme. There are 34 mandatory and 47 optional
criteria, aiming to ensure the use of energy
efficient heating and electrical devices, saving
water, training staff in order to put in implement
environmental management behaviour, such as
proper use of chemical substances and disposal
of waste etc. Finally, criteria aim at improving
management measures toward a more conscious
and efficient environmental performance from
lead, staff and guests.

The reasons for choosing Eco-label scheme are:

9 A display of the high quality and
environmental performance of the company,
by using an official logo from the European
Commission.
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9 To unveil ecological and economic
weaknesses in the enterprise and to enable
innovations to be implemented.

9 To reduce the consumption of natural
resources like energy and water in order to
reduce operational costs.

9 Environmental commitment stands for healthy
lodgings, healthy nutrition and a healthy
environment for the guests and the
employees.

9 An Eco-labelled accommodation service is
entitled to be used for a number of marketing
tools (e.g. advertising brochures, leaflets)

The “Flower” is the only European official
environmental label contrary to ISO 14001 and
EMAS certification. Also, it is recognised in all
countries and there are also synergy effects in
interaction with EU Eco-label for products.

There is a real synergy between the EU ISO
14001 and Eco-Labels and criteria. Applicants
with an Environmental Management System
registered or certified according under the ISO

14001 regulation automatically fulfil several
criteria required for EU Eco-Label. Those
programs are promising market-placed

approaches  for  improving environmental
performance of tourist accommodation services
and facilities.

General discussion about EMS

The use of those two well-known EMS is targeted
to the determination of an energy policy and
environmental managing energy. Specifically,
EMS aim at:

9 Defining a hotel's energy policy in connection
to the environment;

9 Identifying and analysing activities that deal
with environmental issues;

9 Purchasing and budgeting policies and a
corresponding energy plan;

9 Training hotel's operational and key staff in
energy management;

9 Training hotels’ customers;

9 Periodically performing environmental
monitoring or auditing for managers as well as
assessment and evaluation of energy use and
associated costs (Deng and Burnett, 2002).

According to Green Hotel Association, hotels
reported a guest participation of 70-90% in
voluntary schemes corresponding to savings of €
4 per day per occupied room (Bohdanowics,

2005). Furthermore, empirical evidence form an
audit carried out in the last two years by the
Laboratory of Hate Transfer and Environment
Engineering agrees with Blanco et al. (Blanco et
al, 2009) which stated that 5% of the hotel
customers agree to pay a premium for sustainable
packages.

Managing energy use is generally seen as a part
of overall EMS. In fact, successful environmental
management examples are often related to
energy use because there are apparent financial
gains from conservation (Erdogan and Baris,
2007). Energy consumption in hotels is clearly a
factor for their competitiveness and reducing costs
and increasing sensitivity to environmental factors
in hotel design will lead to introduction of elements
with less environmental impact and with more
competitive profit at the hotel market. PATA’s
(2007) regional results show that 52% of visitors
would be prepared to pay an extra 10% for
environmental-friendly tourism products. Other
studies provide both theoretical and managerial
implications for comprehending the determinants
of hotel's customers’ intentions to visit a green
hotel (Han et al., 2009).

4. Conclusions

Marketers should find ways to turn their hotel into
“green” ones, by actively finding ways for
determining  environmental concerns  which
potentially contribute to building their favourable
attitude toward green-consumption in the long
term. However, most of the studies indicate that
the hotel industry’s environmental policies arise
generally form immediate economic gains. Those
are resulting from minimizing expenses by means
of cost reduction measures that also bring
conservation and prevention.

By means of achieving synergies with the interest
of customers willing to pay for green services, the
adoption of EMS can lead to a rationalization of
energy use in the hotel sector. Hoteliers have a
strong sense of the public awareness toward
environmental, in that sense hotel companies can
prove environmental responsibility to improve their
profit levels. In that sense, and even if the
development of policies and  practices
demonstrated in the tourism industry are not
genuinely interested in the protection of the
environment, they can lead to energy
conservation.
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Abstract

This paper examines the implementation of the G8 80% emissions reduction target using a macro-
econometric hybrid model E3MG of the global economy, which stands for Energy-Economy-Environment
Model at the Global level. The E3MG combines a top-down approach for modeling the global economy
and for estimating the aggregate and disaggregate energy demand and a bottom-up approach (Energy
Technology subModel - ETM) for simulating the power sector, which then provides feedback to the energy
demand equations and the whole economy. The ETM submodel uses a probabilistic approach and
historical data for estimating the penetration levels of the different technologies, considering also their
economic-technical and environmental characteristics. Following the fruitless Copenhagen Summit, where
the expectations for a global agreement on deep emission reduction target have wiped out, the G8
commitment on 80% reduction by 2050 seems to be the current realistic political framework. The E3MG
model is used to implement this target and to compare it with a reference scenario, where no reduction
target is pursued. Both scenarios consider that impact of the financial crisis, with updated information to
summer 2009. This paper aims to provide evidence that such a deep reduction target can be met
providing gains for the economy.

Keywords: G8 80%, Carbon Pathways, post-Kyoto, CO, reductions

1. Introduction All these actions can be considered as

coordinated efforts from the developed countries,
aiming to prepare the framework for a new global
agreement on the Copenhagen Summit in
December 2009. The results of the Summit show
that such an agreement seems to be unlikely in
the short-term at least, as the developing
countries are demanding a stronger support.

Very recently (June 2009) G8 committed to
reduce their emissions by 80% by 2050 reduce
their greenhouse gas emissions 80% by 2050,
and to work towards keeping temperature levels
from rising 2 degrees Celsius. The EU has
announced (September 2009) its will to provide up
to 15 billion euros a year to help developing

countries fight climate change and adapt to its
predicted devastating consequences. Specific
countries, such as the UK, passed new legislation
(2008) to reduce its emissions by 80%, less than
one year from its previous commitment to reduce
emissions by 60%. More recently the new Obama
Administration expressed its commitment to a new
climate policy. The same concerns with even
more ambitious plans characterize the new
Government in Japan, towards finding a new
direction for its economy. The EU has been active
the whole decade introducing a humber of green
policies, such as the Emission Trading System
and a number of Directives, across its Member
States.

Considering the uncertainties produced by the still
ongoing financial and economic crisis, any
projection for a binding global agreement seems
to be stale. Therefore, the realistic political
framework for the time being is the G8
commitment to reduce emissions by 2050.

This emission reduction target has been examined
using the macro-econometric hybrid model E3MG
of the global economy, which stands for Energy-
Economy-Environment Model at the Global level.
The E3MG model, where the G8 countries are
individual regions within its 20 regions, has been
used to implement this target through a portfolio of
policies. The paper contributes by adopting a
novel hybrid modeling approach of the energy
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system and the whole economy and therefore
providing an alternative approach to the traditional
economic equilibrium modeling. Moreover the
paper aims to provide evidence that there exist
pathways for meeting deep reduction targets and
also helping the economy to grow, even when
those targets are implemented among the
developed countries only. The need for such
evidence has been noted by the IPCC (2007a) in
its assessment of the literature on stringent
mitigation targets. Such evidence can inform the
international negotiations for a post-Kyoto global
agreement.

2. Modeling Framework: E3MG Model
Description

In projecting the future, the approach is first to
consider the past. Looking back over the last 200
years, the socio-economic system seems to be
characterized by ongoing fundamental change,
rather than convergence to any equilibrium state.
Maddison (2001) takes a long view of global
economic growth over the last millennium. He
finds growth rates to be very different across
countries and over time, and ascribes the
comparatively high rates of growth to
technological progress and diffusion. He also finds
that inequalities between nations in per capita
GDP have increased (in particular since WW2),
not diminished over time. These three features of
growth (technological progress, diversity across
nations and time periods, and increasing
inequalities) are also characteristic to our
modeling approach.

E3MG represents a novel approach to the
modeling of technological change in the literature
on the costs of climate stabilization. It is based
upon a Post Keynesian economic view of the
long-run. In other words, in modelling long-run
economic growth and technological change, the
“history” approach of cumulative causation and
demand-led growth (Kaldor, 1957, 1972, 1985;
Setterfield, 2002), focusing on gross investment
(Scott, 1989) and trade (McCombie and Thirwall,
1994, 2004), and incorporating technological
progress in gross investment enhanced by R&D
expenditures, has been pursued. Other Post
Keynesian features of the model include: varying
returns to scale (that are derived from estimation),
non-equilibrium, not assuming full employment,
varying degrees of competition, the feature that
industries act as social groups and not as a group
of individual firms (i.e. no optimisation is assumed
but bounded rationality is implied), and the
grouping of countries and regions has been based

on political criteria. The exception to the Post
Keynesian approach is that at the global level
various markets are closed, e.g. total exports
equal total imports at a sectoral level allowing for
imbalances in the data.

The model has been developed in the traditions of
the Cambridge dynamic model of the UK economy
MDM-E3 (Barker and Peterson, 1987) and the
European model E3ME (Barker, 1999) (also see
www.camecon.co.uk/e3me/intro.htm). In addition,
the approach has been developed to include the
bottom-up energy technology model, ETM
(Anderson and Winne, 2004), within the top-down
highly disaggregated macroeconomic model,
E3MG. Thus, like the studies (Nakicenovic and
Riahi, 2003; and McFarland, Reilly and Herzog,
2004) which are also based on the linkage of top-
down and bottom-up models, our modelling
approach avoids the typical optimistic bias often
attributed to a bottom up engineering approach,
and unduly pessimistic bias of typical
macroeconomic approaches. The advantages of
using this combined approach have been
reviewed (Grubb, Koéhler and Anderson (2002).
Energy-economy-environment interactions within
E3MG'’s hybrid (top-down/bottom-up) structure are
presented in Figure 11, whereas the structure of
E3MG's energy sub-model is displayed in Figure
12.

E3MG incorporates endogenous technological
change in three ways:

e« The sectoral energy and export demand
equations include indicators of technological
progress in the form of accumulated investment
and R&D

» The ETM incorporates learning curves through
regional investment in energy generation
technologies that depend on global scale
economies

» Extra investment in new technologies, in
relation to baseline investment induces further
output and therefore investment, trade, income,
consumption and output in the rest of the world
economy through a Keynesian multiplier effect.

Mitigation and/or Policy Options and Instruments

The model is capable of explaining how low-
carbon technologies are adopted as the real cost
of carbon rises in the system, with learning by
doing reducing capital costs as the scale of
adoption increases. The model includes the
economic  instruments of CO, emission
allowances (auctioned or grandfathered), energy
and carbon taxes, employment taxes, and other
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direct and indirect taxes. A rise in the costs of
fossil fuels resulting from increases in CO, permit
prices and carbon taxes thus induces extra
investment in low-carbon technologies, and this is
larger and earlier than the investment in
conventional fossil technologies in the baseline.
The carbon tax revenues and part of the permit

ECONOMY

revenues are assumed to be recycled in the form
of lower indirect taxes. The outcome is that the
extra investment and implied accelerated
technological change in the stabilization scenarios
leads to extra exports and investment more
generally, and higher economic  growth.

damage to health and buildings

as in national

accounts funding R&D

pollution-
prices investment TECHNOLOGY abatement
and equipment

activity
fuel use
fuel ussg

ENERGY

a.qg. industrial emissions of SF6
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Figure 1: The hybrid (top-down/bottom-up) structure of the E3MG model.
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Figure 2: The structure of E3MG'’s energy sub-model.

The policy instruments that are explicitly in the
model to promote GHG abatement are

« carbon taxes

e emission permit schemes are at regional and
global levels by any mix of energy sectors

« revenue recycling
* R&D expenditures in total by sector and region.

Proceedings of the 2" International Scientific Conference

* incentives
* regulation

These need to be supplemented by policy
instruments  associated with  technological
agreements between countries need to be
included to allow for reductions in costs brought
about by adoption of common standards and
reduction of market barriers.
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ETM - The Energy Technology Sub-model

Although E3MG is a complex econometric,
simulation model, it originally lacked a
representation of the array of non-carbon energy
options that could potentially emerge in the future.
To fill this gap, a hybrid modelling approach has
been implemented by linking with E3MG an
annual, dynamic technology model, referred to
here as the ETM model. The ETM sub-model has
been built to generalize earlier work by Anderson
and Winne (2004) to form the basis of a new
energy technology component of E3MG. Although
the ETM is not specifically regional and is not
estimated by formal econometric techniques, it
does model, the switch from carbon energy
sources to non-carbon energy sources over time.
It is mainly designed to model electricity supply
technologies, but incorporates also technologies
that cover other type of energy demand e.g heat.

The ETM model was designed to account for the
fact that a large array of non-carbon options is
emerging, though their costs are generally high
relative to those of fossil fuels. However, costs are
declining relatively with innovation, investment
and learning-by-doing. The process of substitution
is also argued to be highly non-linear, involving
threshold effects. The ETM models the process of
substitution, allowing for non-carbon energy
sources to meet a larger part of global energy
demand as the price of these sources decrease
with investment, learning-by-doing, and
innovation, learning —by-researching.

One component of the ETM is the learning curve.
The importance of including a learning curve in
the model cannot be underestimated, as the
technology costs do not simply decline as a
function of time, but decrease as experience is
gained by using a particular technology. The
learning curve in the ETM has the form

Ct Co(xt/xo) ° 1)

where C; are the unit costs at time t, Cy initial
costs, X; the cumulative investment (taken as an
indicator of experience) in the technology by time t
from the time of its first introduction and b is the
‘learning-curve parameter’. This relationship is
highly non-linear, especially in the early phases
when X; is small and experience accumulates
rapidly. Figure 13 below shows the effect, in which
market share is taken as a proxy for X;.

As investment is made in ‘new’ technologies,
learning takes place and the cost of the new
technology lowers so that it becomes competitive
with the ‘old’ technologies. For each type of

energy demanded there is usually a technology or
fuel ‘of choice'—what might be termed a ‘marker’
technology—against which the alternatives will
have to compete. In the ETM, the capital,
operating and maintenance costs are being used
to estimate the net present value of the different
technologies, which is used for expressing the
relative costs of the alternatives. Operating costs
consider fuel and carbon prices. Those relative
costs are readjusted based on the incentives or
taxes that are applied to the different
technologies. Even though the numeraire
technology may comprise the majority of the
market, there are always so-called niche markets
and opportunities where the non-carbon
technology is cheaper than then numeraire.
Photovoltaics, although their relative costs were
several times higher compared to a marker
technology, took a small share in the market, even
without the presence of a favorable policy e.g.
feed-in tariff. This can be justified, concerning
cost-effectiveness, in case of off-grid installations,
but this is not always the case. Historical data
show that several energy investments can not be
justified by using cost optimization techniques,
adopted by most energy system models. On the
other hand, energy investments consider a
number of critical issues, sometimes contradicting
with each other. Such factors are political
decisions (nuclear in France), volatility in prices,
energy security issues, technology transfer
agreements being part of intergovernmental
agreements for wider economic cooperation,
social issues (public opposition), technical and
environmental issues that create a high
uncertainty in investing to a single technology,
based on its cost-effectiveness compared to the
others. This reason has led to an examination of
the penetration capability of different technologies
(Anderson and Winne, 2004), by estimating their
substitution elasticities.  This approach is in
correspondence with similar approaches adopted
to examine regional interdependencies in our
globalized economy (Pesaran et. al. 2004)

Figure 14 shows the Market Share of marker
technology and technology i and the Rate of
Change of Market Share vs Relative Prices of
marker technology to alternative technology i. The
left scale shows the market share of the
technologies (marker and technology i) based on
their relatives prices. If they cost the same
(considering  their capital, operating and
maintenance costs and also any incentives or
taxes), they take the same share of the new
investments. The right scale shows the
substitution elasticity between the technologies
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(marker and technology i), based on the frequency

table is symmetrical, but historical data lead in

distribution of relative prices. Narrow distribution several cases to unsymmetrical distribution
means small standard deviation and large value of figures.
the parameter . The distribution presented in this
5]
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Figure 3: Threshold effects in Technology Development (learning rates in percentages).

The General Structure of the ETM

Some of the substitute technologies are restricted
for technical reasons, for instance the amount of
intermittent renewable energy that can be
permitted on the electricity grids, and others for
economic reasons, for instance the rising costs of
land use by biomass or onshore wind. In the ETM,
these restrictions are represented by a rising cost
of use as the limits are reached or by imposing an
upper level of penetration.

The main equations used in the ETM to model the
switch from carbon technologies to non-carbon
technologies, as costs decrease are listed below.
For the electricity sector, the marker technology
(n) or numeraire is the Natural Gas IGCC
technology. The superscript E refers to the
electricity sector.

Substitution equations for new technologies:

e ~
S . da9S0s. S SRR
(2

where S is market shares in new investment.
Marker technology:

E E
S nt 1 S it 1 3)
i
Investment:
ItE DtE DtEl nUrI;:t 1 i iuiiE 1 (4)
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where D, is the demand for electricity at time t and
is the retirement rate of technology i.

Cumulative net investment:

UitE UitEl SutElltEl iUitEl ®)
Ditto, marker technology:
Ur:Et Urllztl Srll_:tlltEl nUrllztl (6)
Cost dynamics:

hE
G G =W WaoG G, o

it 1 WE
t

The ETM sub-model besides the electric system
expansion, it estimates the dispatch of the power
units, providing non-linear solutions as also as in
the electric expansion problem. This considers the
electricity generation cost of the different thermal
units in the form of:

C, a bPR cP’ ®

| |
where P;is the power output of each unit. The
neoclassical cost-optimization modelling approach
faces the same problem (divergence from real
data), when implemented in the estimation of the
mix in the electricity generation as in the electric
capacity. For this reason, historical data is also
used in the dispatch problem in order to consider
the imperfection of markets. But we don’t model in
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detail the causes of this imperfection for the
different regions, e.g. different technical issues,
oligopolistic conditions, speculation of the market,
use of resources for different purposes (use of
water for irrigation, water supply and electricity
generation). In order to catch the effect of market
imperfections (Skytte, 1999), we implement the
economic  dispatch  problem (under any
environmental constraints) for the last 5-10 years.
This shows the divergence with the real data,
which is attributed to a market imperfection factor.

This factor, although it may have different actual
meaning for the different regions, is not
disaggregated any further for the time being, as
this is done in other approaches (Martinsen and
Krey, 2008) to model external factors. Therefore
we consider the historical data as the starting
point for the electricity generation, on which the
different units readjust their electric output based
on the operating (including fuel and carbon prices)
and maintenance costs as the electric demand
evolves.

Figure 4: Market Share of marker technology and technology i (black line) and Rate of Change of Market Share vs
Relative Prices of marker technology to alternative technology i (red line).

Energy demand equations

The energy demand equations For energy
demand, a 2-level hierarchy is being adopted. A
set of aggregate demand equations on annual
data covering 19 fuel users/sectors and 20
regions is estimated and is then shared out
among main fuel types (coal, heavy fuel oil,
natural gas and electricity) assuming a hierarchy
in fuel choice by users: electricity first for
“premium” use (e.g. lighting, motive power), non-
electric energy demand shared out between coal,
oil products and gas. The energy demand for the
rest of the 12 energy carriers is estimated based
on historical relations with the main 4 energy
carriers. All energy demand equations use co-
integrating techniques, which allow the long-term
relationship to be identified in addition to the short-
term, dynamic one. A long-term behavioural
relationship is identified from the data and
embedded into a dynamic relationship allowing for
short-term responses and gradual adjustment
(with estimated lags) to the long-term outcome.
The equations and identities are solved iteratively

for each year, assuming adaptive expectations,
until a consistent solution is obtained.

The economy aggregates, such as GDP, are
found by summation. This enables representation
of the wider macroeconomic impacts of policies
focused on particular sectors, including rebound
effects. These long-run energy demand equations
are of the general form given in equation (1),
where X is the demand, Y is an indicator of
activity, P represents relative prices (relative to
GDP deflators for energy), TPl is the
Technological Progress Indicator, the are
parameters and the errors. TPl is measured by
accumulating past gross investment enhanced by
R&D expenditures (Lee et al. 1990, p. 117) with
declining weights for older investment. The
indicators are included in many equations in the
model, but only those for energy are analysed
here. All the variables and parameters are defined
for sector i and region j.

X5 Jog Ty TRy e TPy 0 @

In the equations, 2,ij are restricted to be
nonpositive, i.e. increases in prices reduce the
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demand. In the energy equations 3,i,j are
estimated to be negative, i.e. more TPI is
associated with energy saving. These parameters
are constant across all scenarios. Further
information on the energy demand equations can
be found on a recent paper (Barker at. al. 2009).
The E3MG model is under development and a
detailed description of the whole model is
expected in the medium term. However,
information on the theory of the model can be
found on several publications (Barker et. al. 2009;
Barker and Scriescu, 2009; Barker at. al. 2006)
and also on the description of the MDM-E3
(Barker and Peterson, 1987,
http://www.camecon.com/suite_economic_models
/mdme3.htm) and E3ME
(http://www.camecon.com/suite_economic_model

s/le3me.htm) models, as all three models share
similar structure and theoretical approach.

2.1 Assumptions

For the purposes of this paper a range of data
updates and technical adjustments have been
made.

Fossil resource costs

E3MG, as a demand driven model, does not have
fossil resources supply curves. Considering recent
projections of global fossil fuel prices (IEA, 2007,
2008), fossil resources costs for coal, oil and
natural gas has been shifted upward. These
reflect long term drivers in rising energy demands
and constrained supplies. Base prices are shown

in Table 1.

Original units 2000 2005 | 2010 | 2015 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050
Crude Oil  |2005%/bbl 31.38 |50.62|57.50|55.00 | 55.00 | 57.50 | 60.00 | 65.00 | 70.00 | 70.00 | 70.00
Gas 2005$/MMBTU 4.77 746 | 6.75 | 6.75 | 7.00 | 7.32 | 7.64 | 827 | 891 | 891 | 891
Coal 2005%/tonne 35.89 |60.48|55.00|55.00 | 57.04 | 59.63 | 62.22 | 67.41 | 72.59 | 72.59 | 72.59

Table 1: Updated fossil resource costs.

Electricity technologies

E3MG has a sub-model for the treatment of the
electric system expansion, as mentioned above. It
includes 28 energy technologies, each of them is
represented by 21 technology characteristics.
These technologies and their characteristics have
been recently updated in order to represent new
options e.g. air capture. A comprehensive revision
of economic and technical data on CCS, nuclear,
wing, biomass and marine technologies has been
undertaken (Winskel et al, 2008). CCS
technologies are considered to account for
capture efficiency (90%).

Transport technologies

E3MG does not have a detailed representation of
the transport system. It has three fuel options
(petrol, diesel and electricity), with biofuels not
being considered. Recent technical developments
from the automanufacturers have been
considered in the modelling by adopting a positive
feedback approach. This means that once the
electric vehicles start penetrate in the market, the
alternative options (e.g. hydrogen vehicles) have
to become much more competitive than the
electric vehicles to penetrate in the market.
Considering that hybrid vehicles are already
market available and plug-in vehicles will enter the
market in the next decade, the transport sector is
moving towards electrification. The penetration of

Proceedings of the 2" International Scientific Conference

new technologies e.g. electric vehicles is assumed
to be made through regulation which forces auto
producers to develop advanced plug-in electric
vehicles. Moreover the penetration of electric
vehicles is modeled to work in favour of certain
renewables. Wind and tidal plants are considered
to increase their capacity factor by up to 10%,
depending on the penetration level of plug-in
electric vehicles. It is assumed that the
electrification of the transport sector will be
accompanied with tariff policies that encourage
cars to be charged during off peak times. This can
lead to a further use of specific renewables, which
have the capability to operate at their maximum
output during off-peak times (e.g. night), but for
technical reasons (the base plants can not be
switched off), the renewables are otherwise
underused.

EU-ETS

For the reference scenario the EU Emissions
trading scheme is imposed with an EU-ETS price
of €20/tCO2 from 2010 onwards in the electricity
and industrial sectors - broadly on EU-ETS Phase
2 coverage. This price level and coverage is
maintained through 2050. The carbon price is
exogenous in the model. Carbon pricing is
considered as one of the policies that are applied
for helping financing energy investments. So, the
carbon price can be considered as a price signal
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required helping towards meeting deep emission
reduction targets.

CO, constraint curve

In contrast with most energy system or general
equilibrium models, emission reduction targets are
not implemented by imposing this target
exogenously in the model. A number of policies
(described in the next session and the discussion
of the results) are implemented at different
strengths and in different timing so as to meet the
targets.

Calibration

Base year 2000 CO,, final energy, and primary
energy calibration has been fine-tuned to exactly
match with calibration sources (IEA, 2008).

3. Scenarios

The E3MG model is run for the G8 80% reduction
target by 2050 compared to 1990 levels and for a
reference case. An important advantage of the
E3MG model is that it is an energy-economy-
environment model of the global economy,
allowing for the global reduction in costs of
technologies if adopted by many countries. The
cumulative investments on alternative
technologies at global level, allow their faster
penetration. Deep emission reduction targets,
such as those examined at this paper, could be
achievable at much Ilower costs when
implemented internationally. CO, reduction targets
are achieved through a portfolio of policies. This is
in contrast with most energy system models or
general/partial equilibrium models which impose a
reduction target exogenously and the models
estimate the marginal abatement cost for meeting
this target. The policies considered in E3MG are:

Carbon price (either through Carbon trading
for the Emission Trading System (ETS)
sectors or Carbon Tax for the rest of the
economy) is implemented. The revenues are
recycled via the following policies.

Incentives for electricity technologies through
revenue recycling. These revenues are raised
from the auctioning carbon permits. This
subsidy is spread across new technologies i.e.
renewables and CCS (excluding nuclear and
hydro).

Accelerated diffusion of electric plug-in
vehicles is assumed through technological

agreements and behavioural shifts in transport
demand.

Revenues raised from carbon permits
auctioning are recycled to energy-intensive
industries in order to incentivize the
conversion to low-carbon production methods.

Carbon tax revenues from households are
recycled via investments in energy efficiency
by providing incentives for improving the
energy efficiency of domestic dwellings and
appliances and for introducing new ones such
as low-emission dwellings and solar
appliances.

Accelerated carbon price increase at an
earlier year e.g. 2020

It should be mentioned that energy efficiency
policies for electricity consumption are considered
as no-regret options (IPCC, 2007), as they lead to
reduction in electricity demand and so reduce the
need for investment in new generation and
infrastructure. Assumptions on the no-regret
options have been based on a recent study
(IEA/ETP 2008), where as can be seen in Figure 5
the energy efficiency policies have negative
marginal abatement cost. These scenarios are
assumed to be implemented first in the period
2010-2020 for all emission reduction scenarios.
Based on the revenues from permit auctioning
that are recycled via investments in energy
efficiency at the consumption side, these
measures can lead to significant demand
reduction even in the medium term.

Moreover the rate at which plug-in vehicles
replace conventional vehicles will affect the mix of
electricity technologies in favour of some
renewables e.g. wind. This comes from the fact
that it assumed that tariff policies are implemented
that encourage plug-in vehicle users to charge
their cars’ batteries at night when the electric
demand is at low levels. Such tariff policies
combined with control systems allow the user to
select when their cars’ batteries will be charged so
as to allow a new peak before midnight and lead
to a more balanced load curve. Such policies
reduce the need for investment in new capacity,
and raise the load factors of the existing
equipment. This works in favour of stochastic
generation, such as wind farms, which normally
have to operate at low levels during the night,
although they could operate at higher output due
to higher wind speeds at that time.
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Figure 5: Marginal abatement cost of different policies, source: IEA Energy Technology Perspectives (IEA/ETP) 2008.

The above scenarios are implemented under the
following main modeling assumptions:

The discount rate is required only in the energy
technology sub-model (10%), for estimating the
net present value of the different technologies.

Penetration of technologies in electro-
production is based on (Anderson and Winne
2007): the theory combines the estimation of
net present value and a probabilistic approach
fro the diffusion of technologies compared to a
marker technology.

Reduction targets are implemented through a
set of polices. These reduction targets are not
set, but achieved via specially designed policy
packages.

International drivers are assumed.

Macro effects are assumed e.g. in energy
efficiency policies the direct plus
macroeconomic rebound effect is considered.

Economy is not treated as being in equilibrium.

Full  utilization of resources (e.g. no
unemployment) is not assumed.

4. Results- Meeting the G8 reduction target

E3MG focuses on the implementation of policies
rather than on the reduction targets. The different
polices interact in a complex way, which can be
analyzed through the non-linear nature of the
E3MG model. Results for the USA and the EU-27
are selected to be presented, as those regions
are representative in the whole analysis. EU-27
constitutes of all major European countries

(Germany, France, UK, ltaly) as sole regions and
other two regions (rest of EU-15 and the new 12
EU countries that have recently entered the
European Union). Although the scenario concerns
reduction efforts for the G8, similar assumptions
for the other two sub-regions of the EU-27 have
been made, as these countries are influenced by
the decisions made at the European level.

CO, Emissions

Figures 6 & 6a provide the CO, emission levels
for the 2 scenarios over the projection period. CO,
emissions for the reference scenario are
estimated to have a small increase compared to
1990 levels for both presented regions. The
increase is observed mainly in the last two
decades 2030-2050, more obviously for the USA,
and is attributed mainly to an increase in energy
demand which is covered mainly from natural gas
either for electric production or for heating
purposes. The energy demand is estimated to fall
in the period 2010-2020 due to current directed
energy efficiency. Then the economic activity
forces the energy demand to be increased, as the
demand and the economic activity are positively
correlated.

The energy demand and emissions level in the
reference scenario is reduced in the medium
term, resulting from the effect of the global
recession. This scenario develops earlier and
ongoing work (Dagoumas et al. 2009) examining
the financial crisis, which outlines some of the
causes of the current crisis and suggests a global
co-ordinated policy response focused on
investment. The financial crisis affects the
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economic activity, the saving rates, the
consumption, the access to the credit and so the
investments leading to a lower economic growth
for the medium term, after the recovery of the
global economy. But in the long term (beyond
2020) the impact of the recession is partly offset
from the policies that have been directed. The
reference scenario considers all structural
changes and investments directed until the mid-
2009, when the scenarios were constructed. The
investments are treated as green energy
investments that lead to tackling the climate
change and also boosting the economy,
(Dagoumas et. al. 2009). However, the reference
scenario does not consider additional long-term
policies or the implementation of further energy
investments, reported in several official
publications in the medium term (IEA WEO 2008;
IEA 2008). Such policies are considered in the
CO, reduction scenario.

At sectoral level, the consumption sectors
(buildings, industry) decrease emissions in the
first decade and later stabilize their emissions due
to the implementation of energy efficiency
measures, while the power sector is the first to
reduce significantly its emissions up to 2035 even
for the reference scenario. Alternative
technologies prove to be competitive to the
traditional ones and dominate almost the whole
system in the carbon reduction scenarios. Crucial
to the results is the emission reduction of the
transport sector, due to the penetration of electric
vehicles and behavioural shifts. As described
above, the shift to electricity in the transport
sector works in favour of some renewables, such
as the wind, the availability of which is significant
in the UK. The transport sector leads to an
important reduction in overall emissions, resulting
also from a behavioural shift that locks in the
energy and emissions reduction resulting from the
higher prices and the regulation. The rebound
effect (Sorrell 2007), i.e. the increase in energy
use arising from the implicit reduction in costs of
energy as a result of energy-efficiency
improvements, is offset by the increase in energy
prices due to the emission trading scheme and
the carbon tax. All the end-use sectors
(transportation, residential, services and industry)
are covered by policies that decrease their
emissions sharply, especially for very strict targets
such as the 80% reduction.

Energy Demand

The above described energy demand functions
predict that the energy demand (Figures 7a & 7b)
will remain almost stable in the period 2020-2030

and then be increased up to 2050 for the
reference scenario, affected mainly from the
economic activity and from the fact that energy
efficiency investments are considered for the first
decade of the examined period. The emission
reduction scenarios are implemented through
increased investments in energy efficiency
measures and also through behavioural shifts with
neutral rebound effect. Such measures lead to a
significant decrease in energy demand by about
50-60% for the G8 80% scenario compared to
1990 demand and even more compared to the
reference demand in 2050. Demand for gas is
increased for both scenarios, while the demand
for oil remains almost stable for the reference
scenario and decreased sharply for the reduction
scenario. The penetration of renewables is
impressive in case of the G8 80% reduction
scenario, which is affected by the international
effort —leading to lower costs-, to carbon pricing
and other measures e.g. regulation — enhancing
the related energy investments and to other
factors e.g. electrification of transport. The
demand for nuclear is considered to remain
almost stable in both scenarios, as it is
considered that there is a concern for energy
safety issues, eliminating its potential to dominate
the market, and a concern on energy security
issues, allowing nuclear to keep a certain amount
in the energy mix for diversification purposes.
The demand for coal is decreased for the
reference scenario, but for the emission reduction
scenario, the political will of the European Union
to support the Carbon and Capture Storage
technology allows coal to keep an important part
of the energy mix, by either new plants or
retrofitting old units. This is not so obvious for the
USA, where the coal demand is decreased even
in the G8 80% reduction scenario, which is
characterized by a higher share of renewables
and nuclear in the energy mix.

The results show that the electric mix can be
diverse which, considering the significant
penetration of renewables, increases the energy
security of the country. This diversity comes from
the fact that the electric system expansion is not
modeled as a classic cost optimization problem,
where once one technology is slightly cheaper
than the others is dominates the system. The
different candidate technologies can penetrate
into the system, by increasing their cost
effectiveness through incentives, learning by
doing and learning by R&D, based on a
probabilistic approach (Anderson and Winne,
2004). This approach considers the market
penetration of the different technologies in the
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history and estimates acceleration factors for
them, allowing them to penetrate at a small or
higher extent depending on their net present
value.

Transport demand is decreased more compared
to other sectors. This is attributed to behavioural
changes and to a shift to electric vehicles through
the implementation of relevant regulation. Electric
vehicles are more efficient compared to
conventional fuel vehicles and their penetration
works in favour of renewables such as wind
resources as they increase their capacity factor.
The significant decrease in the transport demand
is attributed to changes in citizens’ behaviour in
two directions. The first is a positive feedback in
the adoption of the new technologies by the
consumers. This means that once the electric
vehicle become the dominant technology,
alternative options such as the hydrogen cars
have to be cheaper enough and not just
competitive, so as to gain percentage of the
market. The second change is a behavioural shift
of citizens to a different lifestyle by preferring
cycling and public transport, which is considered
as a policy with neutral rebound effect. But for the
time being such policies are not modeled in great
detail within the E3MG model.

