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1.0 LIST OF TERMS AND ACRONYMS

AD Analytical Department of the Ministry of Energy

AF Plant seasonal availability factor

AYPEG Association of Young Professionals of Energy in Georgia

CBA Cost Benefit Analysis

CCGT Combined Cycle Generation Turbine

CNG Compressed Natural Gas

DCOP Deloitte Overseas Consulting Project

DWG Decision Ware Group

EC LEDS Enhancing Capacity for Low Emissions Development Strategy

EFF Efficiency

ESCO Energy System Commercial Operator

GEOSTAT National Statistics Office of Georgia

GDP Gross Domestic Product

GNERC Georgian National Energy Regulatory Commission

GIG Georgian Industrial Group

GOG Government of Georgia

GOGC Georgian Oil and Gas Corporation

GSE Georgian State Electrosystem

EE Energy Efficiency

HPEP Hydro Power and Energy Planning project

HPP Hydro Power Plant

LPG Liquid Petroleum Gas

MARKAL Market Allocation energy planning model

MoE Ministry of Energy

MoESD Ministry of Economy and Sustainable Development

o&M Operation and Maintenance costs

PMUM Turkish electricity trading spot market

PP Power Plants

PV Photovoltaic

RE Renewable Energy

RSDSOL Solar energy in Residential sector

Sht Share of technologies in MARKAL that mean the share of a certain

ech : . .

technology in a group of technologies fueled by the same energy carrier

STATA Data analysis and statistical software

TPP Thermal Power Plant

Urban Central Dyvelling type in MARKAL termi_nology that means urban private house
with central heating system (boiler)

Urban Local Dyvelllng type in MARKAL terminology that means urban private house
with local heating (stove)

VBE Veda Back End software

WPP Wind power plant
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2.0 TRAINING OF THE ANALYTICAL DEPARTMENT

2.1 TRAINING SESSIONS

The staff from the Ministry of Energy’s Analytical Department and the representative of
the Ministry of Environment were trained in planning based on MARKAL Georgia model.
The group was divided into two MARKAL model operators, who had access to the
model on their computers, and the group of analysts, who were mostly preoccupied with
data collection, data preparation for input and interpretation of model outputs; they also
recommended changes to inputs as well as details of future energy sector scenarios as
needed.

In total 18 training sessions were conducted in the Ministry of Energy by Murman
Margvelashvili, Natalia Shatirishvili, Giorgi Mukhigulishvili and Nino Maghradze. The
training sessions were divided into two parts: a more theoretical presentation/lecture
providing insight into various aspects of long term energy planning, and a practical
modeling/planning part, where the technicalities of operating the MARKAL Georgia
model, data preparation and input, interpretation of results and preparation of
information for decision makers were taught. The staff of the Analytical Department was
given various tasks at the end of each lecture to allow them to use the acquired
theoretical knowledge in practice. These tasks were reviewed and revised as needed by
the WEG staff upon completion.

The theoretical portion of the training covered the main energy issues such as demand
projection methodologies, renewable energy, energy efficiency, energy security,
electricity markets, integrated resource planning, and other similar topics. Best
international experiences and an overview of the energy market in Georgia and its
specifics were presented. The practical part of the training covered MARKAL Georgia
model results’ analysis, specific scenarios and preparation of a policy brief by AD
members. It helped the AD in developing analytical skills to better understand MARKAL
Georgia operation, correctly interpret the program results and improved their networking
with energy companies through active participation in data collection and processing.

Theoretical training topics stated in initial Training Syllabus were slightly adjusted to
devote more time to the issues that were considered to be most important and
appropriate in relation to the knowledge of AD members. In-room trainings covered the
following topics (summary of each training session can be found in Appendix |):

> Energy Policies, energy strategies and energy plans - main principles

» Organization of planning activities and the role of different parties

» Economic and financial basis of energy planning

» Energy demand projections/forecasting

» Energy Balance, its structure and data organization based on IEA standards
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Genesis, production and characteristics of fossil fuels

Thermal power generation

Integrated Resource Planning

Methodology of cost benefit analysis of infrastructure projects including energy
projects

Energy efficiency

Energy and climate change and overview of climate change issues in Georgia
(by Ministry of Environment)

Overview of electricity system of neighboring countries (Azerbaijan, Armenia,
Russia and Turkey) conducted by representatives of AD

Energy Economics

Hydro Power

Renewable energy with a focus on solar energy technologies

Renewable energy with a focus on wind, geothermal and biomass energy
technologies

Y VY YV V V

A\

YV VYV V

The presentations are appended in Appendix Il of this report.
In addition to trainings, the AD staff was invited to participate in a series of seminars on

Energy Policy and Sustainability organized by WEG. The following seminars were
attended by AD members: Georgia’s Association with European Union in Energy
Sector, Georgia’s Households Energy Consumption and Wood Management Problems,
Energy Demand Projection in Georgia and Georgia’s Energy Security. All seminars
were attended by high level professionals who also made presentations. The AD staff
participated in professional debates and obtained information on the current challenges
of Georgia’s energy sector.