Economic results

Carbon permit price (Figure 9) is increased
steadily to a high price. The results show that the
carbon price is not very high (IPCC 2007), when
accompanied with several policies. As discussed

above if the portfolio of policies were implemented
with other priorities e.g. further electrification of
the transport sector and further support on
renewables, then the economic growth would be
higher and the required carbon price lower. It has
to be mentioned that in all scenarios, carbon price
is implemented as a carbon tax or by auctioning
emission permits, which both lead to gains for the
government. These gains were recycled to energy
sector investments. The current Emission Trading
System in EU where the emissions producers get
free permits, have lead to increase in consumers’
prices for electricity but not to significant
investments in alternative technologies for most
countries.

Probably the most important conclusion arising
from this paper is that there exist different
pathways implementing deep reduction targets
that also lead to an increase in economic growth
(Figures 8a & 8b). But this requires that there
exist policies to guarantee that the revenues from
the energy sector or other policies e.g. green
fiscal measures will be recycled to energy
efficiency investments and low carbon
technologies. Once this is ensured, it can be
taken out that revenue recycling can lead to a rise
in economic growth. Figure 8a & 8b show that
consumers’ expenditure and investment is slightly
higher for all G8 80% reduction scenario
compared to the reference scenario.
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Figure 6a: Emissions for the EU-27 in Billion Metric Tons CO2e.
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Figure 7a: Energy demand for the EU-27 in Mtoe.
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5. Conclusions

The E3MG model adopts a hybrid approach. The
aggregate and disaggregate energy demand is
estimated using econometric techniques, allowing
for fuel switching for the 12 different fuel types and
for the 19 fuel users, while the power sector is
simulated using a probabilistic approach which
considers the economic, technical, environmental
characteristics of the power units but considers
also the history. The electric system expansion is
modeled by estimating parameters for the different
technologies based on historical data, which
allows new technologies to gain a share in the
market even when their cost is higher than
conventional technologies. Moreover the dispatch
of the different technologies to meet the electric
demand, although using the cost optimization
approach comparing the penetration of the
different technologies, takes historical data as its
starting point. Both the energy demand system
and the energy technology options are
implemented so as to model market imperfections
which exist in all markets and are not usually
considered in the classical cost optimization
techniques. These market imperfections, resulting
either from socio-political factors or from the
presence of oligopolies that speculate on the
electricity price, cause differentiation in the
electricity mix across countries, and lead in many
cases to significantly different profiles from those
projected from models assuming perfect market
conditions.

The G8 80% scenario is implemented in this
framework, allowing the cumulative investment at
international level for alternative technologies so
their faster penetration provides solutions with a
more diverse electric mix. It is also important to
mention that the emission reduction scenario is
modeled not by imposing a reduction target and
estimating the marginal abatement cost for
meeting this target, but by applying different
policies at different strengths and different timing,
which is consistent with the theoretical
background of the space-time economics adopted
in the EBMG model. The reduction scenario has
been implemented by applying in different
strengths and timing the policies of carbon pricing,
direct investment and revenue recycling in the
form of investments in the power sector,
investments in the transport and other
consumption sectors. The aim was all of them to
have a positive effect, by reducing emissions
whilst maintaining economic growth. This proves
to be the most important conclusion of this paper,
that there exist several portfolios of policies that
can have large emissions reductions and also

help the economy to grow. This finding is in
contrast with those from many models predicting
that energy investments will have an important
negative effect on the economic growth, deriving
from the assumptions in the neoclassical
approach of full employment (so that there are no
extra resources available to produce extra output)
and of optimization of the baseline economy by a
central planner (so that any shift away from the
optimal solution will reduce GDP). But it is
consistent with recent political decisions at EU,
USA and Japan to invest on green technologies
and infrastructure so as to boost their economies
out of the global recession.

The power and the transport sector show the
highest decrease in emissions and so constitute
the most critical sectors for meeting deep
reduction targets. The decarbonisation of the
power sector happens in two directions: in the
replacement of conventional units with gas,
nuclear or CCS plants and in the further
penetration of renewables. The extent and the
timing of the incentives for these technologies are
critical. Renewables penetrate at levels lower than
50%, based on the assumptions on technical
restrictions. Recent research work under the IEA
on the penetration rates of renewables suggests
levels up to 40% (Holttinen et. al. 2006) due to
stability and power quality issues. But the
electrification of the transport sector allows an
increase of the capacity factor of stochastic
renewables such as wind, if accompanied by the
proper tariff policies. So their penetration level in
the electricity production has been allowed up to
50%, generated mainly from wind farms and
secondly from biomass, marine and solar plants.
In all scenarios the model produces solutions with
higher energy diversity than expected from a cost-
optimization solution. In that way the model's
probabilistic approach resolves the problem of
energy security.

The decarbonisation of the electric and transport
sectors leads to significant emission reductions
and also maintains economic growth. But it has to
be mentioned that very deep reduction targets
such as the G8 80% target can only be achieved
through stronger regulation, encouraging faster
adoption of new carbon-reducing technologies
and higher investment. This scenario implies a
global technological revolution in favour of low-
carbon products and processes, achieving lower
costs through economies of specialization and
scale. Decarbonising the energy system is a
space-time problem with the different portfolios of
policies becoming preferable depending on the
final and intermediate targets. Achieving the
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stringent 80% target for 2050 appears feasible, adoption of a portfolio of policies including strong
while maintaining economic growth, but implies regulation and high emission permit prices.
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Abstract

The TIMES model is used to analyse a number of future options for policies and measures in order to
study the quantitative effects on the RES development in each of the EU27 countries in view of the
renewable energy targets and emission reduction targets set for 2020. Four alternative scenarios are
examined, namely the Business as Usual Scenario, the RES Reference Scenario where the target for
renewable energy sources per Member State and the corresponding targets for CO2 emission in 2020 are
enforced, the RES Statistical Transfer Scenario which includes the statistical transfer mechanism
described in the Renewable Energy Directive and finally the RES-30 Scenario which enforces a 30%
reduction for CO2 emissions over the whole of the European Union.

The results obtained per country for these four scenarios show the least cost allocation of the target per
source of renewable energy and sector of energy consumption. According to these results, on the EU27
level, renewable electricity should account for about 36% of the net electricity production and renewable
input for heat production should account for 20% of the total input for heat production in order to achieve
the target.

1. Introduction
The model and results presented in this paper are

analysis model, in order to analyze the
quantitative effects on the Renewable Energy

the outcome of the project “RES2020” —which was
funded under the Intelligent Energy for Europe
programme. The RES2020 project aims at
supporting the policy debate on renewable energy
strategies in the EU until 2020. The modelling part
of the project focuses on:

Calculating how the targets for renewables as
specified in the Renewable Energy Directive
can be met, given different specific boundary
conditions;

Examining the implications of the different
ways for achieving these targets to the
European Economy.

Future options for policies and measures are
studied with the use of the TIMES energy systems

System (RES) development. The results are
combined to provide recommendations of optimal
mix scenarios for policy measures, in order to
ensure the achievement of the targets.

TIMES (an acronym for The Integrated MARKAL
EFOM System) is one of the tools developed and
used by the Energy Technology Systems Analysis
Programme (ETSAP 2009) an Implementing
Agreement of the International Energy Agency. It
is an economic model generator for local, national
or multi-regional energy systems which provides a
technology rich basis for estimating the
development of the energy system over a long-
term time horizon. TIMES is defined as a bottom-
up technology rich optimisation model generator,
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with  exogenously defined energy services
demands (ETSAP 2005).

2. The PanEuropean TIMES model (PET)

2.1 Model Description

In the framework of the NEEDS project which was
funded by the 6th Framework Programme
(NEEDS 2008), a model for EU-27, Iceland
Norway and Switzerland was developed, using the
TIMES model generator. In this model the energy
systems of each one of the thirty countries are
modelled separately in detail. The Pan European
Model is then synthesized by allowing trade of
energy commodities among the countries. This
model has been used as a starting point for
building the RES2020 PET model.

The level of analysis per sector of economic
activity in each country, in the Pan European
model (NEEDS 2005), is rather detailed. On the
energy demand side the useful energy demand
per use in the residential, commercial, agricultural,
industrial, and transport sectors is analysed in
detail:

* Residential Sector

The energy service demands that are being
considered in the residential sector are space
heating, space cooling, water heating, cooking,
lighting, refrigeration, cloth washing, cloth
drying, dish washing, other electric uses
(equipment) and other energy uses.
Furthermore three building categories are used
for the demands for space heating, space
cooling and  water heating, namely multi
apartment building, single house in urban areas
and single house in rural areas.

« Commercial Sector

The energy service demands considered in the
commercial sector are quite similar to the
residential sector and include space heating,
space cooling, water heating, cooking,
refrigeration, lighting, public lighting, other
electric uses (equipment), other energy uses.
Furthermore the energy service demands for
space heating, space cooling and water heating
are divided into two building categories, namely
small and large commercial buildings.

« Agriculture

Agriculture is not analysed in detail, but is
represented as a single energy service demand
satisfied by a single technology that consumes a
mixture of fuels.

* Transportation

3.

The transportation sector is analysed into road
and rail transport of passengers and freight,
domestic and international navigation as well as
domestic and international aviation.

Passengers’ road transport is further divided
into short and long distance car transport, urban
busses, intercity busses and motorcycles.
Passenger’s rail transport is further divided into
urban Metro transport and intercity train
transport.

Freight transport is divided into road transport
by trucks and intercity rail transport.

The aviation and navigation are split to domestic
and international, without further analysis of
alternative technologies.

Industry

The industrial sector is analysed in detail
following an initial division into energy intensive
industries and other industries.

The energy intensive industries are: Iron and
Steel, Aluminium, Copper, Ammonia, Chlorine,
Cement, Lime, Glass, Paper. For each one of
these industrial branches a detailed description
of the production processes is being used in the
model.
The industrial branches of other non-ferrous
metals, other chemicals, other non-metallic
minerals, and the remaining industries are not
modelled in detail on a process basis but they
are represented using the same generic
structure with the energy uses of steam,
process heat, machine drive, electrochemical
processes and other processes.

On the energy supply side, the electricity and
heat production is analysed in detail, the
refineries are modelled using a generic refinery
structure and the mining and extraction of
primary energy resources are modelled using a
cost-supply curve.

Electricity and Heat production

The electricity production sector is divided into
public power plants and CHP plants, and auto
production electricity power plants and CHP
plants in the industrial and commercial sector.
Nuclear power plants are modelled separately
as well as discrete heating installations.

The high, medium and low voltage grids are
included in the model, with different type of
technologies being able to produce at different
voltage, modelling distributed generation in this
way. There are also two separated heat grids for
high temperature and low temperature heat.
Primary resources
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The mining of each primary energy resource is
modelled using a supply curve with three cost
steps. Biomass is modelled, but not in detalil
regarding the production processes.

In framework of the RES2020 project, the
NEEDS-TIMES Pan-European model has been
enhanced in the representation of Renewable
Energy Sources.

A more detailed analysis of the availability factors
for wind turbines has been performed using data
from the production of the existing wind parks.
Monthly data for wind power are available from
Union for the Coordination of Transmission of
Electricity (UCTE) and Nordel for most countries
from 2005 onwards. These data are easily
converted to seasonal data following the time
slices allocation used in the model. For all
countries with a significant capacity of wind power
there is a common pattern of seasonal variation of
the capacity factor which is for Winter: 20-30 %,
Fall: 20-25 % , Spring 15-25 %, and Summer: 10-
20 %. Statistics for diurnal variations are available
for a limited number of countries (e.g Denmark
and Greece). Although the average daytime
availability tends to be slightly higher than night-
time availability, it was not recommended to
consider this variation in the model.

Data for installed capacities by the end of each
year are available from European Wind Energy
Association (EWEA) since 2004. At the end of
2006, offshore wind farm installations represented
1.8% of total installed wind power capacity,
generating 3.3% of Europe's wind power. The
largest share of offshore wind capacity is 13% in
Denmark. For countries with coasts to the Atlantic
Ocean and the North Sea the annual availability
factor is set as 40 % with seasonal variations
similar to onshore wind power. For countries in the
Baltic Sea the Finnish assumption of 34 % is used
(RES2020 2008a).

New decentralised electricity production
technologies have been included in the
technology database of the model. These include
CHP power plants and IGCC power plants using
black liquor in the Pulp and Paper Industry, wave
power plants, tidal power plants, and small CHP
power plants using biomass as a fuel.

Further enhancements were made in the
representation of biomass and biofuels in the
model. Regarding biofuels most of the
enhancements are made on the supply side, for
instance on the differentiation of crop types and
waste and residues sources to be used for the
production of biofuels. The basic enhancements
are:

Differentiation of potentials of energy crops
with different costs, taking into account land-
use competition between different crops.

Rape oil as an intermediate product that also
can be imported or traded.

Ethanol production from sugar as well as from
starch crops.

One of the most important issues regarding
bioenergy is the available potential, especially
taking in mind sustainability issues. The main
sources of data for bioenergy are a number of
studies the references of which are presented in
detail in the next section on Data Sources.

2.2 Data Sources

The main source for the base-year energy
balances of all countries of the model is the
Eurostat database provided by the Statistical
Office of the European Communities. The
Eurostat database covers the European Union, its
Member States and its partners, and is organised
under a variety of Themes and Collections, all
accessible free of charge. The section ‘Energy
and Environment’ of this database provides all the
energy flows  (production, transformation,
consumption, trade) for the base-year (2000,
2005), as well as the net installed capacities for
power plants, several technological parameters for
nuclear plants (efficiency, availability, etc.) and
import/export figures. The Eurostat values for
2005 where also used to calibrate the model for
this year.

Table 1 shows in brief the main common data
sources used in the templates to build the country
models. These sources provided either the official
statistics (e.g. Eurostat), or in some cases
provided the defaults values (e.g. the MATTER
database) which were then adopted by the
country modellers to their country situation, based
on country specific data.

For the biomass wuse, the technology
characterisation, the estimation of potentials for
biofuels on the level of individual technologies,
and the renewable heating/cooling is based on the
BRED study (Gielen et al 2000) and ECN'’s
BIOTRANS model (REFUEL 2008).

The sources used for the Renewable Energy
Sources  technology characterization and
corresponding potential are:

Data for Hydropower is an EURELECTRIC
forecast which can be found in:
“EURELECTRIC (2006): Statistics and
prospects for the European electricity sector,
EURPROG 2006”
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Table 1: Data sources for the model.

Sector Data sources
Residential ‘Trends in Europe and North America”.
and The statistical Yearbook of the
Commercial Economic Commission for Europe
2003.
http://www.unece.org/stats/trends/reqi
ster.htm

UN-Demography and Social Housing
and its environment Compendium on
Human Settlements Statistics 2001.
http://unstats.un.org/unsd/demographi
c/sconcerns/housing/housing2.htm

Electricity and | International Energy Agency
Heat Electric Information 2005.
Renewable Information 2005.

Eurostat Data on Installed capacities,
http://ec.europa.eu/eurostat/

Euroelectric
http://public.eurelectirc.org

EuroHeat&Power www.euroheat.org

EIA - Energy Information
Administration (www.eia.doe.gov),
electricity and CHP technology

capacites by type (public/auto-
production) and by fuel for all
countries.

Industry ECN- The Western European
MATTER database, for the default
inputs and outputs of energy intensive
technologies.

Transport Eurostat — Transport data
PRIM model of MEET projects (1995
data)

Mining data World Energy Council

Wind data is an EWEA forecast (with good
policies implemented) from the TRADEWIND
project (TRADEWIND 2007).

Data for the potential of Geothermal, PV,
Biogas and Ocean power (Wave and Tidal
technologies) come from the OPTRES
forecast (OPTRES 2006).

Data for the potential of Concentrated Solar
Power come from the EREC/Greenpeace
scenario with good policy implemented
(EREC/Greenpeace 2008).

3. The RES2020 Scenario Definitions

In the framework of the RES2020 project, it was
decided to run four alternative scenarios in order
to examine the achievement of the renewable
targets set by the European Union for 2020. The
scenarios that were elaborated are:

Reference Scenario: where there is no
enforcement of the targets for renewable energy
sources in 2020.

RES Reference Scenario: where the target for
renewable energy sources per Member State and
the corresponding targets for CO, emission in
2020 are enforced.

RES Statistical Transfer Scenario: where the
target for renewable energy sources per Member
State and the corresponding targets for CO,
emission in 2020 are enforced as in the RES
Reference scenario, and the statistical transfer
mechanism proposed in the Directive is also
modeled.

RES-30 Scenario: with the same assumptions as
the RES Reference Scenario, but enforcing a 30%
reduction target for CO, emissions over the whole
of the European Union.

The model runs for the period 2000-2025 in five
year intervals, and is calibrated to the statistics for
2000 and 2005. A brief description of the
assumptions for each of these scenarios follows:

The BaU scenario

The baseline or business as usual (BaU) scenario
keeps close to EU and national policies that are
currently in place (RES2020 2009a).

The RES reference scenario (RES)
In this scenario, the proposed EU policies as
specified in the Renewable Energy Directive have
been implemented. This means:
An overall binding 20% RES objective, which is
allocated over the different member states as in
the Directive
A binding 10% biofuels target.
A 20% greenhouse gas emissions reduction
target, leading to a further overall limitation in
emission rights within the EU-ETS system, and
additional national targets for non-ETS sectors.

The RES Statistical Transfer scenario(RES-T)

The RES-T scenario shares most assumptions
with the RES reference scenario, with one
exception. While in RES reference, renewable
energy can only be traded in physical terms
(electricity, biomass, biofuels), the RES-T
scenario also allows for a virtual trade
mechanism. For all renewable power, heat or
biofuels produced, a ‘certificate’® is generated.

! Note that the Directive formulates this as a target for

‘alternative fuels in transport’. As the bulk of this
target will need to be met by biofuels, we redefined it
as such.

% Not to be confused with ‘green certificates’ as we
know them: these certificates are merely used to
administer renewable energy generation.
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These are used for the accounting to check
whether a country reaches its renewable energy
target. Surplus certificates, however, can also be
transferred between countries. This approach is
consistent with the statistical transfer mechanism
that is foreseen in the Directive. So this scenario
calculates the least cost optimised distribution of
the Renewable energy statistical transfers
between the member states.

The RES Climate scenario (RES-30%)

The RES Climate scenario shares also most
assumptions with the RES reference scenario,
with one other important exception. While in RES
Reference, the climate policy target is a 20%
reduction of greenhouse gas emissions by 2020,
the Climate scenario sets this at 30%. This is the
ambition of the EU, provided that the Copenhagen
agreement will include ambitious reduction levels
for other countries in the World.

Regarding the international oil prices, which is one
of the most important parameters that affect the
model, these are taken from the forecast of the
World Energy Outlook 2008 (IEA 2008).

4. Scenarios Results

The results of the four scenarios defined in the
previous section are presented here at the
aggregate level of EU27. The Final Energy use of
renewable energy per source can be seen in
Figure 1.
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Figure 1: Final Energy use of renewable energy sources
in EU27.
The relative shares of the different non-renewable
energy carriers remain the same across the
scenarios. This means that since oil, gas and non-
renewable electricity are the non-renewable
energy carriers with the highest consumption, in
absolute terms, they also make up for most of the
reductions that result from the policies. The non-
renewable shares in 2000 are also very close to
those of all scenarios in 2020.

The use of renewable final energy is more than
doubled already in the BaU scenario. By 2020, a
renewable policy will have brought in another 30%
more renewables on top of what is achieved in the
BaU scenario.

In the BaU scenario, renewable electricity and
biofuels have the largest absolute increase. The
additional renewables induced by specific targets
is mostly coming from bioenergy, covering more
than 50 % of the additional renewable energy
beyond the baseline.

In the RES-T scenario, slightly less renewables
are introduced when compared to the RES
scenario. In RES, it appears that some countries
introduce more renewables than required by
renewable target alone, possibly induced by the
GHG reduction objective. In the RES-T case, this
‘surplus’ additional renewable energy can be
virtually traded as credits, leading to countries with
less cost-effective renewable energy potential to
meet their target. In short, the RES scenario may
have some surplus RES production compared
with the 20% target, while the RES-T scenario
meets this target exactly.
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Figure 2: Consumption of renewable energy per sector
in EU27.

Figure 2 shows the allocation of renewables use
over the different sectors. In the BaU scenario, the
use of renewable energy sources increases
between 2000 and 2020, especially for the
centralized heat and power production and for the
transport sector. All sectors have at least 15 %
more renewables by 2020 than they had in 2000.
In relative terms, the residential and industrial
sectors have lower shares of the direct use of
renewables in 2020 than they had in 2000.

Renewable policies and climate targets have
further impacts on the use of renewable energy
sources:
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In the RES scenario, the use of renewables is
increased by circa 25% in 2020 compared
with the BaU scenario.

A more stringent climate policy has a contrary
effect, with the share of RES increasing to
circa 28%. This is partly caused by a minor
increase in RES application, but also by a
further reduction in overall energy demand.

The growth in renewables use in the policy
scenarios occurs in all sectors, except in the
commerce and agriculture, which contribute
only modestly.

The industrial sector reacts strongest to the
policies, contributing by more than a third of
the additional renewables (beyond BaU) in all

policy scenarios in 2020.
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Figure 3: Net Electricity production from renewable
energy sources in EU27.

As given in Figure 3, the mix of renewable
technologies in power production is mainly based
on wind, hydro and biomass. Renewable
electricity generation increases across the
scenarios and the structure of this production
across the different energy sources changes
considerably by 2020. In 2000 more than 80% of
all renewable electricity generation was based on
hydro. Since there is little further potential for
increasing hydro power, its production in absolute
numbers remains almost constant and its relative
share decreases to slightly over 30% by 2020. In
all scenarios, wind power is the main renewable
electricity source by 2020, covering about 45% of
total renewable generation in all scenarios by
2020. In the RES scenarios, policies further
increase renewable electricity generation, and
especially generation from wind. Also the use of
biomass for power generation becomes more
important. Other non-hydro sources play a small
role.

Overall, more than 35% of the net electricity
should come from renewable energy, the highest
share of which is due to wind and hydro power
plants.

The introduction of virtual trade of surplus
renewable certificates leads to less renewable
electricity production, at the expense of biomass
and wind®. As mentioned earlier, this seems to be
the result of virtually trading renewable power that
would also be generated in the RES scenario,
simply because it is cost efficient. In the 30%
GHG scenario, there is some reduction in fossil
power generation (particularly coal). Of the total
electricity production from coal power plants, 55%
is produced in plants equipped with CO, capture
and storage. The use of solar and ocean energy
increases in the electricity generation so is the
overall renewable electricity by a small amount.
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Figure 4: Consumption for heat production in EU27.

In Figure 4, consumption for renewable heat
production is further specified. It appears that
renewables are used in the heating sector mainly
due to the renewables constraint; a further
increase in the emissions target does not increase
the use of renewables within the heating sector
and if statistical transfer is allowed, use of
renewables is reduced (implying that it may be an
efficient measure to reach the renewable target, if
it has to be reached domestically). Bioenergy is
the most important source for renewable heat
across the scenarios and timeframes, covering
some 90 % in 2000 and 75 to 78 % in 2020, in all
scenarios. Although the share of bioenergy goes
down, it is still, in absolute terms, the source that
has its use increased the most between 2000 and
2020. Although solar and renewable electricity for
heating also contribute, the additional renewables

% At a national level for some Member-States this is not
the case, but this is the picture for the whole of the EU.
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used due to the policy targets still mainly come
from bioenergy (70 to 80% of the additional
renewables, beyond the baseline, come from
bioenergy in 2020).

The non-conventional fuel consumption in
transport technologies can be seen in Figure 5. In
absolute terms, the growth of non-conventional
transport fuels is significant already in the
baseline; from 2000 to 2020 the increase is almost
seven fold. Additional increases due to policies
are in the range of 25 to 33 % beyond the
baseline

Biofuels provide the largest share of renewables
(with a dominant share of 1% generation over 2™
generation biofuels), while in all scenarios a very
minor contribution of hydrogen is projected. This is
consistent with the general expectation that
hydrogen will start playing a significant role in
transport only after 2020 (HyWays 2008).

An additional greenhouse gas reduction slightly
decreases the use of biofuels, because the total
use of energy in transport slightly decreases and
therefore also the amount of biofuels required for
meeting a 10% mandatory target.
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Figure 5: Non-conventional fuel use in transport in
EU27.
The introduction of renewables aims to the
improvement of energy security, but also to the
reduction of CO, emissions. Figure 8 shows the
CO, emissions from the different sectors in the
different scenarios up to 2020.

In the BaU scenario, total CO, emissions increase
quite modestly, by around 5% over the 20-year
time frame. In the ETS sectors, emissions by 2020
are almost exactly what they were in 2000.
However, the emissions from the non-ETS sector
increase by slightly over 10% during the same
time frame.

In the ETS sector, the reduction in emissions
happens mainly in the power production sector,

where the emissions are reduced by 13%.
Emissions in industry (ETS part) increase at the
same time, resulting to a net change close to zero.
Looking at the non-ETS sectors, most of them
increase their emissions slightly, with the transport
sector showing the highest increase.

In the RES scenario, in which the EU climate (and
renewable) policies are implemented, the power
sector is responsible for at least 55% of the
emission reduction efforts. Other sectors of
importance are the residential sector and industry
(ETS), both contributing about 10 % of the
mitigation needs. Analysing the model results it is
seen that the shadow price of CO, emissions in
order to reach this emission reduction, is around
50 €/ton. The difference between the RES and
RES-T scenarios are almost negligible4, indicating
that virtual trade of excess certificates does not
affect overall CO, emissions. When mitigation
requirements are increased to 30 %, the relative
importance of the power sector increases even
more, its share being now around 65% of the total
reduction. Of the next two most important sectors,
the importance of industry increases with the more
ambitious climate target, whereas the relative
contribution from the residential sector is reduced.
These emission reductions correspond to a CO,
shadow price of 80 €/ton.
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Figure 6: CO, Emissions in EU27.

As was expected, a transfer to an energy system
with more renewable energy and less CO,
emissions comes at a certain cost. Examining the
cost figures in the model results one can see that
in terms of discounted costs, the overall increases
caused by the policies are quite small. The total
discounted system costs increase 0.22% in the
RES-ref scenario, with its RES target and 20%
emission reduction target. With statistical

4 At national level for some Member-States this is not
the case, although true for the whole of EU.
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transfers, this difference is even smaller, some
0.18%. This means that a virtual trading platform
for excess renewable energy, saves 0.04%, or
almost a fifth of the total additional costs of the
RES-ref scenario. If the emission target is made
stricter, the costs are 0.49% higher than in the
BaU scenario. This means that increasing only the
GHG reduction target from 20% to 30%, the
discounted costs are more than doubled
compared with the scenario with a 20% target for
both GHG emission reduction and renewables.
This indicates that the overall marginal GHG
abatement curve is much steeper in the region
between 20% and 30% reduction than in the O-
20% region.

In terms of the costs specifically related to
renewable technologies, the differences between
the scenarios are quite clear (see Table 2). By
2020, the annual costs related to renewable
technologies in the RES-ref scenario are over
40% above the BaU numbers. If statistical transfer
is allowed, less money needs to be spent on
renewables, some 30% more than in the BaU
scenario. If no statistical transfer is allowed and
the more ambitious climate target is pursued,
compared to the BaU scenario over 50 % more
needs to be spent on renewables in 2020. This
fairly moderate renewable increase over the RES-
ref scenario implies that of the further emission
reductions needed, only a part is achieved
through additional use of renewables and also
other technologies, such as Carbon Capture and
Storage (CCS), are implemented more
ambitiously.

Table 2: Investment and O&M costs of Renewable
Energy technologies in 2020.

Scenario
BaU RES-Ref RES-T RES-30
Eﬁlf]tzzooo] 87453 124702 115981 131788
g%sgsi r??;f’z;’f 0.59%  0.85%  0.77%  0.86%

5. Conclusions

A least cost optimisation model has been applied
in thirty countries in Europe, with the possibility of
endogenous trading of physical commodities
(electricity, bioenergy etc), CO, emissions and
statistical transfers of renewable energy use. The
model has been used for the calculation of four
scenarios in order to examine the alternatives of
achieving the targets set by the Renewable
Energy Directive in EU27.

According to the model results, the costs of the
20% renewable energy and GHG reduction
targets are relatively small; the total discounted
system costs increase 0.22% in the RES-ref
scenario.

The application of the statistical transfer
mechanism can lead to moderate changes in
renewable energy production among the Member
States. On average, about 6% of the target in the
EU member states can be met by statistical
transfer from another member state, with some
individual member states fulfilling up to 20% of
their national RES target through this mechanism.
While the amount of trade may not seem very
significant, cost reductions are important:
statistical transfers lead to a reduction of
additional costs for renewables of more than a
quarter, and a reduction of almost one fifth of the
total additional costs for meeting the 20%
renewable energy and GHG reduction targets.
However it must be noted that the concept of
statistical transfer in the directive is implemented
in the model as a virtual trade, including an
equilibrium price, which corresponds to a fully
transparent and open market for statistical
transfers. This assumption might lead to an
optimistic estimate of the cost reductions through
statistical transfer, particularly if this transfer in
practice will be limited to bilateral agreements.

Overall the efforts needed to meet the RES target
of 20% by 2020, are divided to slightly more than
40% in the heat sector, about 40% comes from
power production, while around 15% is delivered
as biofuels. These shares are relatively robust:
neither virtual trade nor higher greenhouse gas
mitigation ambitions change them substantially.
The shares of RES-Electricity, RES-Heat and
RES-Transport are fairly consistent with earlier
studies with e.g. recent PRIMES (Capros et al
2007) and GREEN-X (Resch et al 2008) model
studies. For example, the latter projects a division
between RES-E, -H and -T of 45%, 43% and 12%,
respectively.

The Renewable Energy Sources target is
achieved with renewable energy supplying more
than 35% of the total net electricity production by
2020, almost 20% of the total heat production, and
10% of road transport fuels. These shares do not
change significantly when virtual trade or a higher
GHG reduction target are enforced, and are
consistent with the results of Resch et al (2008).
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Abstract

Republic of Kazakhstan is a Party of UNFCCC since 1995. In 2009 Kazakhstan ratified the Kyoto
Protocol, passed the law “On development of renewable energy sources”, and is developing a new law
“On energy conservation”. On the threshold of Copenhagen 2009 updating Climate Change policy at near-
term and long term outlook is a key feature of general renovated path of country’s development with drive
to low carbon economy. Paper presents the comparative analysis of scenarios of GHG emissions for post-
Kyoto provided with different models, recent renewal which took into account the effects of new state
innovative policy and the crisis phenomena in the world economy and estimation of energy conservation
potential in context of climate change. According to results of modeling and our calculations, 2
emissions in power industry by 2024 will not reach 90% of the base year level, and introduction of energy
efficient technologies gives an even more time in reserve. At the same time more than 40% of all fuel and
energy resources are spent for heating, the considerable share of energy consumption accounts for
housing-and-municipal sector. Thus development of energy conservation in this field is the most actual.
The real potential of energy saving in central heat supply systems is estimated within limits of 6-7 million
t.c.e., or approximately 35% of the actual fuel consumption. Complex approach and portfolio of measures
is necessary to realize the potential effectively. In conclusion: reliable forecasting will help to define post
2012 target and understand how a changing climate will alter the shape of development programmes in
Kazakhstan; the realization of energy conservation options will bring co-benefits and ancillary benefits, will
promote development of energy security and other strategic economic goals. Actions could include
reforming legislation in the field of GHG emissions, tariff policy improvement and energy saving projects
implementation.

Keywords: Climate Change policy

1. Introduction The Climate Change and  Sustainable
o Development (SD) issues are in focus of attention
The Human civilization on the current Stage in Kazakhstan and are integrated into

requires immediate and simultaneous solving a
number of the accumulated problems - ecological,
political, economic, social, scientific, philosophical,
ethical, etc. Herewith, the broader area of
competencies, possibilities, responsibility and

governmental programs. The legislative provision
is the most important supporting component in
transition of Kazakhstan to SD. In 2007
"Ecological code" was accepted, where the
governmental regulation of GHG emissions and

level of affection of this or that state, the more
essential necessity of complex analysis of the
prospects, trends and monitor of changes.
Definitely, solving of the complex global problems
related to Climate Change requires system
approach and coordinated actions of all states on
international level.

sinks was incorporated into Chapter 45, the
“Concept on SD for a period of 2007-2024" was
signed; the “Strategy of Efficient energy and
renewable resources use in the Republic of
Kazakhstan in conjunction of SD up to 2024" is
under consideration of the President, the main
vector of which is certainly a prevention of climate
change impact. The “Law on renewable energy
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resources development support” was accepted in
2009, the “Law on energy conservation” is under
consideration of the Parliament. These and other
documents represent the integration of ecological,
social and economic aspects into national policy
for assistance to sustainable development, in
particular, rational use of energy resources,
ecological clean energy technologies promotion
and energy efficiency improvement. Development
of energy conservation including the field of heat
supply is of special urgency for Kazakhstan.

The Republic of Kazakhstan (RK) as independent
state participates in all UN conferences defining
the future world community development since
1992. Kazakhstan is a Party of the United Nations
Framework Convention on Climate Change
(further — the UNFCCC) since 1995. Kazakhstan
has signed the Kyoto Protocol (further — KP) in
1999 and ratified it at March 2009. Three
important decisions have been made regarding to
the status of Kazakhstan on international level:
according to Marrakesh Accords® upon ratification
of the Kyoto Protocol by Kazakhstan and its entry
into force, Kazakhstan becomes a Party of the
Annex | for the purpose of the Protocol in
accordance with Article 1, paragraph 7 of the
Protocol; according to Nairobi decision, 1992 has
been defined as the base year for Kazakhstan;
according to Poznan decision, Kazakhstan
undertakes the voluntary quantitative obligations
not to exceed emissions level of 1992 during
report period of 2008-2012. In 1998 Kazakhstan
issued the First National Communication to
UNFCC (FNC) and the Second National
Communication (SNC) in 2009 [1].

The reliable forecast of GHG emissions is
important for planning and implementing the
effective mitigation policies and measures in
climate change and adaptation. The analysis of
scenarios of GHG emissions dynamics in 2008-
2012 was important for making decision on KP
ratification and develop strategies how to use the
guota.