In the practical part of the training devoted to MARKAL Georgia model, the AD staff was
trained in running different simple scenarios, analyzing their results, performing
sensitivity analyses of selected parameters, conducting data processing and input
preparation, working with analytics workbooks and preparing Policy Briefs (sample
Policy Brief prepared by AD MoE is included in Appendix III).

In the course of trainings, WEG organized a visit to GSE’s Dispatch Center where the
AD staff learned the functions and principles of operation of the Dispatch Center as well
as operation of power system. For the AD staff members, it was their first visit to the
Dispatch Center. This trip established the initial contacts and improved their knowledge
of the Georgian electricity system.

WEG also arranged a working meeting with Georgian Oil and Gas Corporation (GOGC)
to discuss the issues of the natural gas sector. The meeting helped to establish the
working contacts between the AD staff and the staff of GOGC. The details of future
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natural gas availability from different sources and relevant prices were discussed for
inputting relevant data into the MARKAL Georgia model.

Improved data collection and processing skills of the AD staff resulted in preparation of
the energy balance that was primarily developed for MARKAL Georgia, however, can
be also used for other internal analyses, until official energy balance is developed. With
improved analytical skills, the AD staff prepared a Policy Brief with analysis of the
preliminary Reference Scenario. In general, the AD staff acquired valuable skills that
contributed to their professional development and capacity building of the Ministry as a
whole.

2.2 SCENARIO ANALYSES

As a part of training sessions, with the participation of AD staff, WEG developed and
analyzed several scenarios using the MARKAL Georgia model.

1. Scenario with Georgia 2020 Socio-Economic Strategy white paper parameters

The Ministry of Economy and Sustainable Development published the Country Social-
Economic Development Strategy — Georgia 2020, where aggressive GDP growth as
well as aggressive electricity production growth parameters were assumed. WEG
together with the AD staff analyzed the scenario with “Georgia 2020” growth projections
and namely examined the projections for power sector.

2. Energy Efficiency Scenarios

Several Energy Efficiency (EE) scenarios were conducted and analyzed to compare the
effects of different methods for setting EE targets as well as change in EE technology
penetration rates.

- Energy efficiency scenario with penetration ratios for different advanced
technologies (UC 99 template)* modified by the AD staff and EE target with 9%
gradual decrease in final consumption in comparison to Reference Scenario.

- Energy efficiency scenario with penetration ratios for different advanced
technologies (UC 99 template) modified by the AD staff and EE target with 9%
decrease in final energy consumption with respect to the average of 2012-2015.

- EE scenario with no changes to efficient technology penetration (UC 99)
template and 9% gradual EE increase target with respect to the average 2012-
2015 final energy consumption.

The goal of this exercise was to test the sensitivity to technology penetration
assumptions and to demonstrate different methodologies of setting Energy Efficiency

targets — based on the base year and based on Reference Scenario.

3. RE Scenarios

! User Constraint (UC) 99 template is a technical part of MARKAL where restrictions are written
HYDRO POWER AND ENERGY PLANNING PROJECT (HPEP) 6



A set of Renewable Energy (RE) scenarios with different RE targets were run to
understand better the potential realistic targets for Georgia and to examine the effects of
different methods of RE target setting. The cases with 55% and 70% target of RES
were examined. List of new available technologies and their parameters was analyzed
and modified by the AD staff. The goal of running these scenarios was also to
demonstrate how the Renewable Scenario may be more complex and go beyond just
setting renewable target.

4. Scenario with coal power plant excluding Khudoni from the energy system

This was an alternative scenario where the coal powered thermal power plant was
included as must run, based on the existing agreement with GIG, the owner of the local
coal mines and developer of coal-fired power plants. Khudoni was completely excluded
from consideration.

5. Enguri disconnection Scenario

A test was conducted to determine whether the system is able to satisfy the demand if
Enguri HPP is not available for an extended period of time, and what are the associated
costs.

Enguri was disengaged from the system for two consecutive three-year periods 2015
and 2018 (i.e. for six years) and was allowed to reconnect to the system later. In view of
the possibility of running Enguri in later periods the model chose not to build any
considerable additional number of generation plants, but compensated the absence of
Enguri through cutting off exports, increased import and increased thermal generation.
The cross border transmission capacity allowed for such compensation, deferring the
issue to sufficient contractual arrangements for such a scenario.