In this article we shall present the comparative
analysis of the forecast of GHG emissions
developed in Kazakhstan using different models
such as GGE, ENPEP (in 1998-2004) and
MARKAL (in 2005-2007) with our recent
correction (in 2008-2009) taking into account the
innovation cycles, crisis in economy and
recommendations on definition of the indicative
goal of GHG emissions levels on the prospect and
also on energy conservation measures in context

® Article 4, paragraph 2 (g), Kyoto Protocol

of climate change policy. The results of the
studies will help to define the volume of free quota
for the purposes of its efficient realization while
implementing the international agreements
obligations in the field of climate change.

2. GHG emissions modeling in Kazakhstan
for the period of 1998-2005

GHG emissions modeling in Kazakhstan is being
taken up during more than 10 years, it's possible
to track results since the First National
Communication (FNC) was issued in 1998. The
inventory of GHG emissions for 1990 and 1994
and forecast up to 2020, developed with use of
ENPEP model®, were presented in the FNC. The
first trends of GHG emissions forecast were built
taking into account the existing research works,
expert studies and the main indicators of energy
development Program. In the baseline (Figure 1)
no measures on climate change mitigation were
planned, while in the integrated scenario they
planned to introduce following technologies:
nuclear, wind, solar and hydro energy. According
to the evaluation on the baseline, CO, emissions
will reach the level of 1990 in 2011 and exceed it
by 37% in 2020, and on the integrated scenario
the growth of emissions will make only 20% in
2020 regarding to the level of 1990. The total
annual potential for CO, emissions reduction due
to implementation of all the options ("Integrated
scenario”) considered increases from 3% in 2000
to 11% in 2020.

As it could be seen at the Figurel, scenarios
imitated nearly linear growth of CO, emissions,
pro rata ambitious growth of economy factors, as
a result, level of uncertainty estimated by experts
as 20%, look to be much above.

® ENPEP model, model of the Argonne National

Laboratory (USA).

" First National Communication of the Republic of
Kazakhstan under the United Nations Framework
Convention on Climate Change, Almaty, 1998, ch.4,
page 57.
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Figure 1: CO, emissions for the baseline and mitigation scenarios.

The authors took part in several studies related to
climate change and KP, conducted during 2000 -
2008 within the framework of UNEP, the Climate
Change Coordination Centre, UK, CIDA, TACIS,
REEP, UNDP, JAPAN (NEDO) as well as on
regional, national and sectoral level, in particular
they were involved into the “Development
Program of the United Electric Energy System of
the Republic of Kazakhstan for a period of before
2010 with a prospect up to 2015” (in cooperation
with  institute KAZNIPIENERGOPROM) [2],
Analysis and forecast of the advantages/losses of
Kazakhstan from participation in Kyoto Protocol in
the short-, middle-, long-term prospect (the
analytical report with calculation, on order of the
Ministry of economy and budgetary planning of
the RK [4] and others [5], [6].
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Figure 2: CO, emissions structure from different types
of fuel, scenario 2 ("self-balance") [3].
In 2004 the authors used the Russian experience
of GHG emissions modeling [7]. For description of
the dynamics of CO, emissions for economies in
transition the interfiled economic balance model
was used. Initially it was developed by Gordon

Hughes, it was later reworked by E. Gurvich,
A.Golub and others. Later this model was used for
researches on “National Strategy of GHG
emissions reduction in Russia”. The given model
was complemented with several exogenous
parameters such as GDP structure, energy-
carriers prices, and environment pollution
payments.

The econometric model uses various exogenous
parameters to calculate the share of new
technologies and energy sector structure (fuel
mix). The main model assumption is replacement
of old technologies by new ones after economical
reforms  started. New technologies are
characterized by less use of resources and GHG
emissions reduction. During transaction period old
and new technologies work in parallel.

Since 2005 the resilience factor proposed in work
[71 was wused for revision parameters in
Kazakhstan model. Probabilistic model for CO,
forecast had the following type:

*

CO,'=CO.%( " /100+1)' (1),
Where
CO,' - CO, emissions in t year,;
e - CO;, resilience factor on GDP;
- annual GDP growth rate in percentage.

Energy consumption resilience® per GDP is one of
the fundamental factors of national economy.
Authors calculated and analyzed resilience factors
for Kazakhstan. The following results regarding to
ratio of growth rates of total primary energy supply

8 Resilience factor: growth rate of energy consumption
per GDP (TPES/GDP).
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(TPES), electricity consumption, CO, emissions to
GDP are presented at the Figure 3.

Let us compare the dynamics of GDP and energy
consumption in the RK in 2001- 2006 in the period
of intensive economic growth (GDP growth in
those years was more than 10%). Resilience
factor of electricity consumption in average is 0,3
(at the Figure 3 it is marked by the dotted line). Its
value remained practically constant during 2001-
2006. This demonstrates that economy structure
of Kazakhstan was changing slowly in recent time.

The situation with resilience factor of TPES and
CO, emissions is similar. GDP growth in
Kazakhstan nowadays is not accompanied by the
same energy consumption growth rates as in
soviet times (at GDP growth of 1% energy
consumption growth will make 0,3%).

Kazakhstan » forecast results are presented on
the Figure 4. The forecast trend is made in relative
unit — baseline emissions are estimated as 100%,
base year for Kazakhstan is 1992.

1,2

1 A

0,6 #/\

—e— TPES/ GDP

0,8 A
0,4

—=— CO2/GDP

0

/. Electr/GDP

-0,2
-0,4

-0,6

-0,8 T T

2000 2002 2004

2006 2008

Figure 3: Dynamics of changes of energy consumption growth rates to GDP (TPES/GDP), electric energy
consumption growth rates (Electr/GDP), emissions growth rates (CO2/GDP), results of the authors.

Source: GDP — Data of the Statistics Agency of Kazakhstan, CO,, TPES, Electr - IEA

Figure 4: CO, emissions forecast in Kazakhstan (results of the authors): “with technological progress” (lower path)
and “without technological progress” (upper path). While calculating in the case of innovative scenario “with

62

technological progress” they used resilience factor e= 0,2.
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Two scenarios - "with technological progress" and
"without technological progress" - are presented at
the Figure 4, the International Energy Agency
(IEA) statistics data for 2000-2004 ° was
contributed for comparison. The analysis of the
estimations made in research lets us to make the
following conclusion: according to the scenario
"without technological progress” the emissions
from energy industry will not exceed the level of
1992 by 2014. From the point of view of the least
influence on environment the most profitable
scenario is the scenario "with technological
progress"”, under which supposed emissions from
the energy industry will reach 90% from 1992 level
by 2024. According to the conservative estimation
of the IEA, the data for that time period
corresponded to the baseline  "without
technological progress" (IEA data are marked with
yellow triangles on the graph).

We would like to notice that results of the forecast,
reflected in a number of official documents (e.g.
The First National Communication), have
influenced upon making the political decision on
KP ratification, so additional undertaking research
on GHG emissions modeling was required.

While defining climate change mitigation policy
and measures the countries use expert
conclusions and computer facilities. The following
general facilities were used for energy sector
analysis: the System of the long-term planning of
alternatives in energy sphere (L AP), Standard
Program of estimation in energy sphere (ENPEP),
macroeconomic model of energy distribution on a
market (MARKAL), model of calculation of
expenditures for GHG emissions reduction
(GACMO)™ and others.

The MARKAL™ family of models is among the
most widely used tools in energy-environmental
analysis. Current users of the model total amount
more than 80 institutions in over 45 countries. The
widest current applications are used for the
analysis of policies designed to reduce carbon
emissions from energy consumption. The studies
targeted on safety of the provision after crisis,

o key_stats 2001, 2002,2003,2004, source:
http://www.iea.org/

0 Sixth compilation and generalization of the initial
national communications of the Parties, not included
into the Annex 1 to the Convention. Note of the
secretary *AUXILIARY IMPLEMENTATION BODY.
Twenty third session. Montreal, 2005. source:
FCCC/SBI/2005/18/Add.3

™ For an overview of the MARKAL family, please see
Goldstein, G.A., L.A. Greening, and the Partners in IEA
ESAP, 1999

change the oil prices, mitigation and prevention
fallouts of the acid rains, GHG emissions
reduction or stabilization corresponding to
atmospheric  concentrations. In Kazakhstan
MARKAL has been introduced since 2005.

3. MARKAL KZ is a model for analysis and
forecast of the different sectors of economy
development in the Republic of Kazakhstan

In the course of preparation of the "Second
National Communication to UNFCCC" (SNC) in
Kazakhstan GHG emissions scenarios were
researched by means of MARKAL models, which
we shall consider hereinafter.

Standard MARKAL is a” bottom-up” modeling
instrument using linear programming techniques.
The main method used in design analysis is a
discount cost method. This method is based on
determination of the future costs of the yeart + 1
(Ci+1) as costs of the year t (Cy), enlarged on value
equal to the bank percent rate r [8]:

w1= X(1+r) ()

MARKAL is a tool of the analysis for cost
evaluation on following of the supposed
development policy based on the energy sector
and selection of the optimum measures on
change legislative, regulative and institutional
framework for increasing of efficiency in long-term
prospect. MARKAL-TIMES generates models for
prospective analysis of the future scenarios (not a
forecasting model).

Building the “optimistic” models in Kazakhstan the
parameters of the “Concept of the transition of the
Republic of Kazakhstan to  sustainable
development by 2024" were used, which was
approved in 2006. These parameters are:
reduction of GDP energy intensity twice by 2015-
2020, GDP growth twice by 2015, saving of
annual growth rates of the country’s economy not
less than 10 % by 2012, 12 % by 2018, 14 % by
2024, The “pessimistic” development scenarios
were used as well, as follows, annual growth rate
of the country’'s economy from 5 to 7%. The
results of the calculations are presented at the
Figure 5.

12 A number of indicators of SD in the Concept are too
optimistic (note of the authors).
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Figure 5: CO, emissions by fuel in the baseline scenario (A-MK-BAU) (energy sector of the RK) [9].

Hereinafter authors with group of local experts
used MARKAL modeling tool for baseline scenario
analysis of GHG emissions within the framework
of regional TACIS project [8-9], this research was
important for final determination of the base year.
The 1992 level of 252.9 MtCO, would be reached
by 2018 (see Figure 5). The relation between the
reduction and the cost is explored with the model
by building scenarios accepting new technologies
that have an increasing CO, mitigation cost. The
year, when emissions from fuel combustion grow
back to the 1992 level, is pushed back to 2020 by
using new technologies with the cost below
5US$'2000/tCO,. The average long-term level
gives an approximate estimation of the cost of 70
KZT/'2000/tCO," for the country to achieve the
corresponding mitigation level with domestic
policies and measures. This will occur if we shall
begin to reduce the emissions on 5% immediately
after 2010, this corresponds to GDP early loss
about 0,2% [8] by 2020-2024.

4. Innovative development is a key factor in
the policy of Kazakhstan

At present, a number of new documents to include
RK within the leading developed countries of the
world are being intensively developed. The
Government of Kazakhstan is developing a
program on forced industrial-innovative
development of the republic till 2014 by December
1, 2009, which will be based on provisions of the
documents: "Strategies of Industrial-innovative
Development for 2003-2015", "30 Corporative
Leaders of Kazakhstan". Large-scale use of

30,6 USD at the rate as it was in 2000

innovation in the economic activity is becoming
one of the main sources of increasing
competitiveness and sustainable economic growth
in the modern world.

The oil-and-gas sector remains to be a locomotive
of our economy, which makes the greatest
contribution into the wealth of the country. In the
chain of added costs, the greatest profit is
received by the companies that use the
technologies of high raw material processing.
Optimization of innovative technology choice in
the field of polymeric material is considered by us
in work [9]. It should be mentioned that considered
projects with innovations have associated
advantages: reduction of pollutants and
greenhouse gasses discharges.

At present, projects in the field of heat supply are
being realized, so use of foampolyurethane and
other modern materials instead of mineral cotton
wool as heat insulation at laying of heat pipelines
allows reducing general heat losses at its
transportation in the condition of Kazakhstan from
producer to consumer from 30%-40% to 2%-4%,
annual saving of fuel reaches 20-25% [10] that is
correlated with the graph, provided in Figure 8
(refer to below).

Totally, 382 projects of the total cost of 9.5 trillion
tenge (the current rate is 150 53KZT/$1) are being
implemented and developed in the country within
the framework of the plan on industrial-innovative
development under the supervision of the
government, along with that it is planned to
employ 59.2 thousand people. Of which 37
projects are defined as breaking out ones in the
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Figure 6. Japanese model with use of two resilience values 0.2 & 0.3.
Source: Summary of Annex V (1993-1995) April 1997, ETSAP-97—1 http://www.etsap.org

total amount of 6.5 trillion tenge employing 11.4
thousand people“. They are being implemented
within the framework of the program on "30
Corporative Leaders of Kazakhstan", new
technologies and the directions of the
development are being searched for, the
international experience in the field of energy
efficient technologies in the field of energy should
be used.

In 2009, IEA prepared a special report [11]
comprising integrated and detailed analysis of key

technology concerning future energy development.

The analysis shows that energy generation
without CO, emissions (due to the application of
the technologies on its catchments and disposal),
use of renewable energy sources and in the
countries, where it is possible, use of atomic
energy, will be of great importance. The scenario
analysis shows that global CO, emissions may
returned to the present level by 2050, and oll
consumption growth may be half reduced, energy
efficiency is of paramount importance to achieve
such results. It is stated in the conclusions that

more sustainable energy of the future is attainable.

Immediate steps on research work incentives,
demonstration and introduction of perspective
technology; introduction of clear and predictable
measures on promotion of technology with low
CO, emissions and diversification of energy
sources are required.

These findings are also confirmed by the studies
made in different countries of the world, so impact

14 Astana. 2009. INTERFAX- KAZAKHSTAN, source:
http://www.rfca.gov.kz/

of scenarios with technological innovations on
CO, emissions reduction in the energy and
economic changes and measures were
considered in Japan. In spite of appreciable
contribution of economic regulation in the
achievement of goals on environmental protection,
CO, emissions were considerably reduced due to
exactly technological changes within the energy
system, refer to Figure 6. The MARKAL model,
which was interconnected with MACROEM macro
economic economy model, was used for making
the studies.

5. Correction of trend considering crisis

The persons making decisions at a planning stage,
both on the regional and the national level must
constantly assess potential possibilities and
threats. So, analysis of the environment allows
choosing a right direction in the condition of the
restrictions created at the international market.

The history of human civilization development was
always accompanied by crisis. In early ages that
was expressed in insufficient food stuff production,
and since the middle of thel9th century - in the
loss of the balance between demand, which
decreases because of population solvency
reduction, and in continuing production of goods,
products of public consumption and services. New
situations connected with reduction world
economy growth pace, certainly, will influence the
policy in the field of climate change.
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Figure 7: Analysis of GHG emissions scenarios in RK taking into account innovative cycles and the crisis phenomena

in the economy of

Experts have defined three main sources, which
made the greatest contribution into GDP of RK:
external loans, incomes from export and money
mass. Along with that, an economic metrical
model designed in the course of studies, has
revealed that 80% of GDP increase in those years
was achieved due to attraction of external credits.
So, each $1 milliard borrowed abroad enlarged
GDP of the country by $915 million at the
average . In this case deficit of economy
financing could be filled due to export receipts
from sale of resources, which previously provided
only 8.9% increase of GDP, since the bigger part

was allocated for the National Fund establishment.

However, at present the prices for the main raw
material goods have fallen and, as effect, income
of Kazakhstan from export has decreased.

We suggest considering energy efficiency as one
of the directions of financing searching, as
sources - a budget and international ecological
funds. It is expected that considerable means will
be attracted after ratification of the Kyoto Protocol
by Kazakhstan. At the 21 plenary session of the
Foreign Investors Council held on June 12, 2009
the President of Kazakhstan stressed "that
ratification of the Kyoto Protocol provides for us
new possibilities in the filled of energy efficient
technology development that will allow attracting

> Business Forum. “Searching for Panacea”
International Business Magazine

KAZAKHSTAN #5/6, 2008, http://investkz.com/

.Source: Authors’ calculations using MARKAL Kz model

up to 1 milliard dollars of investment" 3o,
raising of RK market attractiveness at low risks in
the economy is very timely.

Fundamental macro economical analysis is very
complicated. In most cases it is impossible to take
into account all factors making impact on the
market. That has been demonstrated by the
current moment - nobody could describe a real
threat of the expected crisis and even assess it
because of uncertainty of the information. The
potential impact of the world crisis on the
economy and on the calculated level of GHG
emissions in Kazakhstan was not taken into
account in calculations used at SNC scenarios
development. In this connection, analysis of GHG
emissions considering crisis and introduction of
innovative technology is to the point, particularly
before Copenhagen 2009.

The authors made analysis of situational CO,
emissions scenarios taking into account crisis
phenomena in the economy and innovative cycles
making essential impact on GDP growth and the
whole economy as a whole. Corrections of
forecast greenhouse gasses trends were
introduced into the model designed with use of
MARKAL KZ instrument according to the
experience of Japan (refer to above) and the data
received from SNC compared. We have
considered three scenarios for comparison: “BAU
SNC”, “BAU author” and “Innov author” (refer to
Figure 7).

16 24.06.2009 / policy: www.eco.gov.kz, 23 June
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Figure 8: Dynamics of GHG emissions from the municipal housing sector of RK at different development scenarios
using MARKAL model [11].

The scenario (BAU SNC) corresponds to the basic
scenario presented in SNC, it is designed on the
basis of data in table 1.1, Fig. 3.3, fig.4.6 and raw
data on emission inventory 2005". According to
SNC the level of GHG emissions from energy
sector must reach the level of the base year in
2012-2014: on Figure 7 this point is shown by an
arrow (<-level1992).

“BAU author” and “Innov author” scenarios were
designed by the authors in 2005, provided in
Figure 7, and were elaborated in 2007 using
MARKAL, a forecast trend was corrected in 2008-
2009 taking into account the crisis phenomena in
the economy, as follows: (BAU author) -
considering innovative cycles, but (Innov author) -
with use of the best technology.

There is no GHG emissions growth in accordance
with the scenario (BAU author) in crisis years -
2008-2010, also GHG emissions growth is not
expected in the period 2018-2020, moderate
emissions growth by 1% per annum is expected
after that, in this case GHG emissions in the
energy sector will reach the level of the base year
in 2028.

' Total emissions of gasses with direct greenhouse
effect in 2005 constituted 243.2 million tCO2-equivalent,
including 196.9 million t of emissions from energy
activity, 15.3 million t from industrial processes, 22.8
million t from agriculture, and 8.2 million t from wastes;
Specific GHG emissions constituted 16 t per capita, of
which 2- 12.4t), total GHG emissions were 29.8%
less than in 1992, SNC page 51).
source:http://unfccc.int/national_reports

In case of RK transfer to the way of innovative
development that corresponds to the scenario
(Innov author), stabilization of emissions at the
level of 2016-2019 is expected, after that we shall
reach 260 million tons of CO, at moderate growth
by 0.5% per annum by 2030.

GHG emissions analysis made by us does not
allow agreeing with some conclusions from SNC,
in particular with the fact that at the existing
technology and the general condition of the
branch according to base scenario (BAU SN )
GHG emissions will reach the level of 1992 by
2012-2014, and at introduction of more efficient
technology - by 2024 [1] page 76 SNC and Fig.
4.6, Fig. 3.3 page 51. According to our
calculations, even according to the conservative
basic scenario (BAUautor) emissions from energy
will reach 90% of the base level by 2024 only.
Therefore we propose to define an indicative goal
as follows: - the level of GHG emissions by 2020 -
12% below the level of the base year.

6. Prospects of energy saving in Kazakhstan,
calculations

As it has been mentioned already, energy
efficiency has been incorporated into the official
policy in Kazakhstan as the most optimum way to
achieve energy safety. This problem has become
very urgent in connection with rapid growth of a
number of cities, particularly Astana new capital.
In particular, work on GHG emissions reduction in
the municipal heat supply is being realized and
new technologies are being defined within the
framework of UNDP GEF Project. Under the
Project it is planned to reduce emissions in the
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amount of 150 thousand tons CO, for the period
of 5 years. New laws are being introduced in
Kazakhstan: "On State Support of Renewable
Energy Sources Use", "On Energy Saving ",
changes to the law "On Natural Monopolies” have
been introduced - these measures'® " will allow
reducing GHG emissions in atmosphere for the
period 2010-2024 approximately by 75 million tons
in CO, equivalent substituting power energy from
coal stations".

Integrated introduction of legislative and economic
mechanisms and innovative technology will allow
realizing the existing potential on energy saving,
which is evaluated as 30% in the sector of energy
generation and transmission, and not less than
20% in housing-public sector (ZHKH).

We have made analysis of different scenarios in
purpose of energy saving using MARKAL model.
Let's consider the dynamics of GHG emissions
from the housing sector of RK at different
development scenarios for clarity and assessment
of the capacity from using energy saving
technology, (Figure 8).

We shall not stop on the analysis of each of
scenarios provided in Figure 8, but we shall note
only that on expert level, the potential on energy
saving in district heat supply systems (DHS) is
evaluated within 4,2-4,9 million t.o.e. that
constitutes approximately 35% of actual fuel
consumption at DHS and according to Figure 8
the GHG emissions reduction potential will be 1,0
million tons of CO, in 2020 because of use of
energy saving technologies.

As it has been stated in the report of IPCCC", the
major part of energy saving potential in the sector
of buildings in the countries with the economy in
transition is characterized by negative expenses -
i.e. provides profitable investment possibilities.
The existing barriers restrain active promotion of
energy efficiency, and therefore energy efficiency
improvement will depend on strong policy of the
state and technological progress. Early
investments determine long-term future, and both
international investors and the state should be
attracted for that. To realize the defined tasks, an
integrated approach should be applied in
Kazakhstan, which will allow realizing the existing
potential effectively, more so that realization of

'8 National Report on Human Development 2008,
Climate change and its impact on the development of
Kazakhstan in relation to human development,
Kazakhstan 2008, UNDP, page 32

¥ pccce, Climate Change 2007,
http://www.ipcc.ch/publications_and_data/

energy efficient measures will result in additional
accompanying and associate advantages such as:

o fuel saving (on consumer side),

o reduction of specific fuel consumption (on
producer side),

o reduction of usual pollutants emissions
(reduction of enterprise payments for pollution),

o improvement of environmental quality,

o reduction of population diseases;

o reduction of produced product prime cost at
increasing of their quality.

7. Conclusions

1.Refining of macro economic forecast is an
established practice of the governments of
many countries, depending on the situation
created in the world economy. Modeling of GHG
emissions in Kazakhstan considering many
factors will allow introducing efficient policy at
the national level in the field of climate change.

2.Active participation of Kazakhstan in Kyoto
mechanisms will be rather favorable for the
image of the country at negotiations on entering
in WTO. Financing and introduction of energy
saving projects may be achieved through
realization of mechanisms *° for attraction of
foreign investors.

3.1t is recommended to realize energy saving
potential in relation to greenhouse gasses
emissions through:

- Optimization of an energy consumption
structure trough introduction of renewable
energy sources in the energy balance;

- Revision of the normative base and updating it
in accordance with international standards
promoting energy efficiency measures;

- Attraction of additional investment for
implementation of JI/ CDM projects including
introduction of new cleaner technology,
modernization of the existing equipment for
energy generation and consumption.

4.Preferences or restrictions for definite types of
projects, encouragement of associate
advantages and introduction of discounting or
raising coefficients for projects mostly contribute
to sustainable development”.

2 Joint Implementation (JI), Clean Development

Mechanism (CDM), Emission Trading

2L A. Kokorin, G. Safonov. Is it possible to calculate the
energy development in Russia for future 15-20 years in
order to design a reliable scenario of greenhouse
gasses emissions changes? “World Energy”, issue 4
(63), April 2009.
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5. The economic potential on impact mitigation,
which, as a rule, is higher than the market
potential on mitigation may be reached only at
introduction of corresponding policy and
removal of barriers [12]. Energy saving potential
defined as 30% could be realized in the frames
of innovative scenarios.

7. Even under the worst scenario Kazakhstan will

not exceed the Kyoto quota in the amount for
the period of 2008-2012. The development of
Kazakhstan on the way of technical renovation
also will be accompanied by low pace of GHG
emissions growth. Entering the mechanisms of
the Kyoto Protocol will transform the quotas in a

new resource of economic value. This will
create additional incentives for GHG emissions
reduction on the basis of new technology
(realization of the 3" innovative scenario) so, in
the opinion of the authors the Kyoto emissions
budget will not be an obstacle for economic
development of the RK.

6. A considerable part of Kazakhstan quota for
emissions, according to different forecasts, from
75 to 90% is used by Kazakhstan for its own
needs. The remained part may be sold at the
world quota market or preserved for use in
future budgetary periods following the Kyoto
period (2008-2012). Efficient management of
Kyoto quota requires reliable emission forecast.
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Abstract

The new Directive 2009/28/EC for the promotion of energy from Renewable Energy Sources (RES) sets
mandatory national targets for the overall share of RES in gross final consumption of energy by 2020 and
for the share of RES in transport. The Hellenic target is set at 18%, 11% higher compared to the share of
RES in gross final consumption of energy in 2005. This paper focuses on the most suitable policy mix for
Greece in achieving the aforementioned target. For the determination of this policy mix two research tools
are used, the Green-X simulation model and the multi-criteria evaluation method AMS; the latter is the
combination of the standard AHP, MAUT and SMART methods.The Green-X simulation model is used to
create three different scenarios about Greece regarding policy mixes aiming to increas the percentage of
electricity produced by RES (RES-E). Outcomes of the model along with information from official reports
are used as inputs to the AMS method. The results of the AMS method concerning all scenarios show
which scenario ensures an effective policy framework for achieving the new target. Sensitivity analysis is
used to examine the robustness of the final results. The last session of the paper discusses the results.

Keywords: RES-E, Green-X, AMS, Greece

1. Introduction produced by 2010 using RES and 29% by 2020
(including large hydro power plants), (ii) a biofuel

The new Directive 2009/28/EC for the promotion target is set to 5.75% until 2010 (i) 18%

of energy from renewable sources sets mandatory

national targets for the overall share of Renewable
Energy Sources (RES) in gross final consumption
of energy by 2020 and for the share of RES in
transport. These national targets are consistent
with the 20% share in energy from RES and the
10% share of energy from RES in transport for the
European Community energy consumption by
2020. Furthermore, the Directive establishes a
common framework for promoting energy from
RES regarding statistical transfers between
Member States and third countries, guarantees of
origin, administrative procedures, information,
training and access to the electricity grid for RES.

Particularly for Greece, as an EU Member State,
the main RES targets are now the following: (i)
20.1% of its gross electricity consumption will be

participation of RES in gross final energy use and
10% minimum share of biofuels in transport by
2020 (Directive 2009/28/EC; MD, 2007; NBG,
2008; Coenraads et al., 2008). The
accomplishment of this 18% participation of RES
in final energy use by 2020 imposes the following
minimum secondary targets: (a) wind: capacity of
6 GW in the mainland system and 600 MW in the
non-interconnected island systems, (b) hydro:
capacity of 3.9 GW (including large hydro power
plants (HPPs)), (c) solar (photovoltaic - PV):
capacity of 800 MW, (d) biomass: capacity of 300
MW, and (e) biofuels: 10% of final consumption in
the transportation sector (Agapitidis, 2009; ELKE,
2009). The 18% target is also equivalent to
approximately 35% of total national electricity
production (Tigas, 2009; ELETAEN, 2008).
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This paper focuses on the identification of the
most suitable policy mix for Greece that will
facilitate the achievement of the aforementioned
18% target. For the determination of this policy
mix two research tools are used, the Green-X
simulation model and the multi-criteria evaluation
method AMS. Details about the two tools and the
whole approach are quoted in Section 3. The
scenarios and their evaluation are discussed in
Section 4. Section 5 includes the discussion of the
outcomes and the respective policy
recommendations based on them.

2. The Hellenic policy framework

A. Legislative framework

The new Directive is not yet integrated into the
Hellenic legislative framework. The power
generation from RES and co-generation of heat
and power is currently regulated by Law 3468/06
regarding “Electricity production from RES and
Co-generation of Heat and Power (CHP) high-
efficiency plants and other provisions”. This law
integrates Directive 2001/77/EC for “the promotion
of power generated from renewable energy
sources in the national legislation” (CEC, 2001).
Additionally to this law the following regulations
and decisions have been issued: (i) regulation to
permit electricity production from RES and CHP
high-efficiency plants (Governmental Gazette B
448/3.04.2007), (ii) Ministerial Decision regarding
the type and the content of contracts for the
purchase of RES-E (Governmental Gazette

1442/02.10.2006 and Governmental Gazette B
148/06.02.2007), (i) Ministerial Decision
regarding the procedure of issuing permits for

installation and operation of electricity power
plants using RES (Governmental Gazette B 1153;
KEPA, 2009; MIA, 2008).

B. Production

Primary energy production from RES was 1793
Mtoe in 2006 corresponding to a 5.7% share in
the national gross inland consumption (Eurostat,
2008a,b; 2009). Energy production from RES was
7.2 TWh in 2007 — including 4.5 TWh from large
hydropower plants — (corresponding to 12% share
in total energy production) and estimations refer to
8.6 TWh in 2008 (equivalent to 8.6% of total
energy production in 2008) (DEI Renewables,
2007; Coenraads et al., 2008).

Based on recent past performance and the current
installation schedule, it is estimated that by 2010 a
further 600-650 MW will be installed, primarily in
hydropower and wind (ELKE, 2009). The total
potential for CHP is more than 700 MW in the
industrial sector and 100-300 MW in the services
sector under current CHP policies according to
estimations of the Hellenic Association for the Co-
generation of Heat and Power (HACHP, 2009).

C. Production

The cost for the installation of RES is reduced
from year to year due to technology development
and exploitation of scale economies. The most
intensive reduction of the installation cost is
expected for PV. Its production cost is estimated
approximately at €70/MWh by 2020 without any
subsidy, but still it remains more expensive
compared to the price of 1IMWh produced by
conventional fuels (NBG, 2008).

Table 1: RES tariffs according to Law 3468/06. Sources: NBG (2008); RAE (2008a, b); RAE, (2009).

Price in 2006 (€/MWh) Price in 2007 (€/MWh) Pricei n 2008 (€/MWh)
Power generation Mainlan _ Non- Mainlan _ Non- Mainlan . Non-
d interconnect d interconnect d interconnecte
ed islands ed islands d islands
Wind parks 73 84.6 75.82 87.42 80.14 91.74
Offshore wind parks 90 92.82 97.14
Small hyd“’pl\c/l’x;r plants (<15 73 84.6 75.82 87.42 80.14 91.74
Geothermal/Biogas/Biomass 73 84.6 75.82 87.42 80.14 91.74
Other REEH?Cr}gnCCyP of high 73 84.6 75.82 87.42 80.14 91.74
Phom"o'ta“}fw""'th*power 100 450 500 452.82 452.82 457.14 507.14
peak
Ph°t°"°'ta'c}fv‘(,"'th power >100 400 450 402.82 402.82 407.14 457.14
peak
'i't':”'f’s'iﬁ;hsglga:n’;?g;ovg'ﬁﬁ' 250 270 252.82 272.82 257.14 277.14
e
RES, other than photovoltaics, 230 250 232.82 252.82 237.14 257.14
utilising solar energy >5 MW,
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Table 2: Type of subsidy.

. Geographical zone
Type of subsidy A B C
Capital subsidy 20%** 30%** 40%
Tax exemption 60% 100% 100%

** The subsidy percentage for investments in wind and solar power is increased in Zone A by 10% for intermediate
(with turnover between 10 M€ and 43 M€) and by 20% for small enterprises (with turnover less than 10 M€) and in

Zone B by 10% for intermediate and small enterprises.

Energy produced by RES is purchased by the
Hellenic Transmission System Operator (HTSO)
in favorable price. Table 1 shows the tariff prices
for the last three years.

Producers select between two types of subsidies:
Capital subsidy: it covers separately or in
combination the cost of the investment plan,
the leasing cost, and/or the labour cost for a
period of two years.

Tax exemptions up to a certain percentage of
the credits of the first operational decade.

Subsidy percentages differ depending on the type
of RES and the geographical zone (Table 2). Zone
A includes the Prefectures of Attica and
Thessaloniki (excluding the industrial areas and
the islands of these Prefectures that are included
in Zone B). Zone C includes the Prefectures of
Eastern Macedonia and Thrace, Peloponnese,
Epirus, West Greece and the islands of North
Aegean. Zone B includes all the remaining areas.
The investment has to be self-financed at least by
25% (NBG, 2008).

3. Methodology

The Green-X Simulation Model - Deriving optimal
promotion strategies for increasing the share of
RES-E in a dynamic European electricity market -
was the core objective of the Futures-e project
(EEG, 2006). The model can be used for each EU
Member State individually or for any group of
them. It allows the economic assessment of
different policy instruments, which are oriented to
the increase of the RES-E penetration, based on
minimisation of generation costs and reduction of
producer profits so as to avoid the transfer of
costs to consumers. It also takes the relative EU
legislation into account (Huber et al., 2004a).

In this paper Green-X is used for developing
scenarios about Greece based on already
implemented and on selected RES-E policy
instruments.

The simulation period extends from 2006 up to
2020. Two basic choices constitute the first steps,
which need to be done when the user starts
working with Green-X. The first is named country

specific scenario option and concerns three
different possibilities regarding the development of
the prices for fossil fuels. The second is named
technology specific scenario option and concerns
the removal or not of the non-economic barriers.
Regarding the first option a moderate price was
selected for all scenarios following the price
projections of the World Energy, Technology and
Climate Policy Outlook (WETO) (Huber et al.,
2004b). The moderate price also includes a
constraint of 15€/t-CO, for the tradable emission
allowance (Faber et al., 2007). The case of not
removing non-economic barriers has been
selected for the second option.

Some of the scenario results constitute the inputs
of the multi-criteria evaluation method AMS, which
is the combination of three standard multi-criteria
methods: the Analytical Hierarchy Process (AHP),
the Multi-Attribute Utility Theory (MAUT) and the
Simple  Multi-Attribute  Ranking  Technique
(SMART) (Konidari and Mavrakis, 2006; 2007).
AMS was developed for the evaluation of climate-
policy instruments; with suitable modification, it is
used for evaluating their interactions as well. The
AHP procedure provides the values of the weight
coefficients of the criteria /sub-criteria. The other
two (MAUT and SMART) provide the normalised
grades for the performance of instruments under
the selected criteria/sub-criteria. The MAUT
procedure is used when the user of the method
has available and credible data for all the
evaluated instruments and under the same
criterion/sub-criterion, while the SMART
procedure when the user, due to the absence of
data, uses his/her own judgement or the opinion
of experts. Table 3 shows the grades that
correspond to the experts assessments when
using the SMART procedure (Konidari and
Mavrakis, 2007).

The method consists of four basic steps. First
comes the creation of the criteria-tree. Second is
the determination of weight coefficients for
criteria/sub-criteria. Third follows the grading of
the performance of the instrument under a
criterion/sub-criterion. Finally, the fourth step
concerns the collection of the previously produced
grades and the formation of the aggregate grade
for each evaluated instrument. Consistency and

Proceedings of the 2™ International Scientific Conference 73
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece



robustness tests are performed within the relevant
steps.

For the first step the criteria-tree has already been
defined and is used in this paper as it is defined in
previous applications (Figure 1) (Konidari and
Mavrakis, 2006; 2007).

The criteria-tree is presented in Figure 1. The
second step regarding the determination of the
values of the weight coefficients for the
aforementioned criteria/sub-criteria has already
been done in previous work (Konidari and
Mavrakis, 2007). The values are presented in
Table 5. The consistency test was also performed
for these weight coefficients with very good results
(Konidari and Mavrakis, 2007).

The third step will be presented analytically in a
following session. For the fourth step a grade
(commonly measured performance) - determined
in the third step - of the assessed instrument for a
certain sub-criterion is multiplied by the respective
weight coefficient of the sub-criterion. All products
(concerning all sub-criteria) are added and form
the grade of the criterion that is supported by the
sub-criteria. The sum of these products is the
grade of the policy instrument under the criterion.
This criterion grade is multiplied by the respective
weight coefficient of the criterion. All new products
are added and form the final grade, which
expresses the effectiveness of the evaluated
instrument.

Figure 1: The AHP hierarchy.

Table 3: Assessment for the instrument under a sub-criterion.

Grade GraQe
Assessment of performance by DM equivalent to
MAUT scale
Null 0 1
Slightly more than null, less than very 1 158
bad
Very bad 2 2.51
Bad 3 4.01
More than bad, less than moderate 4 6.25
Moderate 5 9.98
More than moderate, less than good 6 15.81
Good 7 25.05
More than good, less than very good 8 39.69
Very good 9 62.88
Excellent 10 99.62 100
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4, The scenarios and their evaluation
4.1. Green-X scenarios

The simulation runs up to year 2020 for all the
developed scenarios and for the RES
technologies that are mentioned in Law
3468/2006. The large scale HPPs are excluded,
since they are not included into the FIT support
scheme of this Law. The solar thermal technology
is also not included in the scenarios due to its very
low penetration percentages (Agapitidis, 2007).

The electricity generation concerns only that of the
mainland, since it represents more than 90% of
the Hellenic electricity generation (RAE, 2008b).

1* scenario: Business As Usual (BAU)

This scenario is set up so as to reflect the
situation due to the implementation of Law
3468/2006. For the first three years of simulation
— 2006, 2007 and 2008 — the FIT prices for RES-E
used in Green-X are those presented in Table 1.
Starting from year 2009 FITs follow an annual
increase of 2%, a typical increase as assumed in
similar developed scenarios (Capros et al., 1999).
The FIT prices of PV technology are used for the
time interval 2009-2014 as they are mentioned in
Law 3734/2009 (Governmental Gazette 8/28-01-
2009). PVs are the only type of RES for which
FITs decrease, starting from year 2010. More
specifically for the time period 2015-2020, these
tariffs are decreasing by 9.5% annually, an
average decrease for the previous time period
2009-2014. Additionally, these prices concern PVs
with power less or equal to 100 kWp, since they
represent the majority of the pending applications
submitted to RAE (NBG, 2008).

The investment subsidy was selected at 30% for
all RES technologies as the average value of the
three types of subsidies that are applied (Table 2).

2" scenario: Improved BAU (Im-BAU)

The configuration of the FIT scheme remained as
it was in the first scenario. The investment subsidy
was selected now at 50% for wind and PV
technologies for the time period 2010-2020. This
assumption was based on the fact that these two
types of technologies have higher percentages in
energy production and in total installed capacity
compared to those of other RES technologies as
mentioned in Section 2 (Agapitidis, 2009).
Additionally, the investment interest is mainly
expressed for wind power and PVs. A wind power
of 854 MW is already installed, 3475 MW have
secured a preliminary environmental approval,
while 2900 MW in the mainland have already
connection offers (RAE, 2008a; HTSO, 2009). A

study of HTSO/RAE/CRES and the National
Technical University of Athens showed that by
2012 under  the appropriate technical
requirements wind power of 5500 MW could
operate covering 18% of the total consumption
(RAE, 2008a; MD, 2008a, b). Furthermore, the
increase in the investment subsidy constitutes an
additional incentive for exploiting the considerable
wind potential of the country.

The investment subsidy for the PV technology
aims to the long-term decrease of generation
costs through a production increase.

3 scenario: Quota obligation for all RES
technologies (Q-RES)

The policy instrument is changed in this scenario.
FITs are implemented only up to 2012. After that
year and for the last eight years of the simulation
period quota obligations based on TGCs are
applied for all the RES technologies and the four
CHP cases (biogas, biomass, landfill gas, and
sewage gas). This change was made in order to
realize the performance of a supporting scheme,
consistent with Directive 2009/28/EC, which
encourages cooperation mechanisms between EU
Member States at all levels, bilaterally or
multilaterally (Directive 2009/28/EC). TGCs are
standardised, i.e., they can be traded
internationally without any additional burden
(Faber et al., 2007). Consequently, the possibility
of International trade is set to Yes regarding the
settings of the Green-X model.

Tendering schemes were not selected since FITs
are the most common promotion measure for
RES-E followed by the quota obligation system
with TGC. Tender schemes play a minor role and
as aforementioned, are less successful (Brick et
al., 2009; Bohringer et al., 2006).

Taking into account the targeted 35% contribution
of RES to the total electricity generation and the
fact that large-scale HPPs are excluded, the quota
obligation percentages were set up as follows:
20% of total production for the year 2013, 21% for
2014, 22% for 2015, 23% for 2016, 24.5% for
2017, 26% for 2018, 27.5% for 2019 and finally
29% for the year 2020. Plants constructed after
1999 are included, because that year Law
2773/1999 on “Liberisation of the electricity
market - Regulation of energy policy issues” was
set in force.

The period of certificate validity was set up here to
ten years, based on cases of other countries
(Belgium, Italy, Poland, Romania, Sweden, United
Kingdom) that are included in the Green-X model.
The penalty amount was set up to €173.5/MWh.
This figure was selected due to the following
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justification. 11 out of 13 technologies, which
participate in this quota obligation scheme, have a
FIT of €86.75/MWh in 2012. The two exemptions
are the FIT for wind offshore, which is
€105.15/MWh and that for PVs at €364.55/MWh.
Since these two technologies constitute a
percentage of 3.47% in year 2012, they were not
considered in obtaining a FIT average. The price
of €86.75 has been considered as a FIT average;
this price was doubled according to the
aforementioned characteristics of this scheme
(Huber et al., 20044, b).

Finally, the investment subsidy remains at 30% for
all RES technologies except for biogas, landfill
and sewage gases and PVs. In order to promote
these non-mature technologies a gradual increase
of the subsidies has been applied as following:
50% investment subsidy for the years 2013, 2014
and 2015, 40% for the years 2016, 2017 and
2018, ending up to the overall subsidy percentage
of 30% for the last two years of the simulation
period. This gradual decrease of the subsidy
increase was used taking into account that these
technologies are becoming less non-mature from
year to year.

Results of Green-X scenarios
As shown in Table 4 the Q-RES scenario allows
the higher RES penetration, though the

differences are small compared to the other two
scenarios. Regarding the penetration of the
various RES technologies it is worth mentioning
that in the Im-BAU scenario the subsidy of PVs is
effective. In the Im-BAU scenario the PVs have a
1.78% share in the total electricity generation,
while in the BAU scenario 1.07% and in the Q-
RES 1.47%. Additionally, the  biomass
percentages are approximately 8.1% in BAU and
Im-BAU scenarios, while in the Q-RES it is 9.9%.
The wind power (onshore and offshore) has a
share of about 80.28% in the Im-BAU scenario,
78.94% in the Q-RES scenario, while it is slightly
more in the BAU one with 80.85%, regardless that
the investment subsidy remains at 30%. Wind
power is considered as the most mature RES
technology in Greece.

For the rest technologies there is no other
remarkable difference in any of the scenarios. As
shown in Table 4, the extra economical means in
the Im-BAU scenario have a direct effect in the
costs for society, while for the generation costs it
seems that the difference of 0.13% in the share of
RES with the BAU case reduces the total
generation costs.

Although the Q-RES scenario ranks first regarding
the share of RES in the total electricity generation,
it ranks last regarding its total cost for society.

Table 4: Results from the Green-X model.

Results BAU Im-BAU Q-RES
Share of RES in total electricity generation (%) 24.58 24.71 25.01
Total generation costs due to RES (M€/year) 772.48 697.35 805.56
Total cost for society due to all-policy instruments 186.73 32338 2.167.23
(M€/year)

4.2. AMS application

The three scenarios are evaluated as three
different policy mixes against the three basic
criteria of the AMS method. More specifically,
under the first criterion of the environmental
performance, the scenarios are evaluated against
the two sub-criteria that support this criterion.
Their score in “Direct contribution to reduction of
GHG emissions” is calculated with the MAUT
procedure. A linear function y=ax+b is determined
using the respective results in Table 4. The higher
their share is in the total electricity generation, the
higher will be their contribution to the national
effort for reducing this type of emissions. The
scenario with the highest share is assigned with
grade 100 and the scenario with the lowest share
with 0. Indirect environmental effects are

expected, but they are not determined in
quantities nor is there a respective outcome from
the model. The increase of RES-E penetration is
expected to eliminate pollution associated with
electricity services (Resch et al., 2005). Therefore,
the same grades with the previous sub-criterion
are assigned considering these effects
proportional to their direct contribution in reducing
GHG emissions.

The next criterion is political acceptability. Each
scenario is evaluated against each of the five sub-
criteria of this criterion. For cost effectiveness, the
MAUT procedure is used again along with the
estimations of the Green-X model for the total
generation costs due to RES. The scenario with
the lowest costs is the most cost effective. Grades
are presented in Table 5. For dynamic cost
efficiency, there are no available data from the
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Green-X model so the SMART procedure is used.
The BAU scenario is assigned with grade 3 for its
dynamic cost efficiency, Im-BAU with 2 and Q-
RES with 4. The first scenario does not create or
offer options for the promotion of innovative RES
technologies. The wind and PV technologies are
considered “mature” for the Hellenic national
framework, while developments in these
technologies follow with a relative delay those
occurring aboard.

For competitiveness, the three scenarios were
assigned the grades 4, 5 and 4, respectively. A
FIT does not promote competition among
investors and does not lead to reductions in
electricity costs (Brick et al., 2009). On the other
hand, a quota obligations scheme encourages
competition among renewable electricity
generators given that the market is sufficient large
(Brick et al., 2009). The Hellenic market is not
large yet. The Im-BAU scenario received a slightly
higher grade due to the increased investment
subsidy for wind and PV technologies. This
increase improves competitiveness of these
technologies. Particularly for wind power it
improves the current situation as described above.

For equity, the evaluation is based on the third
result of Green-X model (Table 4). Here the
MAUT procedure is used again for assigning the
grades. The scenario with the highest total costs

For flexibility, the grades are assigned with the
SMART procedure. The scenarios received
grades 3, 4 and 6, respectively. The Q-RES
scenario offers a wider range of compliance
options for the target groups (RES producers)
such as subsidies, certificate validity and
international trade cooperation among EU
Member States (Faber et al., 2007). The Im-BAU
offers a higher investment subsidy compared to
the BAU scenario.

For stringency, non-compliance, and non-
participation, the grades were 3, 3 and 7,
respectively. The Q-RES scenario is the only one
that imposes a penalty, while the other two have
no such provisions.

For the third criterion  “Feasibility  of
implementation”, the scenarios are evaluated
against its three sub-criteria. For the first sub-
criterion  “Implementation network capacity”
grades 6, 4 and 3 were assigned respectively to
the scenarios. Under the BAU scenario, the
current structure of the implementation network
has responded sufficiently and problems
mentioned during previous years have been
handled (Mavrakis and Konidari, 2003). The IM-
BAU would need an improved technological
infrastructure and additional number of trained
personnel. The Q-RES scenario will need better
trained and experienced personnel due to the

for society due to all policy instruments is insertion of a new supporting scheme.
assigned to grade 0, while that with the lowest, to
grade 100.
Table 5: Results from the AMS.
Criteria Scenarios
BAU Im-BAU Q-RES
Direct contribution to GHG emission reductions (0.833) | 0.00 30.233 100.00
Indirect environmental effects (0.167) | 0.00 61.905 100.00
Environmental performance (0.168) | 0.00 61.905 100.00
Sub-total from criterion 1 (A) 0.00 104 16.8
Cost efficiency (0.276) | 31.193 100.00 0.00
Dynamic cost efficiency (0.108) | 31.402 19.655 48.943
Competitiveness (0.084) | 27.802 44.395 27.802
Equity (0.359) | 100.00 93.131 0.00
Flexibility (0.118) | 15.382 23.974 60.644
Stringency for non-compliance (0.055) | 12.126 12.126 75.748
Political acceptability (0.738) | 41.568 72.679 16.837
Sub-total from criterion 2 (B) 30.677 53.637 12,426
Implementation network capacity (0.309) | 60.644 23.974 15.382
Administrative feasibility (0.581) | 55.866 35.265 8.869
Financial feasibility (0.110) | 53.054 33.490 13.456
Feasibility of implementation (0.094) | 57.033 31.581 11.386
Sub-total from criterion 3 (C) 5.361 2.969 1.070
Total (A+B+C) 36.038 61.685 30.296
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The scenarios against administrative feasibility are
graded with 6, 5 and 2, respectively. More work
from the part of the competent authorities is
required in the Q-RES scenario due to the lack of
experience for its implementation and to the short-
time period remaining until 2020. The possibility of
international trading due to the TGCc imposes
additional administrative work.

For financial feasibility, the competent authorities
will need less overall costs in implementing the
first scenario. FITs are also considered as easy to
install and with minimal administrative costs (Brick
et al., 2009). The costs will be higher in the Im-
BAU scenario, but restricted since the investment
subsidy concerns only two types of RES
technologies. The costs are higher in the Q-RES
scenario due to the issue of certificates, the
monitoring of compliance and the imposition of
penalties. The revenues due to the penalties are
expected to limit the costs. The assigned grades
are 6, 5 and 3. The final grades of the three
scenarios are presented in Table 4.

The robustness of these results was tested using
sensitivity analysis. Two cases were developed.
First, out of three weight coefficients, one is
increased gradually by a certain percentage, the
second decreases by the same percentage and
the third is adjusted properly to these changes
(case 1). Second, one weight coefficient remains
stable, another increases gradually and the third is
adjusted to these changes (case 2). In all cases
the Im-BAU scenario shows to be superior. The
changes affect, in certain cases, the positions of
BAU and Q-RES. This is attributed to the fact that
the second weight coefficient is more sensitive to
these changes (Konidari and Mavrakis, 2007).

5. Conclusions

The use of both tools Green—X and AMS allowed
the evaluation of the three scenarios. The

References

advantage of using them was that Green-X
allowed the calculation and production of
homogenous data that were used by the AMS. For
the sub-criteria that the Green-X model could not
produce outcomes the AMS method used credible
information for assigning the grades. The flexibility
of the method allows the usage of data and
information.

The evaluation of the three developed scenarios
showed that the Im-BAU scenario is more
effective compared to the other two for increasing
the RES-E penetration in Greece. This scenario
scored higher compared to the other two in the
political acceptability and more specifically in the
cost efficiency and equity. The Im-BAU scenario
allows a sufficient contribution in accomplishing
the 18% target by 2020 and is consistent with the
expected RES distributed technology.

The combination of FITs with investment
subsidies is more effective compared to the quota
obligation scheme with TGCs. This policy mix
allows the promotion mainly of two RES
technologies, wind power and PVs. In all
scenarios, wind power (onshore and offshore) has
the largest penetration, which is justified since this
RES type constitutes the most mature RES-E
technology nowadays in Greece. However, the
effort to promote the PV technology, which has
the highest generation cost, is more effective in
the Im-BAU scenario despite the fact that a
special subsidy for wind power is also applied.
The share of wind power decreases slightly in the
Q-RES scenario, since biogas, landfill gas,
sewage gas and PVs are promoted.

This policy mix is also more cost efficient for the
target groups compared to the other two scenarios
despite the fact that investment subsidies are
higher. It is also financial feasible regarding the
costs that the implementation network has to set it
in force.

Agapitidis 1., 2007, “The perspective of RES in Greece for an intermediary time frame”, presentation (in
Greek) available at: http://old.acci.gr/announce/documents/agapitidis.ppt

Agapitidis, 1., 2009, The role of RES and Energy Efficiency in our energy system, presentation at the
Workshop of ACCI titled “Today’s position and future of electricity in Hellas”, presentation (in Greek)
available at: http://old.acci.gr/announce/DEH_EBEA/agapitidis.ppt

Bohringer C., Hoffman T., Rutherford T.F., 2006, “Alternative Strategies for Promoting Renewable Energy
in EU Electricity Markets”, publication available at: http://www.mpsge.org/qtool/electricity.pdf

78 Proceedings of the 2™ International Scientific Conference
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece



Brick K., Visser M., 2009, “Green certificate trading”, Energy Research Centre, University of Cape Town,
The Economics of Climate Change Mitigation, publication available at:
http://www.erc.uct.ac.za/Research/publications/09Brick-Visser_Green_certificate_trading.pdf

Capros P., Mantzos L., Vouyoukas L. and Petrellis D., 1999. European energy and CO2 emissions trends
to 2020: PRIMES model v.2. Bulletin of Science Technology Society, 19, 474,
doi:10.1177/027046769901900604.

CEC (Commission of the European Communities), Directive 2001/77, “ n the promotion of the electricity
produced from renewable energy sources in the internal electricity market’, document available at:
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2001:283:0033:0040:EN:PDF

CRES (Center for Renewable Energy Sources), 2009b, “Energy exploitation of biogas”, presentation by
Zafiris Christos during the Conference on “Energy exploitation of biogas”, presentation (in Greek)
available at:
http://www.cres.gr/kape/publications/pdf/big_east/06_C.%20Zafiris_BiGEast_Presentation.pdf

Coenraads, R., Reece, G., Klessmann, C., Ragwitz, M., Held, A., Resch, G., Pantzer, C.,
Konstantinaviute, 1., Chadim, T., 2008. Renewable energy country profiles, Final version February 2008,
part of project PROGRESS, Contract no.. TREN/D1/42-2005 /507.56988. Available at:
http://ec.europa.eu/energy/renewables/doc/progress_country_profiles_february 2008_final.pdf.

DEI, Public Power Corporation, 2008, Press release (in Greek), available at
http://www.dei.gr/lecPage.aspx?id=4856&nt=18&lang=1

DEI S.A. Renewables, 2007, “RES: Situation and position and of DEI S.A. Renewables”, presented by Dr.
Anastasios Garis, Nafplio, December 17, 2007

Directive 2009/28/EC, document available at: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:010:0025:0026:EN:PDF

EEG, Energy Economics Group Vienna University of Technology, 2006,“Futures-e, Deriving a Future
European Policy for Renewable Electricity”, futures-e project description available at: http://www.futures-
e.org.

ELKE, Hellenic Centre for Investment, 2009; Web Site. (www.elke.gr) and
http://www.investingreece.gov.gr/default.asp?pid=36&sectorID=38

Ernst&Young, 2008, “Renewable energy country attractiveness indices”, publication available at:
http://www.ey.com/Publication/vwLUAssets/Industry_Utilities_Renewable_energy_country_attractiveness
_indices/$file/Industry_Utilities_Renewable_energy_country_attractiveness_indices.pdf

Eurostat, 2008a, “European Economic Statistics”, available at:
http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-30-08-410/EN/KS-30-08-410-EN.PDF

Eurostat 2008b, “Europe in figues, Eurostat Yearbook 2008, ISSN 1681-4789, available at:
http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-CD-07-001/EN/KS-CD-07-001-EN.PDF

Eurostat, 2009. Panorama of energy, Energy statistics to support EU policies and solutions”, ISSN 1831-
3256, at:
http://epp.eurostat.ec.europa.eu/portal/page/portal/product_details/publication?p_product_code=KS-GH-
09-001

Faber Thomas, Haas Reinhard, Huber Claus, Ragwitz Mario, Resch Gustav, 2007, “Linking promotion
strategies for RES-E and for demand-side conservation in a dynamic European electricity market:
Lessons from the EU projects OPTRES, FORRES and GREEN-X".

Governmental Gazette 8/28-01-2009, Law 3734 “Promotion of Combined Heat and Power of two or more
useful energy forms, regulation of issues about Hydro Power Plant of the mainland and other provisions”,
document (in Greek) available at http://www.rae.gr/downloads/sub2/8(28-1-09) 3734.pdf

Governmental Gazette B 1153/ 10-7-2007, Ministerial Decision “procedure of issuing permits for
installation and operation of electricity power plants using RES”, document (in Greek) available at:

Proceedings of the 2™ International Scientific Conference 79
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece



http://www.desmie.gr/up/files/%CE%A6%CE%95%CE%9A_B_1153 10 _07_2007_ADEGAT_ADLEIT_AP
E.pdf

HACHP (Hellenic Association for the Co-generation of Heat and Power), 2009, htpp://www.hachp.gr

ELETAEN (Hellenic Wind Energy Association), 2008, “ELETAEN in the long standing energy planning
2008-2020", document (in Greek) available at:
http://www.eletaen.gr/Documents/laws/protaseis_eletaen_gia_mes.pdf

Hellenic Transmission System Operator (HTSO), 2009, "operating units of RES and CHP along with
connection offer, last update 26-06-2009", (in Greek) available at
http://www.desmie.gr/content/index.asp?parent_id=41&cat_id=1281&page_id=2003&lang=1

Huber Claus, Faber Thomas, Haas Reinhard, Resch Gustav, Green John, Olz Samantha, White Sara,
Cleijne Hans, Ruijgrok Walter, Morthorst Poul Erik, Skytte Klaus, Gual Migue, Rio del Pablo, Hernandez
Felix, Tacsir Andres, Ragwitz Mario, Scheleich Joachim, Orasch Wolfgang, Bukemann Marcus, Lins
Christine, 2004a, “Green-X, Deriving optimal promoting strategies for increasing the share of RES-E in a
dynamic European electricity market”, Final report of the project Green-X, a research project within the
fifth framework programme of the European Commission, supported by DG Research, final project’s
report available at: http://www.green-x.at/downloads/Final%20report%200f%20the%20project%20Green-
X.pdf

Huber Claus, Faber Thomas, Resch Gustav, 2004b, “The toolbox Green-X, results of the model runs”,
report available at: http://www.green-x.at/downloads/Workshop%20-%20Toolbox%20Green-X%20(Huber-
EEG).pdf

IPCC, Intergovernmental Panel on Climate Change, 2001. “Climate Change 2001: Mitigation”,
http://www.grida.no/climate/ipcc_tar/wg3/228.htm.

KEPA, 2009, “Energy View of BSEC Countries — 2008", Energy Policy and Development Centre of the
National and Kapodistrian University of Athens, 2009, Hellenic Aid Ministry of Foreign Affairs of Greece

Konidari P., Mavrakis D., 2006. Multi-criteria evaluation of climate policy interactions. Journal of Multi-
Criteria Decision Analysis, 14, 35-53.

Konidari P., Mavrakis D., 2007. A multi-criteria evaluation method for climate change mitigation policy
instruments. Energy Policy, 35, 6235-6257.

Mavrakis D., Konidari P., 2003. Classification of the design characteristics of emission trading schemes.
European Environment, 13, 48—66.

Ministry of Development, 2009, press release, document (in Greek) available at:
http://www.ypan.gr/c_announce/45_5221 cms.htm

Ministry of Development, 2009b, “The European Union and Hellenic framework and the strategic
promotion of RES and energy efficiency in Greece”, document (in Greek) available at: http://icp-
forum.gr/wp/wp-content/uploads//2009/02/presentation-meeting-62-2009.doc

Ministry of Development, 2008a, press release, (in Greek) available at:
http://www.ypan.gr/c_announce/45_4918 cms.htm

Ministry of Development, 2008b, “Reply to the question of Mr. Skoulas member of the Hellenic
Parliament”, document (in Greek) available at:
http://politics.wwf.gr/limages/stories/political/apantiseis/reply_skoulas_aiolika.pdf

MD, Ministry of Development, 2007, “4th National report for the penetration level of Renewable Energy
Sources by year 2010 (article 3 of Directive 2001/77/EC)”, General Direction of Energy, Directorate of
Renewable Energy Sources and Energy Efficiency, document available at:
http://ec.europa.eu/energy/res/legislation/doc/electricity/member_states/2006/greece_en.pdf

Ministry of Internal Affairs, 2008, “Circular regarding activities of the Electricity Sector”, document (in
Greek) available at:
http://www.gscp.gr/ggpp_cms_files/dynamic/c56706/file/EgikliosHlektEnerg_el_GR.pdf

80 Proceedings of the 2™ International Scientific Conference
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece



National Bank of Greece, 2008, “Publications: Sectoral Report: Renewable Energy Sources”, document
(in Greek) available at
http://www.nbg.gr/wps/wcm/connect/d17dc9804a396f14bf34bf2ff6d6a3b2/text_renewable_energy.pdf?M
OD=AJPERES&CACHEID=d17dc9804a396f14bf34bf2ff6d6a3b2

Pablo del Rio, Hernandez Felix, Gual Miguel, Tacsir Andres, 2004, “Integrated policy analysis of demand
side energy efficiency & CHP, GHG and RES-E schemes in EU-15 countries”, Work Package 3, within the
5th framework programme of the European Commission, supported by DG Research, project’s report
available at: http://www.green-x.at/downloads/WP3%20-
%?20Integrated%20policy%20analysis%200f%20DSM%20&%20CHP%20&%20GHG%20&%20RES-
E%20schemes%20in%20EU15%20countries%20(Green-X).pdf

RAE, Regulatory Authority for Energy, 2008a, “Institutional framework for RES in Greece”, Forum
EnergyRES, publication (in Greek) available at
http://www.cres.gr/kape/publications/pdf/ENERGYRES_08/1st%20session/1.3_Christodoulou_RAE.pdf

RAE, 2008b, “Institutional framework for RES in Greece”, Forum EnergyRES, 03.07.2008, presentation (in
Greek) available at: www.ypan.gr/ape/files/salonica/xaralampidis.ppt

RAE, 2009, “Ministerial Decision about adjustement of RES tariffication”, dated October 30rd, 2008,
document (in Greek) available at: http://www.rae.gr/SUB3/3A/I-79860.pdf

Resch, G., Lopez-Polo, M.A., Aver, H., Haas, R., Twidell, J., Kjaer, C., Chandler, H., 2005. Electricity from
renewable energy sources in EU-15 countries - A review of promotion strategies. Report of Work Phase 1
of the project REXPANSION, a research project within the Altener Programme of the European
Commission, DG TREN. Information available at:
http://www.ewea.org/06projects_events/proj_RE_Xpansion.htm.

Proceedings of the 2™ International Scientific Conference 81
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece



82

Proceedings of the 2" International Scientific Conference
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece



Integrated and Adaptive Water Management as part of  the climate

change adaptations strategies —the legal approach

Vicky Karageorgou
PhD in European Environmental Law, Lecturer,
Panteion University

Abstract

Climate change will impact significantly the hydrological cycle and water resources worldwide. An
increase in the frequency and intensity of extreme weather events (floods, droughts) as well as long term
shifts on water availability are expected. Changes in water availability will have significant impacts on key
economic activities, such as agriculture, energy and industry.

The main aim of the presentation is to analyze how adaptive elements can be embedded into water
legislation and policies and how coordination with various laws related to the management of other natural
resources can be achieved within the concept of sustainable development. The analysis will also focus on
the legal instruments that can be used in order to encourage efficient water use and to achieve balance
among competing uses under circumstances being characterized by uncertainty due to climate change.
The design and application of any instruments relating to water demand (fees, pricing policies) should not
in any case provide an obstacle to ensuring access to basic water services for all parts of the society,
taking into consideration the dimension of water as a public good. The interaction between climate change
and water has also to be taken into account, when certain mitigation policies, such as the biofuel
production are designed and applied. Certain conclusions are to be drawn in order to indicate that the
adaptation challenge will be addressed to some extent through a series of changes in the way that

societies manage and use their water resources.

Introduction-The impact of climate change on
water resources

The world is facing changes at a faster rate than
ever seen before. Changes, such as population
growth, migration, urbanization and climate
change will have significant impacts on the way
that water resources need to be managed in the
future. Climate change is regarded, though, as the
major catalyst for re-orienting water management,
because it will impact significantly the water cycle,
the water resources and the relevant services
worldwide % Furthermore, there are sound
reasons to expect an increase in the frequency
and intensity of extreme weather events®, such
as floods and droughts, as well as long-term shifts
on water availability.

Water is a critical core sector, so that changes in
water availability and quality are expected to have
significant impact on key economic activities, such
as agriculture (increased demand for irrigation),

22 pPCC Report 2007, Climate Change 2007 : Climate Change
Impacts, Adaptation and Vulnerability. Contribution of Working
Group Il to the Fourth Assessment Report of the IPCC.

2 United Nation Development Programm (UNDP), Human
Development Report 2006: Beyond Scarcity —Power, Poverty
and the Global Water Crisis, Macmillan Palgrave 2006, p. 8.

energy (reduced hydropower potential and cooling
water availability) and tourism (recreational
activities). It becomes evident that the broader
dynamics of the national economies can be
influenced and the capacity of societies to pursue
sustainable development can be put at risk. The
challenges of climate change to water sources
have thus to be understood and addressed in an
interactive way, if societies are to adapt effectively
to climate induced changes. Therefore, just as the
gradual change of our energy habits, namely the
way that societies produce and use their energy,
constitutes the cornerstone of any legal and policy
framework aiming at avoiding or even limiting the
consequences of climate change (mitigation
policies), a series of fundamental changes of the
way that societies use and manage their water
sources has to become an integral part of any
policies aiming at coping with the unavoidable
effects of climate change (adaptation policies)24.

At this stage, a critical question comes to the fore.
This question relates to whether the existing
legislative and institutional framework, on which

* Global Water Partnership, Technical Advisory Committee
(TAC), Climate Change Adaptation and Integrated Water
Resource Management-An Initial Overview, Policy Brief No 5,
2008, p. 6.
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water management practices and protection
measures are based, is sufficiently adapted to
cope with the newly emerged climate-induced
challenges on water resources. As a starting point
for answering this question it should be mentioned
that the majority of the current water practices, not
only in developing but also in many developed
countries, are —despite the different degrees of
their effectiveness- not robust enough to cope with
the impacts of climate change on water supply
availability, flood risk, agriculture and aquatic
ecosystems. This means subsequently that also
the legislative framework in place at international,
regional and national level should be to some
extent reformed, in order to provide the necessary
impetus for dealing with these changes.

The scope of the paper is to analyze the capacity
of the existing water-relevant legislative
framework at international, regional and local level
vis &’ vis its capacity to support adaptation, with
the aim of providing certain suggestions about
how and to which extent water legislation should
be reformed in order to become sufficiently
adapted. The structure of the analysis can be
described as follows: The first section of the paper
focuses on adaptation as a strategic policy
response to climate change as well as its linkages
with water issues. In the second section a
preliminary analysis of the existing legislative
framework for freshwater at international, regional
and national level is conducted, with the aim of
searching for the directions given and the
approaches adopted in order to make water
legislation adaptive. The third section of the paper
pays attention to the paradigm shift that has
already started taking place in environmental law
in general and in water law in particular and has
been accelerated due to climate change. In this
context, the enhancement of the flexibility of the
water allocation regimes at national and
transboundary level is presented as one key area,
on which efforts for making water legislation
adaptive should focus. Finally, certain remarks are
made, which relate to the challenges that the
water law of the 21% century is facing.

I. Adaptation as a policy response to climate
change and linkages to water management

A. The International level

Since its inception, the international climate policy
has focused predominantly on striving as far as
possible to reduce greenhouse gases in order to
prevent dangerous climate change. This policy
approach can be described under the key word
“mitigation”. However, the existing legal
framework for climate change, namely the United

Nations Framework Convention on Climate
Change (UNFCCC)25 and the Kyoto Protocol *°,
does not provide an official definition for
mitigation. Therefore, the relevant definition given
by the Intergovernmental Panel on Climate
Change ** (IPCC), which defines mitigation “an
anthropogenic intervention to reduce the sources
or enhance the sinks of greenhouse gases”, has
become predominant in the international literature.
Increasingly, however, the climate-driven changes
are being recognized as irreversible and societies
must take necessary measures to adapt to the
impacts of these changes. This policy approach is
described under the keyword “adaptation”. The
action to be taken to deal with the unavoidable
effects of climate change is, though, not only a
matter of necessity. It is also a matter of equity,
as the impacts fail disprogortionately on those
least able to bear them?. The international
climate change regime recognizes the need for
adaptation, by setting several obligations to the
countries to take adaptive action. As the
legislative framework in place does not provides
an official definition for adaptation, the definition
given by the Intergovernmental Panel on Climate
Change (IPCC), which defines adaptation as
“adjustment in natural or human systems in
response to the actual or expected climate stimuli
or their effects, which moderates harm or exploits
beneficial opportunities”, also is chosen in this
case for the purpose of the analysis®’.

From a systematic point of view, mitigation and
adaptation should be thus seen as complementary
policy approaches, both necessary for an effective
climate policy 0 Mitigation and Adaptation
strategies employ institutional, technological and
behavioral options, the use of a wide range of

?% 1992 United Nations Convention Framework Convention on
Climate Change available at: http ://unfccc.int /2860htp (last
accessed 3 November 2009)

% 1997 Kyoto Protocol to  United Nations Convention
Framework Convention on Climate Change, available at
http://unfccc.int/kyoto-protocol/items/2830.php (last accessed 3
November 2009).