6. Sensitivity run with increased CNG in transport

The penetration of CNG in transport sector increased compared to conservative
numbers in reference case. The effects on natural gas availability, CO, emissions,
external dependence and system costs were examined together with other traditional
parameters.

All of the above scenarios were based on the Reference Scenario available in May-
June 2014. The results are stored in corresponding Analytics Workbook excel files.
However, the numerical results aren’t presented in this report because the Reference
Scenario has been changed several times since then. The appended policy brief (see
Appendex Ill) with reference case results also has mostly illustrative values to show the
work of the AD staff on data for presentation and analysis of results to policy makers.
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The main goal of developing the policy brief was to train the AD staff in conducting
analysis and interpreting the results for policy makers in an easy and understandable
manner. The reference scenario has been further improved through energy data
verification and Households' survey data input as described below in this report.

3.0 MARKAL GEORGIA MODEL

In parallel to training sessions, WEG continued developing the MARKAL Georgia
model. The development process involved refining the input data, identifying the illogical
results and correcting the causes of the illogical results. On the data improvement side,
the Household survey results were inputted into the MARKAL Gorgia model, and energy
sector data improvement and verification with relevant sector experts was conducted.
WEG worked in collaboration with DWG from the EC-LEDS project to achieve
comprehensive model development by improving the modeling structures and
considering both energy and environmental aspects. The model will be used as a tool
by the Ministry of Energy for long term planning and its results will be also used by
Ministry of Environment and Natural Resources Protection for development and
analysis of Low Emissions Development Strategy.

Using the STATA software that is designed for large data set processing, WEG
processed the Household Energy Use Survey results and inputted energy related data
in the model. About 60 different parameters were analyzed and inputted. The list of all
data inputted and processes together with main assumptions are presented in Appendix
\Y2

The data obtained through Households’ survey helped improve the residential sector
related inputs in the MARKAL Georgia model. Energy consumption by fuel type and by
energy service demand (heating, water heating, cooling, etc.) were estimated and
inputted as well as citizens’ allocation by dwelling types and its projected evolution
considering urbanization tendency and willingness of households to arrange central
heating systems. The Households’ survey also contained data on residential
technologies, and their technical and economic characteristics. This information was
used to make an estimation of average efficiencies and shares of people using certain
technologies. The mentioned data was also considered in defining the penetration
ratios and their projections for major residential technologies.

The Households’ survey also provided the data on transport and some data on energy
efficiency. Transport data was processed by WEG and was input into the model by the
EC-LEDS’ modeler. The energy efficiency portion of the survey was not included in the
Reference Scenario; however, the information can be useful while conducting the
Energy Efficiency scenario.

HYDRO POWER AND ENERGY PLANNING PROJECT (HPEP) 8



Along with the new input data, the largest role in MARKAL Georgia model
improvements was data verification. The first phase of data input was carried out during
the first cycle of training for the AD staff of MOE under regional EC-LEDS program.
However, the main efforts were directed to training the AD staff and there was little
guality control of data input. Starting from the second cycle of training under HPEP,
WEG started data verification and correction. The major issues that were reviewed and
verified were:

» Hourly electricity load data had to be corrected to include the Abkhazia
load and, therefore, the peak load in the model differed from the real peak
in 2012 by about 200 MW. WEG corrected the energy load information
representing hourly load for the whole country including Abkhazia region
and calibrated the load data.?

» Corrections were introduced to capacities in aggregated technologies
including “Other regulating HPPs” and “Run of River HPPS” since they
didn’t correspond to their real capacity. Some run-of-river plants were
counted as other regulating (reservoir HPPs) plants, which means that
some run-of-river plants were given characteristics (with relatively high
AFs) of regulating HPPs that exaggerates AF of existing HPP capacity.
Corrected parameters were input into the model.?

» Since the plants were regrouped under existing plant categories, relevant
seasonal and annual Availability Factors (AFs) were recalculated and
inputted. Variable and fixed O&M costs were recalculated and inputted.
Electricity generated in the base year was recalculated and inputted
according to plant categories.

» The data on seasonal peak AFs of existing plants was verified with GSE’s
Dispatch Center and corrected values were inputted into the model.
Previously Enguri and Vardnili HPP and Other regulated HPPs had 100%
AF in peak in any season which doesn’t correspond to reality.*

» AF of existing thermal power plants for future years was corrected to be
95%. Previously it was equal to base year AF, which meant that they had
no opportunities to generate more than in the base year.