T IPCC, Climate Change 2001 — Impacts, Adaptation and
Vulnerability, Cambridge University Press, p. 992

%% See W.N Adger/J. Paavola/S.Hug/M.J Mace (Eds), 2006,
Fairness in adaptation to climate change, MIT Press, p.
335pp.

» |pCC, Climate Change 2001 — Impacts, Adaptation and
Vulnerability, Cambridge University Press, p. 992.

% For the complementary relationship between mitigation and
adaptation see R.J. Klein/S. Hug/F. Denton/T.E Dowing/ R.G
Richels/J.B Robinson/F.L. Toth, 2007, Inter-relationships
between adaptation and mitigation, Climate Change 2007 —
Impacts, Adaptation and Vulnerability, Contribution of Working
Group Il to the Fourth Assessment Report of the
Intergovernmental Panel on climate change, Cambridge
University Press, p. 750.
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regulatory and economic instruments with aim to
encourage the use of certain mainly behavioral
and technological options as well as research and
development initiatives for reducing uncertainty
and increasing resilience of the ecosystems and
the communities, although they have to some
extent different orientations.

Besides the guidance provided by the definitions
and the relevant analysis, the legislative
framework establishing certain adaptation- related
obligations for the Contracting Parties constitutes
the critical source, where several directions of
regulatory nature can be extracted concerning the
modus and the focus of adaptation. The majority
of the provisions related to adaptation can be
found in Article 4 of the UNFCCC, as described
bellow: 1) Article 4 par. 1 b in association with
par. 8 and 9 of the same Article establish the
obligation for the Parties to develop national plans
to facilitate adequate adaptation to climate change
(National Adaptation Plans) 2) Article 4 par. 1 e
requires the cooperation of Parties in preparing for
adaptation and requests to elaborate appropriate
and integrated plans for coastal zone
management, water resources and agriculture as
well as for the protection and rehabilitation of
areas affected by floods or drought and
desertification 3) Article 4 par. 4 establishes the
obligation to the developed country Parties and
other developed countries included in the Annex Il
of the Convention to assist developing country
parties that are particularly vulnerable to the
adverse effects of climate change. Furthermore,
relevant in terms of providing the legal basis for
establishing mechanisms to finance adaptation
are also the provisions included in Article 11 of the
Convention as well as Article 11 par. 2 b of the
Kyoto Protocol®! to the Convention.

31 Article 11 par. 2 of the Kyoto Protocol establishes the
obligation to the developed country Parties to provide financial
resources, including the transfer of technology, to meet the
agreed full incremental costs incurred by developing countries
in advancing the implementation of the commitments of Article
4 of the Convention. The afore-mentioned costs mainly include
the adaptation cost to the adverse effects of climate change. In
this context, it is worth mentioning that there are three funding
mechanisms operating under the broader framework of the
UNFCCC and the Kyoto Protocol to finance adaptation actions
especially in the developing countries. These are the following
: 1) The Special Climate Change Fund, which operates under
the framework of the UNFCCC and finances long-term
adaptation measures that increase resilience of national
development sectors, such as water resources management,
agriculture and health to the impacts of climate change 2) The
Least Developed Countries Fund, which also operates under
the UNFCCC umbrella, and finances the world’s least
developed countries to elaborate and implement the National
Adaptation Programmes of Action 3) The Adaptation Fund,
which is a quite innovative funding mechanism, firstly because

The systematic analysis of the afore-mentioned
provisions of the Convention as well as the
methodologies and the tools applied by the
relevant Work Programmes developed in this
field*” can thus, be helpful to draw up to certain
conclusions relating to the approach and the
directions to be followed, when elaborating and
implementing adaptation strategies. The first
conclusion relates to the recognition of
vulnerability as the most crucial factor for
assessing the adaptive capacity of the societies in
the sense that society’ exposure to climate
change and subsequently its capacity to adapt are
closely related to the level of its developmentss.
There is no official definition for vulnerability in the
UNFCCC and the definition given by IPPC**,
although enlightening, does not address the
factors that determine vulnerability. With the help
of the systematic analysis of the relevant
provisions of the UNFCCC (article 4 par. 4) and
the Kyoto Protocol (Article 12 par. 8), one can
reach the conclusion that the vulnerability concept
within the broader UNFCCC framework is used to
describe those Contracting Parties that are in
need of financial, technological and other forms of
assistance. The second conclusion relates to the
importance of adopting a strategic and integrated
approach to deal with adaptation, which is a
cross-cutting issue. In particular, a strategic

its revenue is generated to certain extent through a 2% levy on
the emission reduction projects under the Kyoto Protocol’ s
Clean Development Mechanism and secondly because there is
a strong representation of the developing countries in its
executive body, namely the Adaptation Board. For an
assessment of the effectiveness of the Funds operating under
the UNFCCC umbrella see M.J. Mace, Funding for Adaptation
to Climate Change: UNFCCC and GEF Developments since
COP-7, RECIEL, vol. 14, no. 3, 2005, p. 236-240. For a first
assessment of the Adaptation Fund see B. Mdller, The Nairobi
Climate Change Conference: A breakthrough for adaptation
funding, Oxford Energy and Environment Comment, January
2007

% There are two main UNFCCC Work Programmes, namely
the Buenos Aires Programme of Work on Adaptation and
Response Measures and the Nairobi Work Programme, that
deal more broadly with adaptation and its interdependencies
with several sectors, such as the coastal zones, agriculture
and water resources. The main aim of the programmes is to
help all countries to improve their understanding of the impacts
of climate change and to make informed decisions on the
appropriate adaptive measures. See UNFCCC 2007,
Background Broschure on the Nairobi Work Programme.

See Christoplos/S. Anderson/M. Arnold/V. Gataz/M.

Hedger/R.Klein/K.de. Goulven, The Human Dimensions of
Climate Adaptation : The importance of local and institutional
issues, Stockholm Environment Institute, April 2009, p. 14ff.
% The IPPC defines vulnerability as “the degree to which a
system is susceptible to, or unable to cope with, adverse
effects of climate change, including climate variability and
extremes. IPCC, Climate Change 2001 — Impacts, Adaptation
and Vulnerability, Cambridge University Press.
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response to the increased impacts of climate
change should reach the full breadth of economic
and development decision-making processes and
the adaptation priorities and concerns should be
subsequently streamlined into sectoral policies,
such as energy, tourism and agriculture®. The
National Adaptation Plans of Action (NAPA),
which contain the basic directions and the specific
adaptation measures, should subsequently reflect
the afore-mentioned strategic and cross-sectoral
approach. Finally, the third conclusion relates to
the requirements that the adaptation strategies in
several sectors as part of the general strategic
framework (NAPA) should fulfill as well as their
specific measures that should contain. In
particular, as vulnerability is the key factor to
assessing the adaptive capacity of communities or
eco-systems, adaptation strategies and measures
should be based on the results of the Vulnerability
Assessments®, which have to identify vulnerable
areas and immediate and future adaptation
priorities as well. Furthermore, in view of the
scientific recommendations ¥ that have been
made, an adaptation strategy can be successful
only if includes measures in all the steps of
adaptation chain: 1) prevention measures 2)
measures for improving resilience of the impacted
system or sector 3) preparation measures 4)
reaction measures and 5) recovery measures.

The question that can be raised at that point is
whether the UNFCCC framework (legislative
provisions and COP decisions) provide the
regulatory basis for the integration of water issues
into the core of the adaptation policies, taking into
consideration that water is not only a source of life

35 See 1.Burton/ . Diringer/J. Smith, Adaptation to Climate
Change: International Policy Options, Pew Center on Global
Climate Change, November 2006, p. 12, available at :
http://www. Pewcenter.org/docUploads/PEW _Adaptation.pdf,
glast accessed 3 November 2009).

® See Draft Guidance on Water and Climate Adaptation
elaborated by the Task Force on Water and Climate of the
Convention of the Protection and Use of the Transboundary
Watercourses and International Lakes, Geneva 24.4.2009, p.
61, where as vulnerability assessments defined the systematic
efforts to delineate the places, human groups and eco-systems
that are at highest risk, the sources of their vulnerability and
how the risk can be diminished or eliminated. The draft
Guidance is available at
:http://www.unece.org/env/water/meetings/Water.and.Climate/s
econd.meet/Guidance_on_Water_and_Climate_Adaptation_dr
aft_for_Task_Force_03_04.doc (last accessed on 5 November
2009).

% See Draft Guidance on Water and Climate Adaptation,
supra note 15, p. 67; I|.Burton/E.Malone/H. Saleemul,
Adaptation Policy Frameworks for Climate Change: Developing
Strategies, Policies and Measures in : B.Lim/E.Spranger-
Siegfried (Eds), United Nations Development Programme,
Cambridge University Press 2004, (Technical Paper 8 on
Formulation an Adaptation Strategy).

but also a key transmitter of climate change
effects. The answer to the question cannot be any
other than negative.

The lack of integration between water issues and
adaptation policies within the existing legal and
policy framework at the international level
becomes obvious after a systematic analysis of
the relevant legal provisions within the UNFCCC
and the COP Decisions. In particular, only a
reference for the elaboration of integrated plans
for water resources as a means for adaptation can
be found among the relevant provisions of the
Convention, while there is not one single mention
of water in any of the outcome documents from
COP-13 and COP-14%. Furthermore, although
the Nairobi Work Programme and other initiatives
in this field constitute a remarkable effort to
integrate water issues in the core of the
adaptation policies, their contribution is not
enough for placing water in the center of the
adaptation agenda.

Therefore, future negotiations are of crucial
importance in terms of raising the profile of water
issues within the adaptation policy framework and
ensuring the inclusion of a clear reference in the
new climate agreement that is hoped to be agreed
next December in Copenhagen.

B. The regional (European) level

As was the case at the international level, the
focus of the European climate policy at its initial
phases was on mitigation. The gradual recognition
of the need for strengthening the adaptive
capacity of the european countries to the adverse
impacts of climate change has led to the
publication of the Green Paper “Adapting to
Climate Change-Possibilities for EU action” * .
This Green Paper was a first attempt to examine
the impacts of climate change effects in several
european regions and sectors and to identify
possible adaptation actions at the EU level.
Adaptation was recognized as a cross-cutting
issue, so that it was acknowledged that the
expected outcomes cannot be delivered by a
single policy. Instead, concerted action in different
policy areas deemed required. With regard to

% See Global Public Policy Network on Water Management on
Water Management, Water and Climate Change Adaptation-
Key Messages for the 15" Conference of the Contracting
Parties of the UNFCCC, March 2009, available at
http://gppn.stakeholderforum.org (last accessed 3 November
2009).

*®Green Paper from the Commission to the Council, the
European Parliament, the European Economic and Social
Committee and the Committee of Regions, Adapting to Climate
Change-Possibilities for EU Action, COM 2007, 354 final,
Brussels 29.06.2007.
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water policy, the Green Paper emphasized the
importance of applying economic instruments and
the user pays principle across all the water-related
sectors, with the aim of providing incentives for
reducing water consumption and increasing the
efficiency of water use.

Following the Green Paper, the European
Commission has published the White Paper on
Adaptation to Climate change4°, which aims to
increase EU’ s resilience to the impacts of climate
change by establishing a cross-cutting policy
framework. In this context, a series of actions,
focusing, among others, on human capital (e.g
awareness raising, capacity building) and green
infrastructure ** are proposed. The White Paper
recognizes water, including linkages to coastal
and marine waters, as a key sector for applying
adaptation measures and stresses the need for
the proper implementation of the existing legal
instruments (EU Water Framework Directive and
EU Floods Directive) for increasing the resilience
of water eco-systems.

At this point it has become evident that the linkage
between climate change adaptation and
sustainable water management is clearly
recognized in the majority of the EU adaptation
policy documents in comparison to what is the
case at the international level.

Il. Freshwater Regulation at international,
regional and national level-Directions and
trends

Water Law creates the backbone of an effective
water management at all different levels, from the
international (mainly transboundary) to the local
level*. A systematic analysis of the many regional
and national water regimes leads to the
conclusion that water law has at least to some
extent incorporated the paradigm shift that has
already started taking place in the water sector
due to economic, societal and environmental
changes (population growth and increasing water
demand as well as increased water pollution).
This gradual adoption of a more integrated
regulatory approach in the protection and

“° European Commission, White Paper, Adapting to Climate
Change-Towards a European Framework for Action, COM
£2009), 147 final, Brussels 1.04.2009.

! As green infrastructure is defined in the White Paper the
interconnected network of natural areas, including some
agricultural land, such as greenways, wetlands, parks, forest
preserves and native plant communities, and marine areas that
naturally regulate storm flows, temperatures, flooding risk, and
water, air and ecosystem quality. See White Paper, supra note
19, p. 5.

“2 See A. lza/R. Stein (Eds), RULE-Reforming Water
Governance, IUCN, Gland-Switcher land 2009, p. 49 ff.

management of water resources has to be
supplemented by new mechanisms and tools or
by the enhancement of the existing ones, so that
the legal and institutional regimes in place can
provide the framework for dealing effectively with
the new risks and uncertainties caused by climate-
induced changes. At this point, a preliminary
research in some important International and
Regional Agreements as well as the relevant EU
legislation is conducted in order to assess the
impetus given to the national legislators to reform
water law, where necessary, in order to support
adaptation.

A. The global level

The management and protection of shared water
is regulated by an emerging regime of
international law on freshwater, which is based on
International Treaties, soft-law documents®, such
as declarations, customary law and general
principles of international law. In terms of
geographical coverage, there is only one global
agreement with regulative focus on the
management of international watercourses, their
conservation and use for purposes other than
navigation. It is the United Nations Agreement on
the Law of the Non-Navigational Use of
International Water Courses (“UN Watercources
Convention”) * which has not yet entered into
force. Although it is not legally binding45, the

“ Since the early 1990s international discourse has started
focusing on the management and protection of water
resources at transboundary and national level in quite a
different way by adopting a more integrated approach and by
incorporating sustainability into water management. This new
approach is captured in a series of soft law documents, such
as the Dublin Statement on Water and Sustainable
Development, the Chapter 18 of the Agenda 21 and the Berlin
Rules on Water Resources. See J. Dellapennna, The Berlin
Rules on Water Resources: The new Paradigm for
International Water Law, available at :http://www.ualg.pt (last
accessed 4 November 2009).

“* The Convention was adopted by the United Nations General
Assembly on 21 May 1997. The concept of the Convention
was based —to significant extent- on the Helsinki Rules on the
Uses of the Water of International Rivers developed by the
International Law Association. For the background of the
evolution of the Convention see G. Eckstein, Development of
International Water Law and the UN Watercource Convention
in : A. Turton/R. Henwood (Eds), Hydropolitics in the
developing world-A Southern African Perspective, African
Water Issues Research Unit 2002, p. 81-96.

“* The International Court of Justice cited the Convention as
evidence of International Customary Law and underscored its
importance when it referred to a number of its provisions within
the Gabcikovo-Nagymaros case, a dispute between Hungary
and Slovakia over Danube. See Case concerning the
Gabcikovo-Nagymaros (hung/Slov) 1997, I.C.L 92 (Sept. 25),
37 I. LM 162 (1998), available at : http ://lwww.icj-
cij.org/idocket/his/ihsjudgment/ihsdocument/html7 (last
accessed 4 November 2009).
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Convention provides guidelines for establishing
bilateral or multilateral transboundary water
regimes, as it has codified a series of principles
of customary law for management and protection
of shared water, with the principle of equitable and
reasonable utilization and participation (article 5)
and the no harm rule (article 7) being the most
important ones. From a systematic point of view
it was correctly argued *" the drafters of the
Convention limited their intensions and their
efforts mainly in codifying existing customary law
and did not focus on developing it progressively.

In this context, there is no any explicit reference
for establishing an obligation to the riparian states
to support adaptation within transboundary water
management. This is quite understandable,
especially when man takes into consideration the
long period for the drafting of the Convention at
which the climate change impacts on water
sources had not been —even to a limited extent-
recognized. The concept of optimal and
sustainable utilization of a shared watercource set
in Article 5 of the Convention is, though, open-
ended, so that it can constitute the legal basis for
any adaptation strategies and measures
elaborated and implemented by the riparian
states.

B. The regional (European) level

An important example of regulation of
transboundary water courses at regional level is
the 1992 Convention on the Protection and Use of
Transboundary Watercourses and International
Lakes (“Helsinki Convention”). In particular, the
“Helsinki Convention” provides a sound legal
framework for cooperation on shared water
resources within the UNECE Region®®, which is

“® The principle of equitable and reasonable utilization is based
on the recognition of the right of all riparian States to use
water from a shared source only to the extent that these uses
do not come in contradiction with the uses in another riparian
State. Article 6 of the UN Convention sets a list of factors that
have to be taken into account when balancing reasonable uses
of a shared water resource. The principle of no harm, which is
set in a quite weak formulation in Article 7, requires that
riparian States have to take the appropriate measures to
prevent the causing of any significant harm to the neighbouring
states. See J. Dellapena, The Customary International Law of
Transboundary Fresh waters, International Journal of Global
Environmental Issues, Vol. 1, Nos 3/4, 2001, p. 264 (284ff).

" See J. Dellapena, supra note 25, p. 288; J. Dellapena, supra
note 22.

“8 The Convention was concluded under the auspices of the
United Nations Economic Commission of Europe (“UNECE”).
The Convention has entered into force on October 1996 and
has 36 Contracting Parties so far. The text of the Convention
is available at
:http://www.unece.org/env/water/pdf/watercon.pdf (last
accessed 5 November 2009).

more specific and sophisticated in comparison to
the rather abstract and general rules of the UN
Watercource Convention * . The “Helsinki
Convention” does not provide any explicit
reference relating to the impacts of climate
change on water resources and subsequently the
obligation for the Contracting Parties to take
action. Despite the lack of a clear reference, the
set of the guiding principles established in the
Convention as well as the specific obligations
foreseen for the Contracting Parties can constitute
the basis for taking measures to support
adaptation. In particular, the basic concept of the
Convention relates to the establishment of a
specific framework of cooperation with the aim to
prevent, control and reduce the transboundary
impacts relating to international watercourses and
lakes (Article 2 par. 1 and 2 and Articles 9-16 of
the Convention). To the trandboundary impacts
defined as significant adverse effects on the
environment resulting for a change in the
condition of the transboundary waters caused by a
human activity or physical origin (Article 1 nr. 2)
are also included those impacts related to
adaptation to or mitigation of climate changeso,
although this is not mentioned explicitly. This is
due to the fact that there is a far-reaching
consensus in the scientific community that climate
change is at least to certain extent caused by
human activities. In this context, adaptation
measures, such as construction of dams and
reservoirs, can contribute substantially to avoiding
negative transboundary impacts and to generate
the best possible effects for the shared basin.

Furthermore, a strong regulatory basis for taking
measures in the direction of the so-called
proactive adaptation51 provides the recognition of
the precautionary principle (Article 2 par.5 lit a) as
one of the guiding principles for the transboundary
water management. This principle, which requires

“ See P. Patronos, International Law, the EC Directive
2000/60 and the Protection and Use of Transboundary
Watercources, paper available at :
http://www.nomosphysis.org.gr/articles.php?artid=1182&lang=
2&catpid=12 (last accessed on 5 November 2009).

® See J. Timmerman/F. Bernadini, Adapting to Climate
Change in transboundary water management, Perspective
Paper developed to be presented in the 5" World Water
Forum, p. 6, available at
ttp://www.waterandclimate.org/index.php?id=5thWorldWaterFo
rumpublications810 (last accessed on 5 November 2009).

*' The stimulus is the crucial criterion for defining adaptive
action as proactive or reactive. In particular, when actions are
in response to observed climate impacts, we speak about
reactive adaptation, while in cases that action is taken in
anticipation of future climate change impacts, we speak about
proactive adaptation. For the distinction see I|.Burton/ .
Diringer/J. Smith, supra note 14, p.10.
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that action should be taken even before adverse
effects are fully scientifically proven, is of
immense importance in  climate change
adaptation, as high uncertainties exist regarding
the exact impacts on water availability and quality.
Relevant in terms of supporting a proactive
adaptation approach in the field of transboundary
water management is also the explicit recognition
of the sustainability principle both in its broader
context (Article 2 par. 5 c¢) with a distinctive future
dimension ** and in its narrow context as
ecological sustainability (Article 2 par. 2 lit.b).

Another characteristic legal instrument EU Water
Framework Directive (WFD) constitutes the
central piece of legislation in the field of water
policy. Although the WFD sets a consistent
framework for Integrated and Sustainable Water
Management®, it does not, however, include any
obligation for adaptation to climate change.
Despite the lack of any explicit reference to
climate change, the Directive provides the
framework to address climate change impacts
through the river basin planning process for a
variety of reasons. First of all, it obliges Member
States to assess environmental pressures in each
river basin district (article 5 and Annex II),
including subsequently pressures, which
constitute the direct or indirect impact of climate
change ** . Furthermore, the Programmes of

52 Article 2 par.5 c foresees the following : Water resources
shall be managed so that the needs of the present generation
are met without compromising the ability of future generations
to meet their own needs.

*® The basic regulatory choices of the Directive can be
described as follows : 1) the adoption an integrated approach
of all water-related aspects in terms of regulation, planning and
governance 2) the protection of all kinds of water (surface and
groundwater) 3) the choice of the river basin district as the
organizing unit for river basin management 4) the setting of
ambitious environmental quality objectives to be achieved
within a defined timeframe (2015) 5) the introduction of an
integrated planning process at each river basin district, which
will result in the adoption of a management plan (river basin
management plan-RBMP) 6) the participation of the public and
the stakeholders in the planning and management process and
7) the recognition of water as an economic good (Article 9- the
cost recovery principle). As regards transboundary river
basins, the Directive provides (Article 17) that join
environmental objectives should be set and that the
elaboration and the implementation of Programmes of
measures should be coordinated for the basin as a whole.

* It is correctly argued that, although direct climate impacts on
water resources cannon be classified as “anthropogenic
pressures” (Annex |l of the Directive) in the sense that they
cannot be mitigated by water manager’s action, they can at
least be considered as such, because these impacts interact
with or aggravate other anthropogenic pressures. Moreover,
pressures on water from human activities may change as a
result of climate change mitigation efforts. See Ecologic,
Climate Change and the EU Water Policy —Inducing Climate
Change in River Basin Planning, November 2007, p. 4,

Measures which constitute an integral part of the
RBMP and are designed to achieve the
environmental quality objectives set for each river
basin district, can include specific measures for
climate change adaptation and also give
emphasis to “no regret measures”. Finally, the
Directive provides that for the calculation of the
level of the cost-recovery of the water services
long term forecasts of supply and demand for
water in each river basin district have to be taken
into account.

In conclusion, it should be underlined that the rule-
making at the global level is subject to lower
common standards than in the more
homogeneous regions™. This becomes evident
in the case of the European Union, which as one
of the most integrated regions, economically and
politically, has also developed a more advanced
framework for water management in legal,
institutional and financial terms. This undoubtedly
relates also to its capacity to support adaptation.

C. National Water legislation and Regulatory
trends

Not all the rivers are international and not all the
aspects of transboundary river management are
regulated at the international level. Almost every
state in the world has set in place a legislative
framework regulating the use of water resources
in their territory and being to a larger or smaller
extent influenced by the relevant legal
developments at international and regional level.
Most of the recent water law reforms at national
level focus on the application of the so-called
Integrated Water Resources Management (IWRM)
concept *° , which has been promoted
internationally in various fora. Sustainability in
terms of respecting the carrying capacity of the
eco-systems and being recognized as a core
value of the broader sustainable development
concept as well as social welfare concerns are
incorporated into the concept of IWRM, which is
defined as: “A process that promotes the
coordinated development and management of
water, land and related resources to maximize the
economic and social welfare in an equitable
manner without compromising the sustainability of

available at http://ecologic.eu/download/projekte/1850-
99/1877/1877 climate change and eu water policy.pdf (last
accessed on 5 November 2009).

*® See P. Patronos, supra note 28, p. 5.

*® For the most important regulative concepts that have
influenced national legislations see A. Iza/R. Stein (Eds), supra
note 21, p. 20ff.
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vital ecosystems Unquestionably, the
philosophy and certain elements of the
methodology of IWRM are reflected not only in
many national laws but also, to some extent, in
many provisions of the UNECE Convention on
Transboundary Waters and International Lakes
and the Water Framework Directive, as described
above.

Certain key attributes of IWRM suggest that it is
an appropriate approach not only for an effective
and sustainable water management but also a
potential framework for streamlining adaptation
concerns into water legislation. In particular, it can
support decision-making in complex situations
including cases with high uncertainty relating to
water availability, because it provides both an
analytical framework, which identifies the
components and different steps in the analysis
process, and a computational framework, which
establishes capacity for data processing and
guantitative comparison of alternatives.
Furthermore, it encourages the structured
engagement of communities, stakeholders and
sectors impacted upon water in the planning and
decision-making process, giving emphasis to the
participatory approach in water managementss.
The other regulatory approach that has gained
importance in the international discourse quite
recently is the human-rights approach to water
management, which asserts that humans have a
right to water. The recognition of a human right to
water® is associated with a state obligation to
guarantee access to water services and mainly to
potable water for all of its citizens. In spite of the
fact that the human rights approach can raise
certain questions about its regulative concept and
the practical ways for its implementation, it seems
to be helpful in order to set certain limits to any
efforts to privatize basic water services, without
safeguarding water security for the most
vulnerable and marginalized people.

These two approaches do not seem to be
mutually exclusive. This means that there are
opportunities to seek synergies between them,

% See Global Water Partnership, echnical Advisory
Committee (TAC), Integrated Water Resource Management,
Background Paper No 4, 2000.

% See Global Water Partnership, echnical Advisory
Committee (TAC), Catalyzing Change : A handbook for
developing Integrated Water Resource Management and water
efficiency strategies, 2004.

% The United Nations Committee on Economic, Cultural and
Social Rights has adopted in November 2002 the General
Comment Number 15 (GC 15), “The Right to Water”, according
to which governments have several obligations in order to
guarantee the enjoyment of the right by everyone without
discrimination. See A. Iza/R. Stein (Eds), supra note 21, p.
22-23.

with the aim to strengthen the social dimension of
an effective, sustainable and adaptive water
management. The main point though, is how to
use the framework provided by these concepts
and especially by the IWRM in order to make
national water laws as well as bilateral and
multilateral agreements adaptive by removing
existing barriers and embedding new elements,
where necessary. This will be analyzed in the
next section of the paper.

Ill. Making water legislation adaptive

A. The paradigm shift in environmental law
and its general influence

One of the major challenges that the
environmental law currently faces, relates to the
modus to be adopted and the instruments to be
introduced, so that the law can develop its
regulatory impacts (“Steurungwirkung 60 M) for
pursuing legitimized  objectives, such as
environmental protection and public health under
changing circumstances and a high level of
uncertainty. In particular, law came up with a
change in the “paradigm”, on which environmental
regulations at the initial phase were grounded and
was based on the condition that natural
ecosystems maintained a ’relatively stable
dynamic equilibrium” ® . When the so-called
“equilibrium paradigm” became invalid, the then
laws fostering environmental protection were
confronted with the challenge to set a framework
that takes into account the inherent uncertainties
associated with the complex and non-linear

% The approach of the regulative impact (Steurungswirkung) of
the legal norms was developed in the German legal theory.
The basic idea on which this concept is grounded, focuses on
the impacts which the implementation of the legal norms
“produces”, which in some cases are not those that the
legislator had intended to, when the laws were adopted. This
comes true, when the legal norms set do not meet the society’
S expectations related to context of the regulation or when the
implementation comes in contradiction with special economic
or social interests that try to set obstacles. In accordance with
the philosophy of this approach, one of the major challenges
that the law has to come up with, relates to the formation of
the legal norms in such a way, so that the “desired” effects are
realized. See G.F Schuppert, Grenzen und Alternativen von
Steurung im Recht in: Grimm (Hrsg), Wachsende
Staatsaufgaben-Sinkende Steurungsfahigkeit des Rechts,
1990, p. 217ff.

® For the shift from the “equilibrium” to the “nonequilibrium”
paradigm and its consequences on the regulatory context of
the environmental regulations see Dan. A. Tarlok, The “Non
Equilibrium Paradigm” in Ecology and the Partial Unraveling
of Environmental Law, Loyala of Los Angeles Law Review, Vol.
27,1994, p. 1121 ff; J. B Ruhl, Thinking of Environmental Law
as a Complex Adaptive System : How to Clean up the
Environment by Making Mess the Environmental Law,
Houston Law Review, Vol. 34, 1997, p. 933 ff.
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functions of the ecosystems. Environmental
regulations, which are grounded on the “non-
equilibrium paradigm”, should be subsequently
flexible enough to accommodate the ongoing
environmental challenges and to adapt to
unforeseen changes in the future. Moreover,
modern environmental law has to regulate the
risks ® that constitute the “byproduct’ of the
scientific and technological development, a fact
that has also influenced substantially its regulative
concept. Furthermore, climate change and its
wide-ranging effects related to precipitation,
climate variability and extreme weather events
have substantially intensified the challenges
posed to the legal systems to cope with risk and
uncertainty®®. This becomes more than evident in
the case of water law due to the already
mentioned effect on water resources.

One of the major challenges that water law
currently faces is to facilitate equitable and
consistent adaptation to climate-induced changes
in the water sector by incorporating new elements
or strengthening existing ones, where necessary.
The regulative context of water laws should also
reflect in a clear way the adoption of a new
“paradigm” for regulating issues regarding the
protection and management of natural resources,
as it will be described in the next section of the
analysis.

B. Conceptual elements of water legislation
within the framework of adaptive
management

From a systematic point of view, it should be at
first underlined that any efforts undertaken to
reform national water laws have firstly to take into
consideration the directions contained in the
relevant legislative provisions as well as the
methodologies and approaches developed in the
scientific community about the concept of the
adaptation strategies and the types of measures
to be used (preventive or recovery measures or
measures to improve resilience). Furthermore, the
coherent, comprehensive and progressive

%2 For the definition of risk see U. Beck, Risikogesellschaft-Auf
dem Weg in eine andere Moderne, Frankfurt a. Main, 1986, p.
25 ff; European Environmental Agency (Eds), Late lessons
from early warnings, 2001, p. 168f. For the role of law to
management of risks see C. Sunstein, Risk and Reason,
Safety, Law and Environment, Cambridge University Press
2002; A. Scherzberg, Risikosteurung durch Verwaltungsrecht:
Ermdglichung oder Begrenzung von Innovationen?, VVDStRL
63 (2003), p. 214ff.

%% See B.H Thompson, Jr., Tragically difficult : The obstacles to
governing the commons, Environmental Law, Vol. 30, 2002, p.
241 (253); M. Zinn, Adapting to Climate Change:
Environmental Law in a warmer world, Ecology Law Quarterly,
Vol. 34, 2007, p. 82.

freshwater regimes at regional level, with the EU
Water Framework Directive and the UNECE
Convention on Transboundary Waters and
International Lakes being viewed as leading
examples, can play a role model function in terms
of providing a framework concept, which leaves
room for embedding adaptive elements into water
legislation. The efforts to seek synergies between
the directions given under the broader context of
the international adaptation regime and the
regulatory trends for water management and
protection at the international, regional and local
level can lead to certain conclusions relating to the
approach to be adopted and the strategic priorities
to be achieved, when reforming national water
laws with the aim to become sufficiently adapted.
The first conclusion relates to the importance of
adopting a strategic approach instead of
undertaking piecemeal adaptation efforts. This
should be reflected not only in the coordination of
the designed measures but also in the
streamlining of the regulative concept of water
laws with the relevant laws regulating land-use or
other natural resources. The second conclusion
relates to the strategic priority goals64 that have to
be achieved, when reforming national water laws.
These priority goals, which also indicate the basic
directions on which adaptive water legislation
should focus, are the following: 1) The reduction
of the vulnerability of the societies and particularly
of its more marginalized parts to shifts in hydro-
meteorological trends and extreme weather
event ®° . 2) The protection and restoration of
ecosystems, which are critical for water resources
and services®. 3) The matching of water demand
with water supply mainly by increasing water
efficiency67.

Moreover, as already mentioned, the
described concept of water law should reflect the
new “paradigm” on which the laws regulating the

® See G. Bergkamp/B. Orlando/l. Burton, Change Adaptation
of Water Management to Climate Change, IUCN, Gland,
Switzerland and Cambridge, 2003, p. 21-26.

® To achieve this strategic goal, better coordination between
land and water planning in association with measures, such as
risk zoning for floods or droughts, the use of early warning
systems and the flood and drought preparedness programmes
seems to be necessary. See G. Bergkamp/B. Orlando/l.
Burton, supra note 43, p. 22.

® Towards this direction measures to restore downstream
wetlands, such as flood storage areas and restoring or
preserving mountain forests to reduce erosions and peak flows
should be introduced. See G. Bergkamp/B. Orlando/I. Burton,
supra note 43, p. 23.

¢ Towards this direction, the prioritization of water uses, the
reform of water allocation regimes, where necessary and other
demand-side measures, such as the re-use of return flows
and desalination are deemed necessary. See G. Bergkamp/B.
Orlando/I. Burton, supra note 43, p. 25..
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protection and management of natural resources
should be based. This new paradigm, except for
the consideration of the non-linear function of the
eco-systems, should incorporate especially in the
field of water law, the philosophy and the
methodology of the so-called “adaptive
management” as an approach of dealing not only
with environmental but also with quantifiable
uncertainties. The concept of “adaptive
management” is based on the fundamental
assumption that the human ability to predict the
future key drivers of any given eco-system and the
system behavior and responses is inherently
limited®®. This assumption becomes even more
relevant due to the added uncertainty caused by
climate change. As a response, adaptive
management requires a structured process of
active learning by all stakeholders and the
continuous  improvement of  management
practices and measures by incorporating the
insights of the experience gained from the
outcomes of the implemented policies.

Reasoning from the logic of adaptive management
in general in conjunction with the concept of
Integrated Water Resource Management,, one
can reach the conclusion that key features of
adaptive and integrated water legislation can be
the following 1) the setting of certain quality
objectives that have to be in line also with the
carrying capacity of the aquatic ecosystems and
the limited water supplies 2) the establishment of
a management regime preferably at river basin
level to achieve the quality objectives, which
should be characterized by an experimental
character 3) the setting of data collection and
monitoring mechanisms for the water quality and
availability 4) the establishment of ‘“intelligent”
institutions that can go beyond day to day
management and can also have an open dialogue
with the scientific community and society 5) the
introduction of policies and instruments flexible
enough to incorporate and respond to the
continuous flow of scientific information. In
particular, among the variety of instruments used,
water allocation regimes should be assessed and,
where necessary reformed, in order to be more
responsive to changeﬁg. It becomes obvious that
evident that the legislation and the policies

% See C. S Holling, Adaptive Environmental Assessment and
Management, New York 1978; C.J Walters, Adaptive
Management of Renewable Resources, New York 1986; W.T
Coleman, Legal Barriers to the Restoration of Aquatic Systems
and Adaptive Management, Vermont Law Review, Vol. 23,
1998, p. 177ff.

% See J. C. Neuman, Adaptive Management: How Water Law
needs to change, Environmental Law Reporter, Vol. 31, 2001,
p. 11432 (11434).

introduced have an ‘“experimental” and
“provisional”’ nature in the sense that they are
substantially based on a “learning by doing”
process . After the description of the directions
and the conceptual elements that adaptive water
legislation should include, emphasis is placed on
searching for directions with the aim to enhance
the flexibility of water allocation regimes at
national and transboundary level. This is due to
the fact that it is being viewed as one of the most
difficult tasks within the broader framework of
adaptive water management.

C. Flexible water allocation regimes as a
cornerstone of adaptive water legislation

1. The national level

As the most profound impacts of climate change
on water resources relate to the changes in
precipitation and subsequently to the reduction of
the water available, flexible and equitable
allocation of this scarce natural source becomes
one of the hardest tasks. In this context, existing
allocation regimes established in the majority of
national water laws worldwide should be assessed
in terms of their capacity to adapt to annual or
seasonal changes in water availability. A
systematic overview of the different allocation
regimes leads to the conclusion that there are two
principal approaches to water rights. The first
approach is that of the private water rights that
confer on the holder the full set of property rights
and are the closest approximation to the so-called
“ownership” of the water. One constellation of this
system of water rights is applied in the South-
Western USA and is governed by the “prior
appropriation” doctrine, which gives priority to the
older rights (“first in time, first in right”). This
means in particular that the first rights holder
acquires the superior legal right, while the junior
water rights holders are the first to lose access in
times of water shortages”. Although at this point
no comprehensive analysis for the advantages
and disadvantages of this concept from an
economic, social or environmental perspective
can take place, it should be underlined that
serious doubts can be raised about its

® See J. C. Neuman, supra note 48, p. 11434; C. Bruch,
Adaptive Water Management : Strengthening Laws to cope
with Uncertainty in : A.K. Biswas/C. Tortajada/R. Izquiero
(Eds), Water Management Beyond 2020, Springer Verlag
2009, p. 89 ff.

™ See St. J. Shupe, Waste in Western Water Law: A Blueprint
for Change, Oregon Law Review, Vol. 61, 1982, p. 483ff; D.
Tarlok, How well can International Water Allocation Regimes
Adapt to Global Climate Change, Journal of Land Use and
Environmental Law, Vol. 15, 2000, p. 423 (429).
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compatibility with the concept of adaptive and
sustainable water management, mainly because it
cannot enable the consideration of ethical,
environmental and legal limitations relating to
water use and consumption ®. It can be thus
assumed that due to the incapability of the private
water rights regimes to support sustainable and
adaptive water management, new or reformed
water laws should keep water rights under the
public domain”.

The second approach is that of the use or usufruct
water rights, which is based on the concept of the
“public ownership” of water. The right of water
abstraction is granted through an allocation
licensing system " and is thus relative and
conditional, because the licenses given determine
clearly how much water can be taken and for
which purposes. Licenses are also of limited
duration. It becomes thus obvious that the
concept of the usufruct rights with the licensing
system as its cornerstone sets certain limits and
conditions to the water use and can
unquestionably contribute to the conservation and
protection of waters by preventing over- allocation
and pollution. Furthermore, abstraction licensing
system provides the appropriate framework for an
enhanced implementation of any decided
prioritization of water uses, which is a crucial
component of water policies as a response to the
unforeseen climate-induced changes relating to
water availability. Moreover, it can make licenses
for water abstraction more flexible by introducing
options for relief, in cases where water levels are
low and by incorporating low flow values, below
which abstraction would be not possible75. Taking
into consideration the strengths of the concept of
the usufruct water rights, it can be assumed that
this regulatory regime has a high degree of
compatibility with the model of sustainable and
adaptive water management. This does not imply

2 One of its most important disadvantages is that it cannot
provide the framework for setting limits to over-abstraction and
subsequently cannot contribute to avoiding the quality
degradation of the scarce resource. Moreover, it does not
seem flexible enough to respond to changes in water
availability and to the aquatic needs of the environmental eco-
systems (i.e environmental flows). See J.C Neuman,
Beneficial Use, Waste and Forfeiture: The inefficient search for
Efficiency in Western Water Use, Environmental Law, Vol. 28,
1998, p. 919;

® See A.lza/R. Stein (Eds), supra note 21, p. 54.

™ The European Water Framework Directive requires every
Member State to have an abstraction licensing system in place
(Article 11 par. 3 lit (e)).

® See E.Levina/H.Adams, OECD, Domestic Policy
Frameworks for Adaptation to Climate Change in Water
Sector, Part | :Annex | Countries, (COM/ENV?EPOC/IEA/STL
(2006) 2, May 2006. p. 32.

that all the existing licensing allocation schemes
are already flexible enough but only that the
philosophy and the methodology of the concept
will allow build in flexible options without further
constraints.

In this context, one of the major tasks of the
national legislators when introducing or reforming
water laws is to establish a transparent water
licensing system, which not only enables the
orderly allocation of a scarce resource but also
leaves room for modifications of the sharing water
rules as response to changing circumstances. The
ultimate goal of any effort to introduce or mainly
reform water allocation schemes is thus to
establish effective and equitable risk regulations,
being characterized to some extent by a
provisional and experimental character. Towards
this direction, central elements of a flexible and
simultaneously fair allocation regime could be the
following: 1) the setting of clear-cut criteria on
which the prioritization of water uses should be
based, including also the consideration of social
and environmental needs 2) the detail setting of
the standards conditions for granting licenses 3)
the introduction of the periodic review of water
allocation as the rule governing allocation regimes
in association with the possibility to include special
provisions in water licenses addressing both
quantity and quality variability 4) the establishment
of registries of the granted licenses and of strong
mechanisms to regularly monitor the compliance
of the users’ withdrawals with the terms set in the
licenses as well as the condition of the scarce
resource 5) the introduction of penalties mainly of
administrative nature provided for the cases of
breaching the licenses’ terms’®. Finally, it should
be emphasized that the legislative framework in
place also has to include certain provisions so that
a fine balance is struck between the flexibility in
water allocation and the relative security of the
water-related investments’’.

2. The transboundary level

Similar issues relating to the necessity to build in
flexibility are also raised within the concept of
transboundary water agreements, which not only
establish the legal and institutional framework for
the management and the protection of the shared

® See A. Iza/R. Stein (Eds), supra note 21, p. 55 ff;
E.Levina/H.Adams, OECD, supra note 54, p. 32-33.

" See T. Le Quense/G. Pegram/C. von der Heyden, Allocating
Scarce Water, A primer on water allocation, water rights and
water markets, WWF UK, 2007, Godalming UK, available at:
http://assets.wwf.org.uk/downloads/scarce water.pdf (last
accessed on 18 January 2010) ,
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resource but also often set the amount of water
the upstream riparian delivers to the
downstream’®. Typically, such treaties are used to
allocate water on the grounds of the assumptions
of water availability drawn from historical
precipitation patterns. These patterns are, though,
no longer valid. Since either climate-induced
changes or other socio-economic factors can
hinder the (upstream) riparian’s ability to supply
the volume of the water provided in the
transboundary water agreement, it is of crucial
importance to establish the appropriate
mechanisms within agreements in order to
accommodate the changes in water availability79.
The inclusion of mechanisms into the treaties for
enhancing the flexibility to cope with water
variability is, though, a task even harder than the
similar task at the national level. This is due to the
fact that the difficulties caused by uncertainty and
climate-induced changes are added to those that
are the consequence of the historical, cultural and
legal differences already existing in the shared
basins, which are regulated by the relevant
transboundary water agreements. Therefore, the
absence of such mechanisms in the majority of
the trnasboundary agreements can be interpreted
mainly as a lack of political will and not as a lack
of awareness®. Yet as water crisis (raising
numbers of extreme weather events and changes
in water availability), have started to emerge in the
shared basins, political and legal approaches that
do not take sufficiently into account the new
circumstances, would not only be ineffective, but
they could even lead to major political crises.

Although at this point no extensive analysis about
the variety of the relevant mechanisms as
established in the Treaties can take place, certain
remarks are made, which focus on the modus to
be adopted and the options available towards
enhancing the flexibility of water allocation
regimes. The first remark relates to the
significance of considering not only the optimistic
water availability scenarios but also the extreme
hydrological values, when negotiating or reviewing
existing transboudary water agreements

® See E. Benvenisti, Collective action in the utilization of
shared freshwater : the challenges of international water
resources law, The American Journal of International Law, Vol.
90, 1996, p. 384-415; I. Fischhendler, Legal and institutional
adaptation to climate uncertainty : a study of international
rivers, Water Policy, Vol. 6, 2004, p. 281 (282-284).

™ See P. Gleick, Water and conflict, freshwater resources and
international security, International Security, Vol. 18, p. 79ff; .
Fischhendler, supra note 57, p. 282.

% See I. Fischhendler, supra note 57, p. 298.

8 See Draft Guidance on Water and Climate Adaptation, supra
note 15, p. 33.

Furthermore, options for making more flexible the
water allocations to be delivered from the
upstream to downstream riparian countries should
be examined during the negotiation process and
then consensus for one of them should be
reached. Another option, which reflects the
approach of the water allocation rules regarded as
risks regulations and subsequently emphasizes
the “periodical” and “experimental” character of
the norms, is the one that provides for the periodic
review of the allocation rules by setting a specific
provision in the Treatygz. Finally, it should be
underlined that any effort to pursue a more flexible
and equitable water allocation at transboundary
level can be successful only if it is undertaken and
implemented by joint institutions (i.e river
commissions) in the shared basin. These
institutions should be granted a strong mandate
and a wide scope and jurisdiction, which goes far
beyond their basic competencies (i.e control and
monitoring of water uses or the regulation of water
infrastructure development) and can even include
a conflict-resolution mechanism, in order to have
the capacity to handle effectively delicate issues
with important political implications 8 The
adoption of a participatory management approach
by the joint bodies and the promotion of a
continuous and active dialogue with all relevant
stakeholders is also important in terms of
increasing the legitimacy and the efficiency of the
decisions taken.

IV. The Epilogue

Climate change and its wide-ranging effects have
accelerated the paradigm shift that has already
started taking place in environmental law. This is
more than evident in the field of water law, where
the assumptions on which regulations were
based, are no longer valid due to the
intensification of extreme weather events and the
unforeseen changes in water availability. Despite
the difficulties that the climate change, which it is

8 See G.T.Raadgever/E.Mostert/N. Kranz/E.Intewies/J.G.

Timmerman, Assessing Management Regimes in
Transboundary Rivers : Do they support adaptive management
?, Ecology and Society, Vol. 13 No.1, Art. 14, available at :
http: /Imww.ecologyandsociety.org/vol13/iss1/art14 (last
accessed on 5 November 2009).
% See E. Feitelson/M. Haddad, Identification in Joint
Management Structures for Shared Aquifers, A comparative
Palestinian-Israeli Effort, World Bank Technical Paper No 415,
The World Bank, Washington D C 1998, p. 10ff. = Swedish
Ministry  for  Foreign  Affairs, Transboundary Water
Management as an International Public Good, Stockholm,
2001, available at:
http://docs.watsan.net/Downloaded_Files/PDF/ODI-2001-
Transboundary.pdf (last accessed 9 November 2009); I. I.
Fischhendler, supra note 57, p. 283-284.
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regarded as the most important pressure on water
resources, as well as other factors (e.g increasing
population and increasing water demand), pose
on the water management institutions, they should
be seen not as threats but as catalysts for better
water management.

Water law is the most important means for
pursuing the goals of an efficient, equitable and
sustainable water management under the newly
emerged circumstances. Towards this direction,
national water laws should adopt a more
integrated and “learning by doing” approach. The
relevant regulations have thus to be reformed
substantially in order to improve their
responsiveness to climate change impacts and to

provide a flexible and effective framework for
robust management practices, while taking
strongly into account social and environmental
needs. At the transboundary level, the water
crises that are expected to be intensified as
consequence of the increasing water scarcity,
make it more than necessary to promote a culture
of trust among riparians. This should eventually
result in the adoption of clear-cut and
simultaneously flexible (allocation) rules within the
transboundary  agreements and in  the
establishment of joint bodies that not only have
strong mandates and but also promote new forms
of collaborative governance.
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Abstract

In the recent years a remarkable turn from centralized systems for electricity generation to decentralized
ones has been observed due to the technological innovations and to the radical changes in the economic
and regulatory fields. Distributed generation is gradually introduced as an alternative solution to confront
with serious issues which have emerged from the traditional development and operation of power
systems. Mainly, these issues regard the high cost and time consuming infrastructure required for the
construction of new generation plants and transmission lines and their proven environmental
consequences. Additionally, these facilities are related with centralized planning policies, which is an
obvious contradiction with the new trend guided by the electricity market liberalization.The benefits from
the development of DG mainly come up from its flexibility in the new liberalized market and the
environmental friendliness it exhibits. Since power reliability is one of the major concerns especially for
customers with important loads (e.g., industries, hospitals) the liberalization of electricity market gives
them the opportunity to invest in DG facilities in order to reassure their power needs and therefore
increase the overall system reliability. However, some important difficulties are met towards the direction
of DG development. First of all the specific technical issues have to do with the drastic influences brought
by DG to the grids. While DG may provide adequate support to power quality, the large-scale
implementation of DG schemes can create problems related with voltage stability, reactive power support
and short-circuit levels. Additionally, financial reasons impede a fast and wide-spread evolution of DG.
The capital costs/kW required for the construction of DG units is still high compared to large central plants
mainly due to the fact that DG technologies are considered new (microturbines, PV).The paper presents
the economic and technical barriers for the penetration of DG in Romania, the necessary regulatory
measures that would contribute to a secure and economical integration of DG and the priorities for further
research that has to be carried out for fundamental innovations in the Romanian grid.

Keywords: distributed generation, decentralized systems

1. Introduction

Mitigating climate change and achieving the
reduction of greenhouse gas emissions requires
development and dissemination of new or
improved low-carbon energy technologies. In
addition to R&D efforts, effective policies,
regulations, market deployment strategies and
economic tools need to be part of a
comprehensive approach.

Distributed generation have, in the long term, the
potential to make a large contribution to the EU
energy supply, achieving security of energy supply

and environmental sustainability. The main targets
are to:

- Decrease the cost of electricity and fuel
supplies to competitive levels developing
highly efficient concepts and achieving major
cost reductions in the entire production chain;

- Improve reliability, safety, availability, system
efficiency  and durability  with long
maintenance intervals of electricity supply.

Transforming the conventional power transmission

and distribution grid into a sustainable, unified and

active energy service network with a large share
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of DG requires new concepts and systems for
planning, control and supervision.

In Romania DG utilization is making its first steps.
In the last years the interest of investors in
installing wind power plants (WPP) has increased
considerably. It is expected that the investments in
such DG technologies will grow even more due to
Romania’s efforts to comply with the new
European energy policy and to promote the use of
RES and DG.

The potential for renewable energy sources is
very high and some successful projects are in
place, but the investment rate in the renewable
sector is quite low. Romania has seen
improvements in energy efficiency and energy
intensity, yet it has a long way to go from this
perspective when compared to the EU Member
States.

2. Structure and prospects

In the total participation of RES to the power
balance hydro energy has the biggest share.
Romania has a long tradition in using hydro
energy for electricity production. Hidroelectrica,
the state-owned company that dominates the field
of power generation by hydropower sources, has
275 power plants and power pumping stations
summing up an installed capacity of 6,374 MW
with a power generation in an average
hydrological year of 19,772 GWh. The main output
comes from large hydropower plants. From the
total installed capacity 91.5 MW s in power
pumping stations and 244.5 MW in power plants
with an installed capacity less than 10 MW. In
2008 the electricity production in hydropower
stations was 17 TWh.

Until 2011 Hidroelectrica has plans to put in
operation 26 new hydro plants that could enhance
the installed capacity with 392 MW and increase
the electricity production with 1,400 GWh/year.
Also until 2016 Hidroelectrica intends to refurbish
power capacities with a total installed capacity of
3417 MW meaning 333 GWh/year.

According to the development strategy of
Hidroelectrica it is forecasted that 70% of the
hydro potential will be used up to 2025 (compared
to 50%, which is today) and the electricity
production will reach 24 TWh for an installed
capacity of 9,000 MW,

At present in Romania the installed capacity in
wind turbines is 11 MW. The wind power is the
only renewable source for which there are
important projects because there is a great
number of private investors interested in installing
new wind generation capacities. So far the TSO

has received requests for grid connection for
about 7,000 MW. In the present situation the NPS
cannot integrate such a high wind generation
capacity. For the safe operation of NPS, the
installation of a certain wind capacity with a
variable power generation means the existence of
some reserve units of similar capacity and with
high flexibility in operation. In these conditions it is
estimated that in a first phase only 1,000 — 1,500
MW will be integrated into the NPS. So far the
TSO has issued connection agreements for an
installed capacity of 900 MW.

In the last years there was a certain increase in
solar electric utilization but it is not expected to
have a significant contribution in the power
balance mainly due to the high investment costs.

3. RES-E targets

GD 443/2003 regarding the promotion of
electricity production from renewable sources
settles for 2010 a target of 33% quota (including
large hydro) for the electricity produced from
renewable sources in the gross domestic
electricity consumption.

Additional to the 33% quota for 2010, the Energy
Strategy of Romania for the period 2007 — 2020
settles a target of 35% in 2015 and 38% in 2020
of RES-E in the gross domestic electricity
consumption.

4. Existing legislation
Despite the great renewable potential of Romania
the investments in this field are in a pioneering
phase due to the fact that the legislation for RES
promotion has been developed only recently.
The Romanian energy market is regulated by the
new Energy Law no 13/2007 and the secondary
legislation issued by the National Authority for
Energy Regulation. The secondary legislation
includes:

Wholesale Electricity Market

Code (revised version)

Network Codes (Grid Code — revised version,

Distribution Code)

Metering Code

Technical and commercial regulations

Tariffs methodologies

Authorizations and licenses

Rules regarding the connection to the

networks

Performance standards

Commercial

The Romania’s main energy regulatory framework
is summarized below:
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Act

Main content

Law 220/2008

Establishes the promotion system for RES electricity generation

GD 750/2008 approving state
subsidies for RES utilization

Approves state subsidies in order to support initial investments in
RES projects for heat and electricity.

GD 90/2008

Regulation regarding the interconnection of generators to the power
grids of national interest

Energy Law no 13/2007

Creates the regulation framework for activities from the sector of
electricity and heat produced in cogeneration, taking into account the
security of supply, the optimal utilization of primary energy resources
and the environmental protection. Also provides general provisions
regarding promotion of electricity produced from renewable energy
and cogeneration.

Transposes articles from the EU Directive 2003/54/CE concerning
common rules for the internal market in electricity and repealing
Directive 96/92/EC and provisions of Directive 2004/8 CE on
promotion of cogeneration based on a useful heat demand in the
internal energy market and amending Directive 92/42/EC

GD 1844/2005 on promoting the
use of bio-fuels and other
renewable fuels for transport
amended by GD 456/2007

Transposes into the national legislation the provisions of the Directive
2003/30/EC for promoting the use of bio-fuels and other renewable
fuels for transport

GD 1535/2004 approving the
National Strategy for Renewable
Energy Sources Utilization

Calculates the renewable energy potential in Romania and defines
the strategy for RES utilization up to 2015.

GD 1892/2004 completed by GD
958/2005

Establishes the promotion system for electricity production from
renewable sources

GD 1429/2004

Approves the regulation regarding the origin certification for the
electricity produced from RES

GD 443/2003 regarding the
promotion of electricity production
from renewable energy sources -
amended by GD 958/2005

It was adopted in order to comply with the EU RES-e Directive
2001/77/EC. Establishes the legal framework needed for the
promotion of the program for increasing the RES contribution to the
electricity production having in view the actual potential of these
sources.

5. Promotional prices for RES
In Romania

2020.
The electricity producers

the mandatory quota
combined with the green certificate trading system
is applied. The mandatory quotas settled vary
from 8.3% for the period up to 2012 to 16.8% in d)

receive

c) two green certificates for each MWh of
electricity produced in HPPs with an installed
power up to 1 MW and delivered into the
network

two green certificates up to 2015 and one
green certificate starting with 2016 for each
MWh produced in WPPs and delivered into
the grid

system

from the

transport and system operator (TSO):

three green certificates for each MWh

a) one green certificate for each MWh of . , o
electricity produced in new HPPs or produced from biomass, blogas,.blohqu!ds,
refurbished HPPs with an installed power up geothgrmal energy, etc. and delivered into
to 10 MW and delivered into the network the grid

b) one green certificate for each 2 MWh of f) four green certificates for each MWh

electricity produced in HPPs with an installed
power between 1 and 10 MW, other than
those mentioned at a), and delivered into the
network

produced from solar energy and delivered
into the grid.

The green certificates can be traded on the green
certificates market aside from the RES electricity
produced.
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The price of green certificates varies in a range
established by the National Energy Regulatory
Authority (ANRE). For the period 2008-2014 the
annual minimum and maximum values for green
certificates trading is 27 Euro/certificate,
respectively 55 Euro/certificate.

The suppliers that fail to cover the annual quota of
green certificates must pay to the TSO the value
of the certificates they did not purchase (70
Euro/certificate). The penalties are collected by
the TSO and used annually for investments in the
national grid for facilitating the access of electricity
producers.

6. Regulatory obstacles to the deployment of
DG and necessary legislative and regulatory
measures

The main regulatory framework for promotion of
power generation from RES (including DG) has
been created in Romania. Also the Regulator
issued the entire regulation package needed for
applying the promotion mechanism for RES
electricity production.

Analyzing the legislation in force a number of
elements that can negatively influence the
deployment of distributed generation have been
identified. These obstacles can be removed by the
application of a number of appropriate legislative
and regulatory measures:

a) Responsibilities in the promotion of energy from
RES

Obstacle

Analyzing the regulations enacted so far we have
noticed that responsible for RES energy
promotion are mentioned a number of institutions
and state administrative authorities (Ministry of
Economy, local authorities, ANRE, ARCE) that are
not appointed by law to execute economic
activities (execution of pilot projects in the RES
field, implementation of new execution projects for
new capacities, etc.) and do not have a specific
apparatus for developing such activities. The
established responsibilities and competencies in
the field of RES are not clear. The management of
such activities of a special importance for the
country can only be achieved by dedicated
structures.

Measure

- Creation of a management body within the
Ministry of Economy and Finances dedicated
to the activity of RES energy promotion and
achievement of RES strategy goals.

b) Elaboration of national potential for CHP

Obstacle

Romania adopted into its national legislation the
provisions of EU directive 2004/8/EC by enacting
GD 219/2007 concerning the promotion of
cogeneration based on a useful heat demand. So
far secondary legislation has been elaborated for
the:

- adoption of the harmonized reference values
and of applicable correction factors;

- procedure for issuing the guarantees of origin
for the electricity produced in cogeneration of
high-efficiency;

- approval of bonus-type support scheme applied
to the cogeneration electricity production.

However no steps have been made towards the
elaboration of an analysis for the national
cogeneration potential of Romania.

Measure

- Analysis for the national potential of high-
efficiency cogeneration of Romania

c) Cost allocation
Obstacle

The electricity suppliers are obliged to purchase
the electricity produced in cogeneration or by
RES, then the grid operators have to ensure the
priority connection of all RES or cogeneration
units. This means that the grid operators have to
make investments for the integration of such
generators.

There is a number of disaggregated cost
components describing total integration costs of
intermittent DG generation technologies: DG
power plant, grid connection, grid
reinforcement/upgrading, short-term system
balancing, long-term system adequacy. The costs
that affect the grid operators are related to:

- grid strengthening and development

- back-up capacities from other power plants
that have to be kept in reserve for cases of
total generation outages of DG, such as WPP,
as well as for balancing variations in wind
energy injections

- development of new activities.

All these costs are submitted to the regulator for
approval and then they are reflected in the price of
the consumers.

The regulations related to DG integration into the
grids should take into consideration future
responsibilities and corresponding investment
needs of grid operators (e.g. for the
“transformation” of existing passive distribution
grids into actively managed distribution networks
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absorbing large-scale distributed and intermittent
RES generation) including an adequate cost
allocation solution to encourage a large DG
integration at a minimum cost to society.

Measure

- Approval of a procedure for DG integration into
the grids and development of a mechanism for
determining a fair cost allocation to distribution
and transmission companies for distributed
generation integration

d) Inventory of RES
Obstacle

The potential for renewable sources is quite old
and its values are calculated at country level. No
updating of the RES potential maps has been
done so far and the protected areas are not
excluded from the potential maps. The lack of
knowledge about the protected areas on which
constructions are not allowed creates many times
problems to the DG investors in obtaining the
environmental permit.

Also there is no centralized database regarding
the areas with RES potential or a portfolio of RES
projects to help the investors in selecting their
investment location. In many situations, foreign
investors had to “visit” many organisms of the
local and central administration without finding an
answer to their questions.

Measure

- An inventory of renewable energy sources by
sources and regions and exclusion of protected
areas from the RES potential maps

e) Improvement of administrative procedures
Obstacle

Project developers need to obtain an entire
package of permits and approvals from a series of
state and municipal authorities, depending on the
project specifics. Having to deal with the
Romanian administrative system this process of
obtaining all approvals is very heavy and time
consuming and could take up to two years, which
brings to delays for the investment project. This
could be a serious obstacle in the deployment of
DG, therefore it is important to achieve a reduction
of bureaucracy in the process of obtaining
environmental and local permits.

Measures

- Establishing procedures for DG project
proposals and diminishing the response times

- Improvement of the “Guide for RES electricity
producer” with information related to the
authorization procedure for a RES generation

capacity construction. This Guide,
recommended by the EU Directive 2001/77/CE,
needs to be improved and completed for a
better information of the investors in DG
capacities

7. Research priorities

In order to integrate DG to the Romanian power
system there is a need for sustained research and
measures to overcome the obstacles of
regulatory, economic and technical nature. The
following research priorities have been identified:

7.1 Assessment of the RES and CHP
potential

The RES potential studies are quite old and they
need to be updated by taking into account the
actual Romanian economic premises and the
latest technologies available.

It is also important to make an inventory of the
renewable sources existing in Romania at
present, by sources and regions. Within this
inventory all the regions with maximum exploitable
potential by type of RES should be identified. All
this information is necessary to be made available
for the DG investors for their good orientation and
support.

On the other hand, CHP is used in Romania at
district heating companies and at large industrial
enterprises where there is large-scale heat
demand. The economic prospects of CHP are
very good in all sectors and the acceptable price
for heat delivery allows good competitiveness at
the final consumers. With the new GD on the
promotion of cogeneration based on a useful heat
demand it is expected an increase in CHP
potential utilization. Therefore studies for CHP
potential need to be carried out.

7.2 Technical priorities

Romania is confronted with a huge request for
electricity production in wind power plants with
installed power ranging from 2 MW up to 255 MW
grouped in wind farms. The solution studies
carried out by ISPE (for more than 4,000 MW)
emphasized a series of problems related to mainly
two important issues:

- the connection possibilities;

- how the NPS grid should react when it has to
deal with a power source with random and
intermittent operation mode.

The problems signaled in relation to the grid
connection are the following:
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- limited possibilities of the existent networks
(distribution as well as transport) to evacuate
the power produced by the wind farms;

- the effects of wind farms connection to the
grids, especially regarding the voltage level
and the power quality

a) Impact of DG on the design and operation of
the grid

The search for technical solutions has started in
Romania by solutions studies regarding the DG
connection to the grid that have been carried out
as a response to the recent large interest of
investors in wind power.

The solution studies highlighted the following
aspects:

At MV level (20 kV)

- connecting WPP of maximum 10 MW - due
to the reduced capacity of the evacuation
line or due to the risk of overpassing the
short circuit capacity of the interconnection
substations

- difficulties in maintaining the flicker effect in
the limits set by the technical norms for the
20 kV grids

- problems in keeping the voltage in its
admissible limits

At HV level (110 kV)

- need of tele-transmission means on the 110
kV lines (e.g. optical fiber) which requires
additional expenses for the connection
options of a WPP directly to an existing line

- Romanian HV grid is apparently well
developed but it will not be sufficient for all
DG producers, therefore the distribution
network needs to be developed and
research is needed for its transformation
from a passive network into an active one

At transport network level (220 kV, 400 kV)

- The Romanian power system does not have
enough quick start tertiary reserves which
are required not only for wind operating
systems. So far technical connection
permits have been issued for 1,650 MW but
according to the analyses of the National
Dispatch Center (DEN) quick start tertiary
reserves are available for only 800 MW

b) Research in grid elements

Having in view the recent orientation of investors
towards the production of electricity in wind power
plants it is very important to make efforts in the
direction of using last generation of power
electronics and invertors available in countries
with better experience in DG in order to improve

the reliability and flexibility of the distribution
system

Also the Romanian research community needs to
focus on the improvement in manufacturing,
design and technology in order to achieve the
performance targets.

Together with researches in converter topologies
and control, the use of new materials for
semiconductors and magnetic components could
significantly contribute to the increase of
performance.

On the other hand, Information Communication
Technology (ICT) is a compulsory requirement for
a performant grid management. In Romania there
is a foundation for this type of management — the
dispatching system is organized on levels
(national, territorial, zonal, local, enterprise level)
but the existing communication means are
generally suitable for 110 — 400 kV grids. Due to
the limited possibilities for financing innovations in
the network, ICT implementation should be carried
out gradually, after a preliminary plan taking into
account the priority of urgent needs, expenses
and time needed for their introduction.

c) System research

Assessment and improving the grid
possibilities to integrate DG

- studies regarding the impact of WPPs on
the national power system (NPS)
emphasized that the use of dimensioning
criteria applicable in the case of classical
power plants is not conclusive. For instance,
the connection solution analysis cannot be
done only at peak load - DGs like WPPs
cannot be planned so that they cannot be
correctly considered in covering the load
curve; the distribution and transport grids
require strengthening investments for wide
penetration of DG

- Another problem that is not yet solved in
Romania is the calculation of the transitory
stability

- Another very important issue that is still in
discussions phase is the wind forecast - no
proper solution for this issue — for instance, a
cooperation between the TSO, the National
Agency for Meteorology and wind dispatch
operators

Active Design Concept for the Grid Structure -
even though in Romania there are requests for
the installation of over 12,000 MW in WPPs up
to 2012, it is not exactly known if all this power
could be installed. This creates difficulties to the
grid operators in planning the development of
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the distribution and transport grids. Having in
view the rise of DG level it is important that grid
operators develop active network management
for integrating DG to the grid.

Demand Side Management - DSM programs
consist of the planning, implementing, and
monitoring activities of electric utilities that are
designed to encourage consumers to modify
their level and pattern of electricity usage. The
various opportunities  for including the
consumers into the grid operation are not used
in the Romanian electric system and need to be
properly researched

Micro-grids - The micro-grid concept allows for
local control of distributed generation thereby
reducing or eliminating the need for central
dispatch. During disturbances, the generation
and corresponding loads can separate from the
distribution system to isolate the micro-grid’s
load from the disturbance (and thereby
maintaining high level of service) without
harming the transmission grid integrity.
Intentional islanding of generation and loads has
the potential to provide a higher local reliability
than that provided by the power system as a
whole. At EU level there is a high level of
interest and research on the utilization of micro-
grids concept and research is also needed to be
done in Romania towards its implementation.

d) Electricity Storages - Widespread deployment
of DG in the future will face the fundamental
difficulty that they are intermittent, requiring
demand flexibility, backup power sources, and
very likely enough electricity storage for days to
perhaps a week. Strategically-placed storage
systems can increase the utilization of existing
transmission and distribution (T&D) equipment
and defer or eliminate the need for costly T&D
additions. In Romania the most common storage
technology is pumped hydro storage. With the
expected construction of wind parks and
cogeneration plants in the field of storages the
research priorites for Romania should be
concentrated on the use of the best fitting
technologies for DG.

e) Research in Distributed Generators
Technologies - the equipment manufacturing is
done on a very small-scale and for the new DG
investments imported equipment and systems are
preferred.

7.3. DG Economics

It is difficult to assess, even in general terms, the
attractiveness of DG to electric utilities, since the

economics vary widely based on the utility’s actual
system configuration and the loads to be served.

Distributed generation has some economic
advantages over power from the grid, particularly
for on-site power production, such as:

On-site production avoids transmission and
distribution costs

Production can be limited to parts of the day
when grid electricity is expensive, with grid
power purchased at less costly periods

DG can be available in the case of a power
system outage to assure a more reliable
supply

Distributed generation may also be better
positioned to use inexpensive fuels such as
local biomass

In addition to this technological flexibility, a
distributed generator may add value to the power
system by delaying the need to upgrade a
congested transmission or distribution network, by
reducing distribution losses, and by providing
support or ancillary services to the local
distribution network.

On the other hand, DG has higher unit capital
costs per kilowatt than a large plant due to high
combined capital, running, and maintenance costs
of DG systems. The economics of distributed
generation therefore depend on complex mix of
economic factors.

In Romania DG technologies are not sufficiently
developed and researches on the economic
characteristics of the distributed generation are
totally lacking. An understanding of the
fundamental economics of DG is essential for
policymakers to address concerns, such as
allocation of benefits, levying of added costs and
other competitive issues and to arrive at sound
decisions regarding the future of DG.

7.4. Pricing and allocation of the costs

The support scheme selection is the key for
success in DG promotion because this is what
establishes the profitability of investments in
creating new capacities and is the main element
for attracting the investors.