» Export/import seasonal constraint for electricity trade with Armenia and
Azerbaijan were updated based on information obtained from the Dispatch
Center.”

» To account for construction and financial risks, the upper limit of new small
HPPs (more and less than 15 MW) was multiplied by 0.7 per each

> GSE hourly load data for Georgia

$ESCO, Electricity Balance of Georgia 2012. <http://www.esco.ge/files/energobalans 2012 eng.pdf>.
* Letter from GSE, May 30, 2014

® Interview with GSE - Archil Kokhtashvili Head of department, Ucha Uchaneishvili-member of
management board May 15, 2014.
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constraint. This is equivalent to assumption that only 70 of currently
acknowledged hydropower potential can be commissioned before 2036.

» To account for delay risks and financial barriers for big HPPs, their initial
commissioning year was shifted by one period later (except for Khobi 2
and Dariali, whose commissioning years were confirmed by MoE.

» The upper constraint on geothermal energy use in Residential and
Commercial sectors was made more realistic by correcting the upper
bound in the Agriculture sector. Use of geothermal energy should be
restricted in the model, since it is available only in certain regions and its
increased consumption is associated with investments in the infrastructure
expansion, which has not been considered in the model. Possible growth
of geothermal energy use was restricted to 200% over the planning
horizon.® WEG recalculated the volumes and corrected the base energy
balance and corresponding sector templates. The estimation on
investment costs of new technologies for geothermal use expansion were
adjusted based on USAID assessments of 1998, USAID/WEG reports of
2008 and experts inquiries. The data was inputted in the model. A new
geothermal energy supply technology was added to the model based on
concrete agriculture complex project with estimated investment cost more
in line with similar cost in residential sector.’

» The investment costs of technologies using fuel wood in agriculture had
zero investment cost. Such technologies were switched off. In the future,
once data on wood consumption in Agriculture is available, these
technologies can be switched on. However, according to 2012 year
obtained data there is no wood consumption in the Agriculture sector.

» WEG reduced the projection of wood fuel price growth from initially
assumed 50% growth in 2015 down to annual (real) 1% growth projection.
This eliminated a sharp drop in wood consumption in the model.

» Investment cost of efficient wood stoves was corrected. WEG changed
investment cost for efficient (70%) stoves, thus allowing more efficient
technologies to penetrate the market.?

» A request was made for modeling the natural gas storage facility for
seasonal balancing of gas supply. After initial attempts, the natural gas
storage is not modeled yet. Therefore, for the time being the potential for
natural gas storage cannot be included in the model as an option. The

® Interview with a Geothermal expert G. Vardigoreli, 6 June, 2014.

" Renewable Energy Potential in Georgia and Policy Options for Its Utilization, <http://weqg.ge/wp-
content/uploads/2012/12/renewable energyl.pdf>.

® USAID, WEG, Winrock International, Technology Needs Assessment for Georgia, February 2008.
<http://weg.ge/wp-content/uploads/2012/11/technology-needs-assessment-and-technology-action-plans-
for-climate-change-mitigation.pdf>.
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effect of storage can be analyzed outside the model and will be inputted
as an external limitation in the relevant scenario.

After all of the above changes, the model was run and tested in the Reference Scenario
and no illogical results were found. The time before end of August will be devoted to
further verification of inputs and scrutiny of assumptions and restrictions in the model.
Although the model should be subject to continuous revision and improvement, the
current state of the MARKAL Georgia model is in an adequate condition for further
scenario analysis and can be used in decision making for Georgia’s energy strategy by
coordinating the input parameters, assumptions and constraints with the working group
of the strategy.
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4.0

APPENDIX |

TRAINING SESSION SUMMARIES AND TASKS

This appendix contains the summaries prepared after each training session.

The training sessions mainly consisted of the following activities:

HwnN P

A theoretical presentation/lecture on specific topic related to long term planning,
Discussion of the tasks (homework) performed by analytical department
Practical training in modeling/planning with MARKAL

New task assignments for next training sessions.

Below is a training summary for each day, which describes the activities at the training
session as well as tasks given to the analytical department and undertaken by WEG for
the next training session.

March 12, Training Summary

1.

3.

The formal opening of training was conducted in the presence of Deloitte and
USAID mission representatives

M. Margvelashvili made a presentation on the organization of planning activities
and the role of different parties

Discussion of tasks performed by AD

Following the observations from previous session, WEG corrected biomass (wood)
consumption in residential sector and restricted construction rates of Minor HPPs (less
than 15 MW and more than 15 MW).

a.