Romania has adopted as promotion mechanism
for RES power generation the mandatory quota
combined with the green certificate trading
system. Due to the fact that in the last four years
since this promotion mechanism is in force the
results are quite modest, an analysis should be
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done towards finding whether the feed-in-tariff
would be a better support scheme for RES
investments encouraging.

On the other hand the research on the
development of a mechanism for proper allocation
of costs to distribution and transmission
companies for DG integration to the grids is
needed.

8. Priorities timing

From timing point of view, the research priorities
of Romania can be divided in short-term, medium-
term and long-term.

Updating of the potential of RES

Assessment of the potential of
Short-term CHP

priorities Impact of DG on the design and
operation of the grid

Pricing and allocation of the costs

Contemporary power electronic
interface

ICT for network management

Assessment and improving the

Medium-term grid possibilities to integrate DG

priorities _ i
Active Design Concept for the
Grid Structure

Demand Side Management

DG Economics

Microgrids

Long-term priorities | Electricity storages

Research in DG technologies

9. Conclusions

In Romania DG utilization is in its very beginning.
After four years since the creation of the

References

regulatory framework for the RES-E promotion
mechanisms the results are modest. It is expected
that the investments in DG technology
applications will grow due to Romania’s efforts to
comply with the new European energy policy and
to promote the use of RES and CHP. It is
necessary to take more active measures for
accelerating RES utilization for power generation.
One of these is the creation of a management
department within the Ministry of Economy and
Finances responsible for the implementation of
the national RES strategy.

In order to integrate DG to the Romanian power
system there is need for sustained research and
measures to overcome the obstacles of
regulatory, economic and technical nature.

Strategically important areas in which research
should be concentrated in Romania are:

application of new technologies and concepts
for the operation and exploitation of the
networks to be able to cope with the
integration of RES and other DG

use of Kkey technologies providing the

distribution networks with high power quality

and security of service

improvement of DG technologies
With the recent “rush” for wind power in Romania
additional measures are needed in order to
ensure the security and stability of the national
power system in accordance with the UCTE
methodology on system adequacy. In this respect
a procedure for DG integration into the grid
including a mechanism for adequate allocation of
the cost of transmission and distribution
companies for integration of DG should be
elaborated with respect to a long-run optimization
of the system.

1. Law 220/2008 establishing the promotion system for RES electricity generation, November 2008
2. GD 90/2008 approving the Regulation regarding the interconnection of generators to the power

grids of national interest, February 2008

3. GD 219/2007 concerning the promotion of cogeneration based on a useful heat demand, March

2007

4. The Electricity Transmission System Operators Views on the Integration of Wind Energy in the
European Electricity System, Media Release of UCTE and ETSO, 2006

5. GD 443/2003 on the promotion of electricity produced from

renewable energy sources, OG

24.04.2003; latest amendment GD 958/2005, OG 06.09.2005
6. UCTE Position Paper on Integrating wind power in the European power systems - prerequisites for

successful and organic growth, May 2004

104 Proceedings of the 2" International Scientific Conference
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece



Proceedings of the 2" International Scientific Conference
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece




Proceedings of the 2" International Scientific Conference
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece




Quantifying the chance for releasing of a hazardous

substance owing

to accidents

Julian Argirov
INRNE Researcher (Corresponding Author)

Tel: 359 878 578050
e-mail: argirov@inrne.bas.bg

Address
Analysis of Energy Systems Lab. Institute for Nuclear Research and Nuclear Energy, 1784 Sofia, Bulgaria

Abstract

The number of hazardous installations in use and their diversity constantly increases in time. Each of
those technological facilities is a potential source of major accidents with huge or catastrophic impacts on
the environment, on the climate or directly on the human health. The paper briefly comments on an
approach for addressing the uncertainty about the unacceptable consequences expected from a particular
hazardous unit. The first stage of the approach is discussed in a case study. This part of the methodology
is capable to search for and rank those likely abnormal situations having high potential to progress further

on into major accidents.
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1. Introduction

Nowadays, the natural phenomena like
earthquakes and volcanoes are only some of the
hazards, which can affect seriously human live
and the environment. Modern society relies on
various fixed and movable facilities as those of
process industries, the energy sector and offshore
platforms, also on vehicles for land and marine
transport, and airplanes. Many of these
engineering systems (ES) use, produce and store
hazardous materials. Both moving vehicles and
fixed technological installations can be
responsible for distinct health effects on their
personnel and off-site population, so for various
impacts on the flora and the fauna.

While operating normally, some installations of the
energy sector and process plants emit
permanently distinct substances. In general,
continuous emissions of dangerous substances
from any ES, are easier for observing and
predicting. There is no doubt that the effective
techniques for capturing of specific dangerous
substances, escaping from an ES at a continuous
rate, may be neither simple nor cheap to
implement. However, the uncertainty, about the
negative effects on the human health and the
environment due to permanent emissions, can be
reduced simply by monitoring the daily production
rate of the dangerous substances. Thus, efficient
protection measures against the continuous

pollution of air or poisoning of the soil and waters
are easier to implement than against the
accidentally occurring harmful impacts, which
fixed installations and vehicles also can give rise
to.

After the start of the industrial era (in about 1750
B.C.), the “capacity” of ES to utilize diverse
hazardous substances in civii and military
industries enhances from a day to a day. Since
unexpected releases from hazardous installations
(HI) keep occurring, accidents at such ES can turn
into sources of shocking impacts, whose potential
for damaging of smaller or larger regions of the
Earth, may increase constantly. A list of accidents
ending with catastrophic health and environmental
effects can be too long. The accidents at: Bhopal
chemical plant in 1984 (e.g. Khan & Abbas, 1997),
Chernobyl NPP in 1986 (see IAEA, 2006),
offshore platform Piper Alpha in 1988 (e.g. HSE,
2004) etc. are only several from those occurred in
the recent 25 years all over the world.

Although major accidents at HI rarely happen, due
to their huge or catastrophic immediate and long-
term consequences, they are risk-significant. On
the other hand the accident consequences are too
diverse and should be assessed in terms of
human deaths and injuries, financial losses,
ecological damages etc. Actually, the experience
shows that accidents can never be entirely
prevented. However, implementing different
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means to reducee the chance for severe
consequences is a reasonable strategy for
minimizing the resources that should be spent for
post accident activities.

Since the ionising radiation damages living cells
and the half-life of some radioactive materials is
thousands of years, living beings must be
protected as effectively as possible from the
products of nuclear fission. Specific nuclear
legislation also the design concepts, application of
several levels of strictly independent defensive
barriers, redundant safety systems and various
organizational procedures, guarantee high safety
of a Nuclear Power Plant (NPP) unit although it is
a source of radioactivity.

Indeed, keeping acceptably low the chance for no
adverse impacts on the human health and the
environment needs several defense barriers to
isolate radioactive substances. Although, the
accidents stemming from non-nuclear HI usually
cannot lead to extremely  long-lasting
consequences, the release of some toxic
substances may cause both immediate and long-
term damages. The Seveso disaster in 1976, in
which the surrounding area near Milan was
contaminated with tetrachloro dibenzo dioxin, is
such an example.

Taking care about high level of safety for the non-
nuclear establishments, the EU Council defines in
1996 the Directive 96/82/EC (known as Seveso
I). The Seveso Il lists many requirements for
installations, operating with big amounts of non-
nuclear dangerous substances which the
legislation of each of the member states should
implement. The philosophy of the Seveso Il
directive is discussed in many works for instance
(Hawksley, 1999), (Kirchsteiger, 1999),
(Mitchison, et al, 1999), etc.

From 2002 the first edition of the Bulgarian law for
“Environmental protection” is in force and it is
under permanent updating. Chapter 6 of the law
obliges all individuals and organizations, before
starting whatever activities, to obtain special
assessment specifying their possible impacts on
the environment. The chapter 7 of the same law
directly applies the Seveso Il directive to everyone
whose activities in the country poses non-nuclear
hazards. It specifies that every operator of a large
scale facility must classify it as a unit with low or
one with high risk potential for the environment.
The operator of a highly risky installation needs a
safety report that should be periodically updated.

The non-nuclear installations of the energy sector
contain mainly big amounts of combustible or
flammable materials. Some toxic substances also

can be present in those ES. Thus, the potential of
major accidents, emerging form such installations,
to generate big quantities of pollutants, including
GHG, is huge.

Section 2 of this paper briefly presents a method
for identifying those zones at a certain
establishment from which accidental scenarios
can emerge. The section also discusses the
ranking of likely release scenarios by the release
rate of certain hazardous substances. Section 3
comments on a simple case study showing how
the method can be applied. The section 4 lists
some conclusions.

2. Generic features of the approach

A hazardous substance is free to escape in the
vicinity of a hazardous unit after all barriers
installed to isolate it have lost their integrity. Thus,
the first stage of predicting the frequency of
severe undesired consequences in all directions
from a Hl is to quantify the chance for emerging of
situations that turns in major accidents. Once an
accident has emerged the proper action of all
mitigating systems and procedures, designed to
prevent the progress of accidental phenomena,
determines the chance that dangerous
substances will escape and harm a target region.
Finally, the frequency of huge consequences in
any target zone can be quantified correcting the
occurrence frequency by a number of conditional
probabilities.

The paper comments on some elements of the
entire methodology. It very briefly considers the
method for quantifying the frequency for emerging
of major accidents at a HI. Actually, the paper
focuses on quantifying the chance that the
disturbances with a high risk potential can emerge
from each part of a hazardous facility.

The frequency for arising into a given zone X of
the HI of accidents whose risk potential is higher
than a given threshold can be formally assessed
as:

Fix = F3P(A4|F;), where A, (Ry Dy)

F; — Occurrence frequency of specific type of
accidents in all zones of the installation J of
interest. This entity is considered in many
references (e.g. Bier & Yi, 1995; Argirov, 1999)
etc., and there is no discussion on it here;

P(Ax (Rx DyI|F;) - The chance that the complex
event A, addresses sufficiently well the
uncertainty associated with emerging of accidents
of a given type in the zone X of the installation J.
Probability theory helps for quantifying this
chance;
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The event A, specifies those random and
deterministic factors that determine the risk
potential of abnormal events in whose further
progress hazardous substances escape out of the
defensive barriers. The symbols R, and Dy
indicate sets (vectors) consisting of the values of
the random and the deterministic parameters,
respectively. Members of both sets can deviate in
the space and time and can be complexly related
logically each other. A simple case is considered
here in which none of the random parameters
varies after the time t>0 and each of them is also
independent from the deterministic ones. Actually,
this is a reasonable assumption if the emerging
accident is running too fast and the feedback
impacts by automatic and operators cannot
prevent the accidental phenomena helping the
hazardous substances to bypass defensive
barriers.

The set R, includes values of such random factors
that identify how those barriers, which are
available at the zone X of the HI J, can fail at the
time t=0. The initial values of the deterministic
variables, D,[t=0], should be known to predict how
the indicators for severity of the potential
accidents vary. Using the symbol D,[t]|Ry for the
zone X shows that the time variation of any
deterministic parameter can depend on anyone of
the random ones.

Due to the assumptions and conventions
mentioned above the following relation can be
written:

P((R« Di[tDIFs)=P(Ry|F3)P(D«[t]IFs Ry) 1)
P(R«|F;) — Conditional probability specifying the
severity of initial disturbances by using a vector of
random parameters whose value R, falls into a
particular region of a corresponding hyperspace.
This term identifies the vague damaging potential
of this fraction of the likely accidents, which for a
unit time emerge just at the zone X of the facility J.
The values of the random parameters identify that
“holes” in a barrier inducing particular fractions of
accidents;

P(D«[t]IF5, Ryx) — Probability specifying those
abnormal events that, after arising from the zone
X with the potential identified by the values of Ry
and D,[0], progress later on in such a way that can
overcome defense barriers. This means that for
this fraction of possible accidents as the R, so the
D,[0] are known to the accuracy of a small region
within their high dimensional spaces.

In fact, the final consequences are those
indicating how severe an accident scenario is.
However, while an abnormal situation progresses
from a stage to a stage its magnitude can be

“measured” by using some ‘“intermediate”
indicators. For instance, using the release rate of
a hazardous substance as an indicator we can
find those potential disturbances, which can
develop further on into major accidents. Indicators
of every stage take values depending on what has
happened in previous stages in the propagation of
accidents. The time variation of the indicators,
suggesting that major accidents are possible,
depends strongly on the D,Jt]. On the other hand
for similar scenarios the deterministic variables
never accept the same values D,[t] at the time t.
The initial values D,[0] of deterministic factors
change from a scenario to a scenario since the
value of every random parameter is predictable
only to the accuracy of a certain range. In case
the sets of values R, and D,[0] plus those
deterministic laws of nature that govern the
evolution of the dominant accidental phenomena
are exactly known, predictions are obtainable in
terms of single values. However, it is impossible in
the real word because of the uncertainties which
both the parameters and the models introduce.
Quantifying the indicators the analyst should
consider that random factors are inherently vague
and also he is unable to identify exactly the real
initial values of all deterministic variables. Since
mathematical expressions for deterministic laws of
nature more or less adequately approximate but
very rarely entirely reproduce the real progress of
phenomena of interest they also contribute to the
uncertainty. Being unable to assess with zero
error how the indicators vary in space and the
time the best we can do is to address the
uncertainty which dominant factors introduce in
the analysis.

The formal mathematical relations discussed so
far suggest that the uncertainty about the
indicators, for arising of high risky abnormal
situations, can be addressed varying suitably in
their hyperspaces the factors, identifying the
potential of the zone X, to induce accidents. It is
assumed that the values R,, which the random
parameters takes at the time t=0, stay unchanged
while accidents progress. Also, that the initial
values, D,[0], of the deterministic variables can
depend on the R, but the reverse is not true. The
approach here presented supposes that the real
world accidental scenarios are expressible
sufficiently well by the following logical order:

R, Dy (0) [Dy(®)=f(Ry, Dx(0)] [My(t)=F(Dx(t))]
the symbol f(-) shows a function of a number of
arguments;

the symbol 'M,(t) points out the value taken by the
vector of the indicators, given the initial values of

Proceedings of the 2™ International Scientific Conference 109
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece



the random and deterministic factors are restricted
within small regions of their hyperspaces. Altering
the values of both type of parameters into all sub-
regions they can fall into the components of the
matrix My(t)  [*My(t), 2My(t), ... , ™*My(t)], where
Imax iS @ big number, are calculated.

In order to address the vague potential of the
abnormal events, occurring from the zone X of the
J, the first step is to quantify the joint probability
distribution — P,(Ry, Ry, ..., Ry|F)), forn =1, 2,

., N, of those N random parameters having
dominant contribution. The hyperspace, in which
these parameters vary, is an ordered N-tuple
Cartesian product. An appropriate inferential
model is needed to identify this joint probability
distribution. Then the likely initial values, D,[0],
which the deterministic parameters take into their
hyperspace, should be identified. Once the
hyperspaces of the both types of parameters are
divided on a reasonable number of sub-regions
the components of the matrix My[t], are
assessable by using appropriate expressions for
the laws of nature. Finally, the fraction of the
abnormal events, arising with big potential, can be
assessed as the ratio of the number of those
values 'Mx(t), which fall outside the safety region
into the indicators hyperspace, to the all number
of trials lyay.

There is no more discussion on the generic
features of the methodology in this work. Also
none of the issues related with the model
uncertainty are commented on due to the lack of
space. Some specific methods that the approach
uses are considered in the next section.

3. Case study

The case specific discussion on the approach

A vertical cylindrical storage tank filled with a
liquid flammable fuel is analyzed to identify the
land areas around the tank from which huge fires
and explosions can occur. Although the tank is no
part of an installation processing hazardous
substances it is surrounded by other vessels.
Thus, at the site in which the tank of study is
situated the domino effect is highly possible.

The wall of the vessel is the single barrier
separating the fuel form the environment.
Therefore, any time when the wall has lost its
integrity release scenarios occur and liquid fuel
and its vapors will be emitted around the tank. The
mass flow rate of fuel through the tank’s wall is
used as an indicator showing that the wall failures
can grow further into huge fires or explosions. The
magnitude of velocity through the ruptured place

and the cross-section of this hole uniquely
determine the mass of fuel released for any given
period. The direction of velocity from the hole is
also important parameter since contents of both
the vulnerable items and the ignition sources in
the vicinity of the tank can vary largely from one to
another target area. It is well know that the
meteorological conditions and local topology
dominantly determine how the fuel will disperse
first in the air and then on the land but this stage
of accidents progression is outside the scope of
this work.

The restricted analysis, here presented, aims to
identify the most severe release scenarios. The
fuel mass that has left the tank for a certain period
[0, t1] is an indicator for those wall’s failures, which
later on can turn in fires or explosions. The
indicator MJt;] is quantified by the following
relations:

t1
M[t,] "M[tldt; M[t]

0

lultl | [tA, (2)

where,

[u[t] | - the magnitude of the velocity through the
hole at the time t - [m/s];

[t] — the density of the Iiguid fuel leaving the hole
at the time point t — [kg/m~];

A, — [mz] the cross-section of the wall's rupture,
specified by a circular hole with the same face.

For this study, R, identifies the location on the wall
surface in which the tank fails and R, is the
diameter of a circular hole with cross-section of
An. One of the approach’s tasks is to specify the
joint distribution of these two random variables.

Let us suppose that the tank of study is put on the
Earth surface and there is no thermal isolation
over its metal wall. The tank height is 3 [m] and its
diameter is 1 [m]. Neither chemical reactions nor
other sources generate or sink heat into the tank
but heat fluxes from the outside make the
pressure, the temperature and the fuel properties
to fluctuate. The tank has no connection with other
vessels or pumps also the fuel inside is under
stable static pressure and its temperature is
almost the same as the ambient one. Thus, when
a rupture arises the static pressure is the force
pushing the liquid fuel outside the tank. Later on
due to the loss of fuel the pressure and the
density of fuel inside the tank decrease and the
mass flow rate through the hole reduces
continuously in the time. (The pressure inside
cannot change suddenly due to other vessels or
active components like pumps and valves). After
the tank fails the pressure and the density inside

110 Proceedings of the 2™ International Scientific Conference
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece



will change very slowly as only small holes are
assumed possible to occur unexpectedly. When
the failure of the tank’s wall induces a too mild
transient the Bernoulli equation is a suffieciently
correct deterministinc law for prediciting the quasi-
static change in the pressure of fuel inside. Due to
the assumpions listed above, for a short time step
the average velocity over the hole’s cross-section
Un[t] is assessed as:

up[t] = (htle)™; 3
where,
g — acceleration of gravity [m/s”];

h[t] — the distance between the free fuel surface in
the tank and the center of hole at the time t [m].

Identifying the ranges in the hyperspaces of
parameters

To estimate uniquely the fuel mass flow rate
through the hole at any given time t; we need the
initial values of two deterministic parameters - the
temperature behind the hole T,0] and the
distance h[0]. The initial temperature in the whole
tank can be supposed almost the same and equal
to T4[O] but its exact value is uncertain because
the varying ambient conditions influence on the
state of the fuel inside. For this study we assume
that T,[0] varies in the range [5° 45°] degrees
Celsius. Due to the uncertainty about exact value
of Ty[0] it falls into a larger range than the range in
which the T[t] varies during the progress of
release scenarios. Thus, for the period t t; Ty[t] is
considered a constant equal to T,[0]. The h[0] is a
function of the random parameter R;, which is
discussed later on, as 0<h(0)<3.

The following sequential steps are applicable in
the inner cycle of the iteration scheme, given the
random factors [“R;, 'R,| are identified to the
accuracy of a small region within their space:

1 The values °uy(t)=f(h[t.1]), [t-1]= (Paltia], To[O]),
ph[ti]=p0+gbh[ti_l] [ti], for po the atmospheric
pressure, and  °M[t]=unft] [t(t-t.)A,  are
assessed at each time step i first ;

2 After correctin% the fuel mass in the tank by the
lost mass of °M[t] the new value of °h[t] is
estimated. Then “uy[t], [t], Tat] and °M[t] are
calculated. The time step is reduced if the
difference between bM[ti] and °M[t] is too large.
When the error of lost mass at current time step is
acceptable then M[t]= °“M[t] and the calculation
process goes on;

3 Since the conjugate space of the deterministic
variables for the case study is two dimensional the
indicator should be predicted by combining their

initial values at least in four couples. The biggest
among the calculated values is used as
conservative estimate for the fuel mass lost
through a particular area over the wall surface.
The maximal value of the indicator can be
obtained as:

"Mt]=max( *M[t], ““M[t], “"M[t],, ““M[t])

The meaning of the above listed symbols is as
follows:

T,0 [T 'T'Lh©) [Mh, "h'] "R, ['RS, "R} :
¥R, isradiusvectorof aspacesurface

#d,dM f(JTd, th’ KRl’ LRz); #d,UM f(JTd, Nhu’ KR]_: LRz);
#u’dM f(JTu’ th’ KRI’ LRz); #UUM f(JTu’ Nhu’ KRl’ LRz)

The range of the initial temperature of fuel in the
tank can be divided on two sub-ranges [50, 250)
and [250, 450]. The sub-ranges of the initial

distance h[0] depend on the sub-regions on which
the random parameter R; is divided on.

The outer cycle of the iteration scheme includes
sequential visiting of all sub-regions on which the
entire region of random parameters’ space is
separated for the case of study.

1 The parameter R; should identify so small areas
on the entire surface of the tank’s wall within
which the minimal and the maximal value of the
indicator differ not too much. For the case of study
a cylindrical coordinate system is suitable to
define the radius vector of any part of the wall
surface in which the rupture can arise. Also, the
point at which the tank axis crosses the land
surface is a good origin of this coordinate system.
In order to identify, the radius vector accepting the
set of values "R, that correspond to the area “A,,
of the wall surface, two parameter are used -
height Y and azimuth, the angle

Y (03);'Y (0,0.6];2Y (0.61.31°%Y (1.32.1];%Y (2.13)
[0°,360];1 [0°,60°];2 [60°,1200];° [120°,18C0]
4 [180°,240°]; ° [240°,300°]; ¢ [30C7,360°]

By using the listed notations it is easy to find that

the couple 3'5R1 |3Y,5 | corresponds to that part
of the wall surface for which the Y and the falls

into the ranges (1.3, 2.1] and [2400, 3000],
respectively.

2. The other random parameter R,, the diameter
of the hole, is needed to specify uniquely the
cross-section of the crack location as A, = R, . A

suitable inferential model is required to quantify
the distribution of this random variable.
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Because of the above listed, for the case of
interest the outer cycle of the iteration scheme
consists of visiting of 4X6 sub-regions within the
conjugate space of the random parameters. For
each one of those 24 regions the initial values of
deterministic parameters are altered at least 4
times and by means of the deterministic laws the
values of the indicator should be found and
ranked. The maximal among the indicator values,
obtained in the inter cycle of the iteration scheme,
is the conservative assessment of the potential of
each one of the so specified 24 parts of the wall
surface to generate release scenarios. The mass
of fuel left the tank for the time t; shows how likely
is given release scenarios to progress later on into
huge fires and explosions. The discussion so far
focuses on identifying significance of release
scenarios in terms of deterministic arguments. In
the author’s opinion the more important question
is what is the fraction of release scenarios that for
the period t; can push out of the tank a fuel mass
bigger than given threshold value?

Quantifying the probabilities of the major release
scenarios

As it was discussed in section 2 the approach
here presented estimates the chance that the
possible failures of the tank of study can grow to
major releases of hazardous substances. The
approach introduces the conditional probabilities
P(DJ[t]|F;, Ry) and P(R4|F;). The term P(D,[t]|F;,
R,) identifies how probably is after the rupture has
occurred the deterministic variables to fall initially
into a certain region of their hyper-space and then
they to change in a particular way, given the
random parameters are restricted within a small
region of their hyperspace.

For the tank of investigation we should assess
probability of the following complex events:

Elsuka WTIOL [5° 25N $ (0] @43DN[Y. 1. 'R,]
Eoaprar A TH0] 25 A5DS(hO] (43I[Y. 1. 'R,

Ev i A Tal0] [5° 25 1)$(*h[0] QO ([*Y, 1. "R,
Es i A°TH0] [25 AB))S(*h[O] QOIII (I*Y. 1."R,]
for K, fixed in 1to 6, L fixed in 1or 2

We can define the following probabilities:

P(lTh[O]) 0.5; P(zTh[O]) 0.5

In the case of study the other term that the
methodology introduces P(R4|F;) should specify
the rupture location with respect to the defensive
barrier — the tank’s wall for this study.

To addresses the uncertainty about random
parameters their joint probability distribution is
specified. Supposing that the parameters R; and
R, are independent the following is true:

PRSR,) PRIPR) PR) P( "R, PR) P(R&"R,)

The symbol 'R, indicates that value of the hole
diameter at which the cumulative distribution is

equal to some value c; or P(0<R, le):cl. The
symbol URZ shows the 97.5% quintile of this
distribution or P(R,<R, 'R,)=0.975-C,.

Having no reliable observations about those areas
on the tank surface within which the wall’s integrity
is more often lost the assumption that rupture is

equally likely in each one of the specified 24 parts
of the wall surface is reasonable one or:

P(R,) ... PRy PC°R,) ... P&R,) 0.04167

In order to find the values 'R, and °R, the
distribution about the hole’s diameter should be
identified first. When there is not enough specific
data, as usually the situation is, the Bayesian
statistic can help. It is capable to combine suitably
generic information with the limited data coming
from identical units.

Identifying the distribution about the hole’s
diameter

There in no discussion here on the Bayesian
concept on probability since many excellent works
as [9] etc. are dedicated on it. A parametric
Bayesian model is used to specify how the entity
R, is distributed. The aim of the inferential model
is to obtain the posterior density function about the
rupture diameter relating it with both its prior
distribution and the likelihood function about the
available observations.

(10) *((I;D) (()’ where)

(10) (Od 4

p(o|¢) *(¢ |0)-likelihoodfunctionabout thevidenced
((), (( |O) -prior and postrior density functions
) normalizing constant

(e [Og, O] — a set of more or less relevant
observations about the entity R,;

The set of observations includes generic data, Og,
and more relevant data about ruptures of identical
tanks - O,. The source of generic information for
the study is the (HSE, 2000). The appendix
includes the generic data used. Due to the lack of
reliable data for the size of cracks on identical
tanks the set O, [2, 5, 10] in [mm] is applied in
order to show how the inferential model works.
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The Bayesian theorem is use two times. On the
first stage the evidence Og is used to obtain the
generic posterior distribution. On the second stage
the generic posterior distribution is updated by
means of the set O, coming from identical units.
Hierarchical Bayesian models are applied on
every one of these stages. A huge number of
references are dedicated as on the theoretical
aspects of Bayesian models with hierarchical
structure, like (Robert, 2004), (Browne&Draper,
2000), (Gelman&Pardoe, 2006) and many others,
so to the application of such inferential models, for
example (Esner et al., 2004), (Argirov, 2006) etc.,
so none of these issues are here discussed.

The multilevel model used has the following
structure:

~gamma(,, ,); where ,, , areconstants
~uniform( ,, ,); where ,, ,areconstants
) (.)
*(( 10, )~Normal(, |0, );forL G,lI (5)

The constants 4, ,, 1, 2 are chosen in such a
manner that the distributed parameters , to
identify our prior believe for the variability of the
hole diameter. Then, under assumption that the
likelihood functions for all separate observations
belong to the normal family, the parameters
are updated by using first the evidence Og and
then the O,. Although, certainly better hierarchical
model than the presented one can be specified it
demonstrates a reasonable way for addressing
the uncertainty about the entity R..

The computer code WinBUGS (Spiegelhalter et
al., 2003), (Woodward, 2005) is used to solve this
multilevel inferential model. The generic prior, the
generic posterior and the tank specific posterior
density functions are presented on figures 1, 2
and 3 respectively. Some characteristics of these
distributions are listed in table 1. Table 1 shows
that as far as the evidence O is relevant to our
case we can be 97.5% sure that the hole’s
diameter is smaller than 14.5 mm.

Therefore, we can specify that
P(0<R, 8.44)=0.75, P(8.44<R, 14.5)=0.225 and
P(R»>14.5)=0.025.
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Figure 1: Generic prior distribution.
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Figure 3: Specific posterior distribution.

Table 1: Distributions about the diameter of the hole.

Distribution about the | 2.5 50% | 75% | 97.5
hole diameter in [mm] | % %
Generic prior | 1.29 | 27.4 | 46.6 | 104.3
(hole.prior)

Specific prior | 0.95 | 19.8 | 33.2 | 63.2
(hole.pos.O)

Specific posterior | 0.66 | 6.04 | 8.44 | 14.5
(hole.pos.01)

Quantitative  characteristics of the release
scenarios

For the tank of study it is easy to figure out that
the bigger accidental release rates are associated
with a sub-area of its wall that is closest to the
earth surface. These parts of the wall surface are
analyzed by the following events:

Eirpka WT0] [5°25])$(*h[0] (43D (Y. 1, 'R,)
Esunra %°To[0] [25° A5°])$(*h[0] (243D1([?Y. 1, "R,))
for K, fixed in 1to 6, L fixed in 1or 2
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About all of these events, or when the parameter
h[0] varies into the range [2.4073, 2.9927] in [m],
the velocity through the hole u,[0] falls in the rage
[4.86, 5.42] in [m/s].

The events Ejipko1 and Ezapko represent the
holes for which the P(0<R,<8.44)=0.75 as their
maximal value of A, is 2.24x10™ [m?. For the
events Ej 11 k22 and E; 11 k2,2 Whose value of A, is
in the range [2.24x10'4, 6.61x10'4] the following is
true P(8.44<R,<14.5)=0.225.

Let assume that the tank contains flammable
methanol whose density at pressure of 1.3 [bar]
and the boundary temperatures are [50]:805.1
[kg/s], [25°]=786.4 [kg/s] and [45°]=767.4 [kg/s],
respectively. Having in mind all listed figures we
can conclude that the maximal mass flow rate
from the tank at the t=0 is 2.88 [kg/s]. Thus, for the
case study the following is true:

PEwtErad) PC Eian) R Ergugg) 0.056
F>(K'2G 1E1,1[1,Kzl,z) P(5 +T,[0])+ 250)p(j K2R )P(8.44+R, +14.5)
P(K': Eraaz) PES +Th[0])+45°)ch K2R )P(8.44 R, +14.5)
P(T,[0]) + 25°) P(25+ T,[0]) + 45°) 0,5;
P(': M¢R,) 0.25; P(844 +R, +145) 0.225

Thus, a fraction of 5.63% of all scenarios,
emerging from the tank, is associated with an
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is presented. This methodology allows the fraction
of those scenarios which can affect badly certain
target land areas, situated in particular directions
from a hazardous unit, to be identified. The part of
the approach presented in this work is applicable
to search for those regions over a defensive
barrier, separating hazardous substances from the
surrounding, within which risk significant release
scenarios can emerge. The information, that even
the first stage of the approach here presented
finds, can help in ranking of dangerous zones in
the surroundings of a hazardous unit by using
quantitative criteria. By predicting conservatively
the most likely amounts of dangerous substance
entering the spatial zones around the failed unit
the uncertainty about the magnitude of accidents
and their consequences for the human beings and
the environment can be reduced.

Argirov, J., 1999, “Estimating the Frequency of Fire Scenario by Means of Improved Apportionment of the
Frequency of Fires Associated with Engulfed Ignition Sources”. PSA99 (International Topical Meeting on
Probabilistic Safety Assessment, vol. Il, held in Washington, DC, USA

Argirov, J., 2006, “Assessing the uncertainty rage about the time to occurrence of a key event based on
observations” Proceedings of the 8™ International Conference on Probabilistic Safety Assessment and
Management, held in New Orleans, USA

Bier, V., Yi, W., 1995, “The Performance of precursor-based estimators for rare events frequency”.
Reliability Engineering and Safety Systems, v.50 p 241-251

Browne, W., Draper, D., 2000, “Implementation and performance issues in the Bayesian and likelihood
fitting of multilevel models”. Computational Statistics v.15 p 391-420

Esner, J., Jagger, T., 2004, A Hierarchical Bayesian Approach to Seasonal Hurricane Modelling”. Journal
of Climate, v.17 p 2813-2827

Gelman, A., Pardoe. |, 2006, “Bayesian Measures of Explained Variance and Pooling in Multilevel
(Hierarchical) Models”. Technometrics, 2006, v.48 No. 2 p 241-251

IAEA, 2006, “Environmental Consequences of the Chernobyl Accident and their Remediation: Twenty
Years of Experience”. Report of the Chernobyl Forum Expert Group “Environment”

HSE, 2000, "Offshore technology report OTO 1999-079, Offshore Hydrocarbon Releases”

HSE, 2004, “A critical review of post Piper-Alpha developments in explosion science for the Offshore
Industry”. prepared by Firebrand International Ltd.

114 Proceedings of the 2" International Scientific Conference
on “Energy and Climate Change”, 8-9 October 2009 , Athens, Greece



Hawksley, J., 1999, “Developing a Major Accident prevention policy”. Journal of Hazardous Materials,

v.65 p 109-121

Kirchsteiger, C., 1999, “Trends in accidents, disasters and risk sources in Europe”. Journal of Loss
Prevention in the Process Industries v.12 p 7-17

Khan, F., Abbasi, S., 1997, “Accident Hazard Index”. Process Safety and Environmental Protection. v.75 p

217-224

Mitchison, N., Papadakis G., 1999, “Safety management system under Seveso Il: Implementation and
assessment”. J. of Loss Prevention in the Process Industries, v.12, p 43-51

Robert, C., 2004, “The Bayesian Choice, From Decision-Theoretic Foundations to Computational
Implementation”. Second ed. Springler

Spiegelhalter, D., et al. 2003, “WinBUGS Version 1.4 Users Manual’. MRC Biostatistics Unit, Cambridge

Woodward, P., 2005, “Bugs: Bayes for the Common Man”. J. of Statistical Software, v.14, N.5, p 1-15

Appendix

Generic evidence, Og based on HSE, 2000, for failures of units with liquids

No (year) System Equivalent hole [mm]
1 (92-93) Utilities Oil; Heat transfer Qil 3
2 (93-94) Gas Compressor lubricating Oil 25
3 (93-94) Gas Compressor lubricating Oil 1
4 (92-94) Gas Compressor lubricating Oil 1
5 (93-94) Condensate methanol 50.8
6 (93-94) Processing Methanol 20.4
7 (93-94) Dehydration of Glycol 10
8 (93-94) Dehydration of Glycol 12.7
9 (93-94) Power gen. turbine, Diesel released 6.7
10 (93-94) Utilities, Oil, diesel 25.4
11 (93-94) Utilities, Heat transfer oil 9.53
12 (93-94) Power gen. turbine, Oil released 1.0
13 (93-94) Separation, Qil test 12.7
14 (93-94) Flare, Condensate released 76.2
15 (93-94) Processing, LPG released 12.7
16 (94-95) Export, Qil released 1.0
17 (94-95) Gas Compression, Lub. Oil released 12.7
18 (94-95) Gas Compression, Lub. Oil released 1.0
19 (94-95) Gas Compression, Lub. Oil released 1.0
20 (94-95) Gas Compression, Lub. Oil released 1.0
21 (94-95) Processing, Glycol released 2.0
22 (94-95) Dehydration of Glycol 1.0
23 (94-95) Dehydration of Glycol 1.0
24 (94-95) Dehydration of Glycol 1.0
25 (94-95) Power Gen. turbine, Diesel released 5.0
26 (94-95) Utilities Oil, Heat transfer Qil 1.0
27 (94-95) Utilities Oil, Heat transfer Qil 1.8
28 (94-95) Utilities Oil, jet fuel 1.0
29 (94-95) Power Gen. turbine, Diesel released 11.8
30 (94-95) Power Gen. turbine, Diesel released 11.8
31 (94-95) Power Gen. turbine, Qil released 25.4
32 (94-95) Treatment of (H,S/CO,), Condensate 25.4
33 (95-96) Gas Compression, Lub. Oil released 1.0
34 (95-96) Gas Compression, Lub. Qil released 2.7
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No (year) System Equivalent hole [mm]
35 (95-96) Dehydration of Glycol 1.0
36 (95-96) Power Gen. turbine, Diesel released 1.0
37 (95-96) Utilities, Diesel released 2.3
38 (95-96) Heat transfer Lub. Oil released 1.0
39 (95-96) Heat transfer Lub. Oil released 38.1
40 (96-97) Export Lubrication Qil 1.0
41 (96-97) Power Gen. turbine Lub. Qil released 5.4
42 (96-97) Power Gen. turbine, Diesel released 1.0
43 (96-97) Utilities, Diesel released 1.0
44 (96-97) Utilities, Diesel released 1.0
45 (96-97) Utilities, Diesel released 12.7
46 (96-97) Utilities, Diesel released 12.7
47 (96-97) Utilities, Diesel released 12.7
48 (96-97) Utilities, Diesel released 1.0
49 (96-97) Utilities, Diesel released 1.0
50 (96-97) Utilities, Diesel released 1.0
51 (96-97) Import, Condensate released 1.0
52 (97-98) Utilities, Diesel released 1.0
53 (97-98) Utilities, Diesel released 3.0
54 (97-98) Utilities, Diesel released 1.0
55 (98-99) Gas Compression, Lub. Oil released 5.0
56 (98-99) Dehydration of Glycol 1.0
57 (98-99) Power Gen. turbine, Lub QOil released 1.0
58 (98-99) Power Gen. turbine, Lub QOil released 1.0
59 (98-99) Power Gen. turbine, Lub QOil released 5.0
60 (98-99) Power Gen. turbine, Qil released 3.2
61 (98-99) Power Gen. turbine, Lub QOil released 1.0
62 (98-99) Utilities, Diesel released 1.0
63 (98-99) Utilities, Diesel released 1.0
64 (98-99) Utilities, Diesel released 1.0
65 (99-00) Utilities, Diesel released 1.4
66 (99-00) Utilities, Diesel released 1.0
67 (99-00) Utilities, Diesel released 1.4
68 (99-00) Power Gen. turbine, Lub QOil released 1.9
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Abstract

A new design of controller for asynchronous motor drive systems has been proposed and from the very
early tests it was evident that the controller had a great prospect for wide use applications in industry,
where reducing electricity consumption is important. A selection of industrial results obtained from tests
(over a period of five years) on the new controllers in various motor-drive systems in Uzbek industry is
presented, analyzed and discussed. Taking into account the above mentioned industrial results, a
scenario based approach is used to allow evaluation of energy savings potential in Uzbekistan from the
use of controllers in industry. The results of this study could help to better understand the costs and
benefits of various policies and to accelerate energy efficient technologies in Uzbekistan.

Key words — Controller, asynchronous motor, energy policies, energy savings, CO, emissions.

1. Introduction

A new design of controller for asynchronous motor
drive systems (VSD) has been proposed. This
controller constantly adjusts the voltage to the
motor terminals in such a way as to provide just
sufficient magnetizing forces to meet the driven
load demand. Thus a corresponding reduction in
the iron losses is obtained and the efficiency and
power factor of the motor are improved
(Khashimov, 1995; Khashimov, 1996). Initially,
this controller was used for the training and
research needs of the students at Tashkent State
Technical University (TSTU) and the research
work was conducted at the laboratories of the
Chair of the Energy Faculty of TSTU. From the
very early tests it was evident that the controller
had a great prospect for wide use applications in
industry, agriculture and other sectors where
reducing energy consumption costs of electric
motor driven systems is important (Khashimov,
1999). In order to investigate the behaviour and
the potential for electricity savings of a motor with
and without the new controller several tests for
more than five years were performed on various
sizes of induction motors in different applications
in industry in Uzbekistan. A selection of industrial
results obtained from tests on the controllers in

various motor-drive systems is
analyzed and discussed.

Taking into account the above mentioned
industrial results, a scenario based approach is
used to allow evaluation of electricity savings
potential in Uzbekistan from the use of controllers
in industrial application. The results of this study
could help to better understand the costs and
benefits of various policies to accelerate energy
efficient technologies.

The analysis focuses on two scenarios:
Business-As-Usual (BAU)
Moderate

The BAU forecast describes a future in which
policies and the use of controllers are not greatly
different from today. In contrast, the Moderate
Scenario is defined by policies that are consistent
with an increasing level of public commitment and
political resolve to solving the nation's energy and
related environmental challenges. The Moderate
Scenario requires larger expenditures on public
and private R&D, incentives in industry, and
government investment in programmes that
promote the energy efficient technologies and
environmental protection schemes. It must be
emphasized that none of the two scenarios is a
prediction of the future, and they only attempt to

presented,
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characterise the results of different assumptions
about the future on the energy system and the
economy in Uzbekistan.

In Table 1.1 there is a list which simply illustrates
and summarises the policies and programmes
that define the Moderate Scenario for the
introduction of energy saving controllers in motor
drive-systems in industry.

MODERATE SCENARIO

,  Expand the efficiency standards and
implement new efficiency standards for
industrial equipment, beyond those already
planed.

. Increase enforcement and adoption of
energy saving and environmental protection
schemes in industry.

,  Expand cost shared government R&D
expenditures on energy saving new
technologies to increase the penetration of

energy efficient equipment in industry.

Table 1.1. lllustrative Polices for the penetration of
energy efficient technologies in industry.

2. Energy Savings Potential in Metallurgical
Sector in Uzbekistan

The scenarios address and assess the impact of
controllers for asynchronous motor (VSDs) on
electricity savings in the Metallurgical Sector in
Uzbekistan up to the year 2018. Both scenarios
are based on measurements over a period of five
years on selected electric motor-drive systems in
the industrial site of the “Uzbek Metallurgical
Plant” in Tashkent Province. The selected electric
motor-drive systems are the following:

a 75 kW compressor unit,
a 7.5 kW pump unit, and
an 11 kW ventilation unit.

Extensive measurement programmes on the
above selected electric motor-drive systems have
shown annual electricity savings of 19%, 23.5%
and 20.5% respectively through the use of
controllers. Additionally, the results of industrial
tests upon the above mentioned selected
equipment have clearly shown a reduction in the
starting currents of the motors by 1.8 to 4.0 times
and a considerable reduction in the operating
temperatures of the motors through the use of
controllers. Both these results improve the lifetime
and the reliability of the motors, but this will be

analyzed and presented in another article which is
under preparation.

In the Metallurgical Sector there are 520
compressor, 2599 pump and 1561 ventilation
units with installed capacities 290811 kW, 227400
kW and 52110 kW respectively. Their annual
electricity consumption in the year 2008 was
estimated to be 25.13x10° kWh, 19.65x10° kWh
and 19.65x10° kWh respectively. In order to
project energy consumption and thus to evaluate
potential energy savings from the use of VSDs
over time, it was necessary to combine the
present annual electricity consumption figures
(with and without the use of controllers) on the
selected systems and the statistical data of the
2008 of the Metallurgical Sector in Uzbekistan
with projections of future consumption taking into
account the deterioration of the existing systems
due to aging.

Figure 2.1 displays the annual electricity
consumption projections from the total number of
the selected electric motor-drive systems in the
Metallurgical Sector in Uzbekistan produced by
the BAU and Moderate Scenarios. The
assessment of scenarios was restricted up to the
year 2018 due to the large number of motor-drive

systems and the associated additional
uncertainties.
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Figure 2.1. Total annual electricity consumption by
compressors, pumps and ventilators in the Metallurgical
Sector in Uzbekistan.

In the BAU Scenario for the Metallurgical Sector,
annual electricity consumption from the total
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number of the selected electric motor-drive
systems grows at an annual rate of 1% between
the base year 2008 and 2013 and in the following
five years period the consumption grows at an
annual rate of 2% mainly due to the aging of the
systems. Electricity consumption in 2018 reaches
57.19x10°kWh, 16.05% higher than in 2008.

In the Moderate Scenario annual electricity
consumption from the total number of the selected
electric motors and drive systems grows at an
annual rate of 1% between the base year 2008
and 2013, reaching 51.79x10° kWh in 2013.
During the following five years the introduction of
energy efficiency policies and the accelerated
penetration of controllers in industry at an annual
rate 20% (five times the average growth of the
country) reverse the energy consumption growth
trend. Energy consumption in 2018 instead of
reaching 57.19x10° kWh decreases to 46.87x10°
kWh, 4.89% below the 49.28x10° kWh consumed
in the base year 2008.

Figure 2.2 summarises the overall -electricity
savings potential in the Metallurgical Sector in
Uzbekistan from the Moderate Scenario which
includes a portfolio of energy polices and
programmes for the introduction of controllers in
the particular asynchronous motor- drive systems.
The energy policy measures will result to
cumulative energy savings of the order of
30.96x10° kwh.

In 2002 fuel-energy sector enterprises in
Uzbekistan emitted about 452 thousands tones of
pollutants into the atmosphere amounting to 62%
of all industrial atmospheric pollution (UNDP,
Goskompriroda, 2004). Air water and soil pollution
caused by energy sector activities have in some
areas reached levels high enough to disturb the
ecological balance to the detriment of people’s
health and biodiversity (UNDP, 2007). Electricity
savings from the Moderate Scenario in the
Metallurgical Sector of the order of 30.96x10°
kWh within five years, will have an important
impact on the reduction of atmospheric pollution
caused by energy sector. Using the conversion
factor of 0.68 kg of carbon dioxide emissions per
kWh of electricity produced by power plants in
Uzbekistan (UNDP, 2007) the cumulative avoided
CO, emissions by the year 2018 will be 2.1 million
metric tons of CO,, as shown in Table 2.1.

Metallurgical Sector

Cumulative Electricity Cumulative Avoided

Savings CO, Emissions
by the year 2018 by the year 2018
3.1 billion kwh 2.1 million metric tons

of CO,

357

301

251

207

157

10]
s

Electricity Savings x168 Kwh

2013 2014 2015 2016 2017 2018

Year
E ANNUAL ELECTRICITY SAVINGS
Hl CUMULATIVE ENERGY SAVINGS

Figure 2.2. Annual and cumulative electricity savings
from the Moderate Scenario from all compressors,
pumps and ventilators in the Metallurgical Sector in

Table 2.1. Avoided CO; Emissions from the Moderate
Scenario for the Metallurgical Sector in Uzbekistan.

3. Conclusions

This approximate analysis documents the
important role that policies can play in stimulating
the development and market penetration of
modern controllers in Uzbek industry. These
energy efficient technologies, in turn, could help
Uzbekistan meet a wide array of challenges,
including reduction in air pollution and
improvement in economic competitiveness. Our
assessment suggests that the technology and
policy costs required to implement these
technologies and policies would be less than the
energy cost savings from the more efficient use of
electricity in the Metallurgical sector.

It is clear that a baseline build on current
approaches to energy policy in industry will result
in a considerable increase in electricity
consumption in the Metallurgical Sector and a
subsequent increase in emissions of carbon
dioxide and other pollutants in the period 2013-

Uzbekistan. 2018. The BAU case shows increase in energy
consumption of approximately 16.05% above

2008 levels in 2018.
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The Moderate Scenario demonstrates a range of
policies that are conceivable with a modest shift in
the present context. One view of the Moderate
Scenario, which shows a reduction in electricity
consumption in the sector of 18.11% from the
corresponding value of the BAU Scenario for the
year 2018, is that it is a modest effort to curb
demand growth.

The Moderate Scenario also shows that the effort
to expand the use of controllers in all motor-drive
systems in Metallurgical Sector could achieve a
substantial reduction of atmospheric pollution
caused by energy sector by the year 2018.

In this analysis two scenarios have been
developed. None of them is a prediction of the
future. They attempt to characterise the results of
different assumptions about the future on the
energy system and the economy. In the Moderate
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Abstract

Straits consist a key component of international maritime traffic while, the combination of limited capacity
and heavy traffic load poses a challenge for combining safe and efficient navigation. In the current article,
a general and fully parameterizable queueing model is proposed in order to evaluate the impact of
physical characteristics, queueing schemes, applied regulations and transit traffic attributes to the
efficiency of the straits system. Bosporus (Istanbul, Turkey) demonstrates a unique combination of, on
one hand, navigation difficulties and heavy traffic load and, on the other hand, comprehensive and
detailed regulations that govern its operations, thus, comprising a suitable testbench for the proposed
model. Variations of five applied regulations and traffic scheduling policies are modelled and their impact

on the average waiting time and the average queue length is assessed and discussed.

Keywords: Simulation; Queueing model; Traffic regulations; Maritime straits; Bosporus;

1. Introduction

Chokepoints are a common concept in transport
geography and they refer to locations that limit the
capacity of traffic and cannot be easily bypassed.
Considering the characteristics of maritime
transportation, chokepoints  (straits, canals,
channels, etc) are particularly prevalent. Many of
them are the result of the constraints of physical
geography while others, are artificial creations.
Three concepts define a chokepoint as a
resource:

Physical characteristics: A chokepoint is a
location forcing the convergence of traffic and
limiting its capacity through its physical
characteristics, whether by depth, width or
overall navigability.

Usage: The value of a chokepoint is
proportional to its usage level, with regard to
its physical limit of service, and the availability
of alternatives.

Access: A level of control must be established
to insure safe and efficient access to the
chokepoint. ~ This involves agreements

regulating its usage, tolls or other means of
compensation for the usage and the needed
access infrastructures [Rodrigue].

Although the physical characteristics of most
chokepoints are very stable, implying a fixed
capacity, their use and value is subject to
significant variations. With the growth of maritime
traffic and world trade, many have become
extremely valuable resources accounting for the
most important strategic locations in the world.
However, like all fixed supply resources, there is a
limit to which they can be used. The closer they
are to being “exhausted”, the more unstable their
usage is and the more efforts to be spend on
securing their access.

Regarding straits used for international navigation,
their special status was recognized, for the first
time in a codified international instrument, in the
Third United Nations Law of the Sea Convention
1982 (UNCLOS III). Part Il of the Convention sets
out the defining criteria, the right of transit
passage and the rights and obligations of users
and coastal states [UN].
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UNCLOS, COLREG (Collision Regulations) and
International Maritime Organization (IMO) traffic
separation schemes (TSS), in conjunction with
long-standing international agreements comprise
a set of regulations that apply in navigation
through most straits.

2. Objective of the article

Whether due to unilateral or multilateral
international agreements or due to UN and IMO
recommendations, applied regulations for
navigation in straits imply an effort to compromise
the rights and demands of the coastal states and
their economical, social and environmental
concerns, the clients of international maritime
trade and the shipping industry.

On initiating a set of regulations, practical rules
and scientific results are evaluated in order to
formulate a set that will allow for efficient and safe
navigation. In cases of highly utilized straits there
is a trade-off between safety and efficiency since
stricter safety rules result in an unavoidable
degradation of the straits throughput. However,
since safe navigation is a priority, rules and
measures that have been proved to be sufficient
when applied single, are assembled in a set of
entangled regulations, whose actual effect on the
throughput of maritime traffic cannot be assessed
beforehand.

For the same reason, altering or improvement, in
terms of efficiency, of the applied regulations, in
cases of time-evolving traffic patterns, special
traffic events or changes in the straits’ physical
characteristics, need a considerable amount of
historical traffic data and experimentation in order
to bring results.

The objective of this article is to propose a
universal simulation model for the vessels traffic in
maritime straits, in order to provide a practical
platform to evaluate transit traffic behaviour,
relying on the physical characteristics of the strait,
the applied set of measures and regulations and
the traffic statistics. The proposed approach can
offer valuable insight in determining how applied
measures and regulations interact with each other
in the definition and utilization of the straits’
throughput.

Following, a case study on the Bosporus will
exhibit the impact of a changeable regulations and
traffic environment to the Straits waiting queues.
An approach that has produced many interesting
results related to maritime traffic in the Bosporus
Straits and its consequences and can be used in
determining safety rules is the analytical solution
of a set of differential equations [K. Saritz et al,

1999, H. Ors et al, 2003, E. Otay et al, 2003, B.
Tan et al, 1999]. In [E. Kose et al, 2003], a
discrete-event model of the Straits has been
developed that relates the average waiting time in
the Straits entrances to the mean arrival rate of
vessels. Finally, in [Ozbas et al, 2007], a detailed
functional simulation model of the Bosporus has
been presented in which factors that affect
maritime traffic are being identified.

3. A universal model of maritime straits

A queueing model of maritime straits can help at
the assessment of the traffic bottlenecks that
develop due to random (e.g. weather conditions)
or systematic (e.g. applied regulations or traffic
patterns) components of the system.
Parameterized modeling of this system can serve
as a testbench for benchmarking different
regulation sets or varying traffic distributions that
can emerge in the future. The proposed
methodology focuses at the efficiency of the
system and its traffic flow variables, namely, the

v P o)t

0
T(n)
where T(n) the time required to observe n waiting
vessels in the system and Q(t) the number of
vessels in queue at time t, for 0 t T(n) and the
n
D.

I
average waiting time d(n) ~%—  where n
n

average queue length ¢(n)

transiting vessels wait for D, D,, ..., D, time until
they enter the straits. To this end, vessels are
considered as moving points, with no dimensions,
navigating without deviations in a predefined route
with constant speed. Moreover, the set of
maritime traffic regulations is considered as being
well-defined and applicable, with no exceptions
and invariably to all arriving and transiting vessels.

Since the model aims in studying traffic flow
characteristics, accidents can be represented as
time-delaying events that do not affect the quality
of service of the operating straits. Thus, the
probability of an accident for a transiting vessel is
considered to be zero and the historical average
accident delays are added in the average delays
due to maintenances or bad weather conditions.

A universal and fully parameterizable model of
maritime straits has been developed in ANSI C
[Law et al., 2000] and is presented in Figure 1
[Mavrakis et al., 2007]. The model consists of four
main components: the physical description of the
waterway, the waiting queues at its entrances, the
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applied transit regulations and the description of
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Figure 1: Parameterized straits model.

Physical description of the waterway includes the
definition of the traffic routes that it permits,
existence and description of any internal ports,
since they function as additional entrance or exit
traffic  points, definiton of any special
characteristics like water locks or narrowings that
affect navigation and the description and
quantitative evaluation of factors that limit the
waterway’s availability, partially or as a whole, e.g.
weather conditions, accident probability or
maintenance periods.

The queues’ component reflects the number and
type of queues used in each entrance of the
waterway, where first come - first serve as well as
sorted queues can be implemented.

Applied transit regulations include, apart from
rules regarding the conduct of transit (transit
speed and overtaking), the necessary conditions
to permit entrance to a vessel, transit rules that
ensure safe navigation and are dependent on the
same or different route traffic and description of
the transit services that can affect aspects of

transit maritime traffic like the provision of pilots
and availability of tugboats.

Finally, the model is parameterized with regard to
the transiting vessels attributes (namely, size, type
of vessel and whether it transits laden or in
ballast) as well as the time distribution of vessels
arrivals, in terms of their attributes and direction of
transit.

4. Typical model flow

A typical model configuration regards a waterway
with two opposite, identical routes. Arriving
vessels are placed in the respective waiting
queue, which is then sorted. In the first occasion,
the first vessel in the queue enters the straits and
the queue is refreshed. After a predefined amount
of time that is determined by its speed, the vessel
exits the straits and, thus, the simulation system
(Figure 2). A sequencer module determines,
whether a vessel in the waiting queue can enter in
the desired direction.
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Figure 2: Bosporus model.

Upon a vessel's arrival, the sequencer checks the
waterway conditions with regard to the traffic
regulations and if every constraint is met, the
vessel enters the waterway. Otherwise, vessel is
added to the waiting queue and the entrance is
postponed for a time instance that is calculated
with respect to the current conditions. Upon a
vessel's entrance, the sequencer variables are
updated and new potential entrance times for both
directions are calculated. A transit list that
maintains all currently transiting vessels is
updated. When a vessel exits the straits and the
simulation system, the transit list is updated. A
separate event for closing of the waterway due to
severe weather conditions is provided. This event
is also used to model delays due to accidents,
mechanical problems of the transiting vessels or
other occurrences (e.g. maintenance works). A
second separate event is provided to demark the
daytime and nighttime periods of every simulation
day based on a set of sunrise/sunset data.

5. Bosporus model

The Bosporus lies between the Black Sea to the
North, and the Sea of Marmara to the South. It is
approximately 31 km long (Figure 3), with an
average width of 1500 meters and only 700
metres at its narrowest point, has many sharp
turns, some of them more than 45 degrees and a
constant surface current directed from the Black
Sea to the Sea of Marmara and a deep water
counter current. Bosporus traverses through the
city of Istanbul, an urban area of over 12 million
people and an average of 50000 vessels transit it
annually, along with hundreds of passenger,
fishing, and leisure crafts, which daily cross it from
one side to the other [Republic of Turkey, TMFA
and TUMPA].

Figure 3: Bosporus straits geography.

Navigation in Bosporus is regulated by the 1936
Montreux Convention which is considered as the
most detailed international convention regulating
navigation in straits. According to it all merchant
vessels enjoy, in principle, complete freedom of
passage and navigation by day and night, without
being subject to any ‘formalities’ except for
sanitary controls and optional towage and pilotage
services [Jia, 1998, Plant , 1996, Plant, 2000,
Republic of Turkey, TMFA and WVTS].

Bosporus, apart from its importance for
international maritime trade, has faced a number
of changes in the recent years that underpin the
need for a modelling approach like the one
proposed in the current article; A set of maritime
regulations that were introduced in 1994 and
amended in 1998 and 2002 that transformed
traffic management in Bosporus; a novel Vessel
Traffic Service (VTS) system that is gradually
coming online and that will eventually offer new
capabilities; the increased crude oil production in
Russia and NIS countries as well as the economic
development of Black Sea littoral states that will
alter the traffic patterns; evolution of maritime
vessels safety and navigation procedures and
subsystems;

6. Constraints and input data description

Following the proposed parameterization, the
simulation model is configured according to the
actual physical characteristics of the Bosporus,
the transit rules, regulations and policies, as
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applied by the Turkish maritime authorities and
the historical traffic data [Brito, 2000, GMCSSA,
2003, Kose et al., 2003, Nitzov, 1998, Ors et al.,

A

End
simulation

2003, Otay et al., 2003, Tan et al. 1999, TUMPA
and TSA]. An event graph for this model is shown

in Figure 4

=
N
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[Law et al.,

/™

=
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Figure 4: Event graph for the Bosporus model.

1. Waterway

a.

Traffic routes. Two directions of traffic,
northbound (Marmara Sea to Black Sea)
and southbound (Black Sea to Marmara
Sea), each 31 km long.

Internal ports. In this paper, internal ports
of Bosporus are not modeled.

Weather conditions. An independent
event for weather conditions is triggered
every 4 hours of simulation time. Using a
Poisson distribution, a decision is made of
whether the Straits are suitable for
navigation due to severe weather or not
for the next 4 hours. The model is
adjusted so that the Straits are closed, on
average, for 480 hours every year.
Shutdowns due to weather conditions
apply to the whole waterway.

Accident probability. On average, 30
hours every year are added to the severe
weather period to count in for the closing
of the Straits due to accidents or
mechanical problems of the transiting
vessels. Shutdowns due to accidents
apply to the whole waterway.

Special physical characteristics. A special
set of rules apply for the Straits narrowing
between Vanikoy and Kanlica. There are
no water locks or other physical obstacles
in Bosporus.

2. Queues

a.

Number of queues.
direction for all vessels.

Sorting scheme. According to the applied
regulations, passenger vessels are
scheduled to enter the Straits with top

One queue per
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priority over all other vessels. Dangerous
cargo vessels are scheduled to enter the
Straits with minimum priority over the
remaining types of cargo. A first-in-first-
serve scheme (FIFS) is implemented;
however, the whole queue is scanned in
order to find the first vessel that can
transit without violating any regulation.

3. Regulations. Detailed regulations, as applied
by the Turkish authorities, can be found in
[GMCSSA, 2003]. In brief:

a.

Entrance permit. Vessels longer than 200
m, carrying dangerous cargo can navigate
through the Straits only during daytime.
During severe weather conditions or
accident occurrences, no vessel can enter
the Straits. Once every day, during
daytime and for a predetermined period of
time, two-way traffic is suspended and a
batch of large or dangerous cargo vessels
is forwarded in one-way traffic mode.
Afterwards, traffic is inverted and a batch
of large or dangerous cargo vessels is
forwarded in the opposite direction.

Same route traffic. The minimum safety
distance between two consecutive
vessels that enter the Straits in the same
direction is defined to 8 cables (~1.5 km).
The safety distance is considerably longer
between two large dangerous cargo
vessels; nearly 29 km for northbound

vessels and 23 km for southbound
vessels.
Other routes traffic.  Virtually no

dangerous cargo vessels can enter on the
opposite direction of an already transiting
dangerous cargo vessel. Moreover, two-
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d. way traffic is suspended, when a large or
dangerous cargo vessel transits the
Straits. Special attention is paid to
schedule transits so as to avoid meetings
of almost all types of vessels between
Vanikoy and Kanlica.

e. Transit rules. A constant transit speed of

10 knots relative to land is used for all
vessels and overtaking is not allowed.
Overtaking is not allowed within
Bosporus. All vessels transit the whole
length of the Straits; a vessel does not
depart from or arrive in a port within
Bosporus.

LOA (m)
Type of cargo

50-100 100-150 150-200 200-250 250-300

Passenger Cargo 0.15
General Cargo 42.56
Dangerous Cargo 0.84

0.47 0.24 0.04 0.10
32.02 12.09 1.83 0.39
1.14 431 2.40 1.42

Table 1: Arriving vessels’ attributes distributions (%).

Passenger CargdGeneral Cargo Dangerous Cargo
Laden 100% 75% 90%
Southbound
In Ballast 0% 25% 10%
Laden 100% 75% 20%
Northbound
In Ballast 0% 25% 80%

Table 2: Vessels laden/in ballast (%).

4. Traffic. The simulation system uses as its
input historical data that have been processed
to match the conventions of the model. A
uniform distribution is used to generate all
possible events for the discrete-event model.
Interarrival time is defined to be the same at
both entrances (~21.45 minutes). According to
the data, arriving vessels can be represented
by a matrix consisted of all possible length
and cargo categories (Table 1). Since, for
safety reasons, the applied transit regulations
discriminate laden from in ballast vessels, a
distribution for the cargo state of arriving
vessels is needed (Table 2). Following a
series of interviews with maritime agents,
passenger vessels (passenger, RO-RO, etc)
are assumed to be always laden, while
general cargo vessels (bulk carriers, container
carriers, general cargo ships, etc) are
assumed to be 75% laden during transit for
both directions. On the other hand, dangerous
cargo vessels (which according to the IMO
and, subsequently, the Turkish authorities
include all oil tankers, chemical tankers,
LPG/LNG carriers, etc) are assumed to
heavily depend on the direction of transit: for
southbound transits 90% of the vessels are
considered laden a ratio that for northbound
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transits falls to only 20%. This bias can be
justified by the general pattern of the Black
Sea oil industry which mainly exports large
amounts of Caspian Sea and Russian oil
using the ports of Novorossiysk, Supsa and
Tuapse through the Straits and imports
smaller quantities of oil for refining in Bulgaria
and Romania as well as oil products.
Indicatively, for the period 1997-1998, the
quantity of oil and oil products that was
transited southbound through the Straits was
6-fold the quantity that was transited the
opposite way.

Vessels under 50 m are not included in the input
data since they transit the Straits essentially
unconditionally, while transits for vessels over 300
m are rare incidents. Also, use of tugboats,
pilotage services, maneuvering to and from the
actual designated waiting vessels areas and their
subsequent time losses are not modeled in this
article.

7. Assessing the impact of traffic regulations

Apart from the codified maritime regulations, there
are a number of implementation policies that the
Turkish maritime authorities exercise in order to
manipulate incoming traffic. In this paper, three
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maritime regulations and two implementation
policies have been selected to be studied:

Length of the Bosporus Straits waterway
that is regulated;

Minimum safety distance between two
consecutive transiting vessels;

Forwarding of the first vessel that can enter
the Straits without violating the regulations,
regardless of its position in the waiting
gueue.

Alternately suspension, during daytime, of
two-way traffic, and transit of a batch of
large or dangerous cargo vessels in each
one-way traffic period,;

Partial suspension of navigation through
the Straits during night time;

In all cases, the regulation or policy under
consideration is treated as a free variable and the
simulation results are compared against those of
the base scenario that consists of: i) The actual,
currently applied maritime regulations and
policies; ii) Vessels’ distribution with regard to their
length and cargo rates according to the data of
Table 1 and Table 2 and iii) A mean annual arrival
rate of 55000 vessels for both directions. Each
scenario is run for a simulation time of one year
and repeated three times.

7.1 Scenario 1

Definition of the total (regulated) length of
Bosporus as well as of the minimum safety
distance following a laden dangerous cargo vessel
is studied in this scenario. The boundaries are
defined by the line Turkeli light traffic control
station — Yam Burnu in the north and the Ahirkapi
traffic control station location in the south (a total
navigation length of approximately 31 km). After a
southbound dangerous cargo vessel passes the
Bosporus bridge (23.5 km distance from the
northern boundary) or a northbound dangerous
cargo vessel passes the Hamsi Burnu — Fil Burnu
line (29 km distance from the southern boundary),
another similar vessel may enter Bosporus on the
same direction.

Scenario 1 examines the possibility of reducing
the regulated length of the Straits or the minimum
safety distance between two consecutive
dangerous cargo vessels. For this purpose,
waypoints (Figure 5) are combined to generate 5
new combinations of distances (Table 3).
Combination #1 corresponds to the base scenario

(SB stands for southbound traffic and NB for
northbound traffic).

Figure 5: Bosporus Straits waypoints.

CF’ ation 1 2 3 4 5 6
Distance

Total "BOSpOIUS | 51 o 59 290 27.0 25.0 23.0
length

Northbound 200 290 27.0 27.0 250 23.0
safety distance

Southbound o35 215 235 215 195 195
safety distance

Table 3: Distances combinations.

Average waiting time and queue length (Figure 6
and Figure 7) for all vessels, and specifically for
dangerous cargo vessels, decrease as the total
length and minimum safety distance following
dangerous cargo vessels decrease. However,
simulation shows that reducing the regulated
length of the Straits or the minimum safety
distance between two consecutive dangerous
cargo vessels would not result in significant
benefits, while, in the meantime, substantially
increase the exposure of inhabited areas of
Bosporus near its entrances to unregulated traffic.

Results are slightly different for each direction of
travel (SB and NB) due to the different rules that
apply on laden or in ballast large and dangerous
cargo vessels. Specifically, southbound
dangerous cargo vessels are more often laden
(Table 2), thus, more strict regulations apply to
them and any following vessel [GMCSSA, 2003].

7.2 Scenario 2

The minimum safety distance between two
consecutive vessels transiting the Straits s
studied in this scenario which, according to the
applied maritime regulations, is defined to 8
cables (1482 m). Scenario 2 studies the span from
5to 11 cables
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Figure 9: Scenario 2 - Average queue length.

Passenger traffic, having top priority, is essentially
unaffected by the altering of the minimum safety
distance. As the latter moves from 5 to 11 cables,
general cargo and dangerous cargo vessels suffer
from a two-fold increase in their average waiting
time, which also affects the average waiting time
for all categories of vessels (Figure 8). Dangerous
cargo vessels contribute most in the increase of
the average queue length (Figure 9). In the area
of 8 cables, changes in average waiting time and
queue length can be considered as linearly
proportional to changes in the minimum safety
distance. Again, results are slightly different for
each direction of travel (SB and NB) due to the
different rules that apply on laden or in ballast
large and dangerous cargo vessels.

Simulation results for the first two scenarios show
that a tradeoff between safety distances and level
of navigation safety is anticipated, although, in the
presence of a modern VTS system like the one
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currently implemented, less strict regulation could
be studied.

7.3 Scenario 3

An implementation policy is studied in this
scenario, namely the forwarding of the first vessel
that can enter the Straits without violating the
regulations, regardless of its position in the waiting
queue. After taking into account that passenger
vessels are scheduled on top of the waiting
queue, and large or dangerous cargo vessels on
the bottom, applied regulations imply a FIFS
scheme for the scheduling of each cargo category
[GMCSSA, 2003]. This practice would downgrade
the service capacity of the Straits since, e.g. a 75-
meter tanker could wait for days behind a 200-
meter tanker that arrived earlier. To ease the
problem, we assume that every time a vessel can
enter Bosporus, the traffic supervisor scans the
whole waiting queue (passenger then general
cargo then dangerous cargo vessels in a FIFS
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fashion) to locate a vessel that can enter without
violating any regulation.

Scenario 3 studies the benefit of such a policy.
For this purpose, 3 variations have been created:
i) The FIFS 