Biomass consumption was excessive in residential sector due to the assumption
that on average a rural family consumes 10 m* of fuel wood per heating season.
This assumption was changed and average consumption was reduced to 5 m* of
annual fuel wood consumption for an average rural family. The assumption was
verified with the AD team and inputted in the model by WEG.

The number of small HPPs representing hydro potential and some active projects
with signed MOUs are represented in the model in aggregate technology “Minor
HPP More than 15MW” and “Minor HPP less than 15SMW”. These technologies
are assigned average cost/performance characteristics of HPPs from the ministry
list and are considered as two separate technologies. In reference case the
model builds maximum capacity (3 GW) in 2015-2018, which is unrealistic. The
AD team was asked to develop yearly constraint of new HPP construction
consistent with current HPP construction trends, to smooth construction rate of

HYDRO POWER AND ENERGY PLANNING PROJECT (HPEP) 12



new HPPs. WEG team imposed the constraints in the model and analyzed the
results with the AD team.

4. Georgia 2020 case and analysis of results

WEG conducted the runs with economic development Georgia 2020 parameters (GDP
growth and electricity generation projections) and presented the results for analysis with
AD team. The methodology of creation of Georgia 2020 case was explained to AD
team. The main observations are: Coal consumption grows too fast, substituting wood
consumption to some extent. This was considered as less likely and was resolved
through restricting urban residential consumption of coal.

GDP growth projection from Georgia 2020 was imposed on Reference case but there
were no significant changes neither in consumption patterns nor in generation, since
Reference case GDP growth does not differ much from the one proposed by Georgia
2020.

On the other hand, achieving the 18 TWh generation level as envisaged in the strategy
did not turn out to be straightforward. The amount of export envisaged by Georgia 2020
was difficult to achieve realistically.

Electricity generation, import/export and new power plants were discussed during the
session concluding that with available generation options it is unlikely to have 18 TWh
generation by 2021 as proposed in Georgia 2020 considering available generation
options.

5. Tasks for the next session:
The following tasks were given to the AD

» Update data on coal extraction amount for 2012-2013
» Send to WEG team technology development newsletter prepared by AD
» Finalize analysis of analytics workbook with Georgia 2020 parameters

WEG will conduct the following activities

> Input in the model coal extraction cap and find the reason of high coal
consumption in residential sector and correct it

» Prepare for energy efficiency run; prepare Analytics workbook with energy
efficiency case.

HYDRO POWER AND ENERGY PLANNING PROJECT (HPEP) 13



March 19, Training Summary

1. M. Margvelashvili presented on Economic and Financial Basis of Energy
Planning
2. Discussion of tasks performed by AD

Following the observations from previous session WEG corrected coal consumption in
residential sector.

c. AD team provided data on coal extraction for 2012 and 2013 years. Since coal
mining amount does not differ much in recent years it was decided to impose
mining cap with gradual growth from 7.06 PJ in 2012 to 8 PJ in 2027 and the
following years. Two heating technologies of coal combustion in urban residential
sector were removed from possible options list, since such technologies are
unlikely to appear. Gas and coal residential consumption was restored to more
realistic levels.

3. Reference case with corrected coal, energy efficiency case and analysis of
results

WEG conducted the runs with corrected coal consumption and compared the results to
the Reference scenario. Together with AD team WEG analyzed the results.

Ways of making the energy efficiency scenario more comprehensive through energy
efficient technologies market analysis and reflecting it in penetration ratio of efficient
technologies were shown to AD as well as the ways of switching off/on different energy
efficient appliances.

AD modelers performed Energy efficiency run with an imposed higher energy efficiency
target.

4. Tasks for the next session:
The following tasks were given to the AD:

» Calculate leveled energy costs of different generation technologies provided by
WEG in excel spreadsheet

» Consult with GEDF on current and potential wind power projects and their
technical and economic characteristics

» Survey average world price of PV electricity generation systems

» Examine the Reference and EE scenario results and report findings.

WEG will conduct the following activities:

» Review renewable energy technologies and PP data
HYDRO POWER AND ENERGY PLANNING PROJECT (HPEP) 14



» Review elasticity for sector and sub sectors
» Conduct Renewable energy run, prepare Analytics workbook

March 26, Training Summary

1. G. Mukhigulishvili made a presentation on Energy Demand
Projections/Forecasting and discussed different projection techniques as
well as the role economic projections play in MARKAL. He also discussed
concept of demand drivers and elasticity and showed corresponding
values from MARKAL.

2. Discussion of tasks performed by AD

Leveled costs of several generation technologies including solar, hydro, thermal,
nuclear power were calculated by AD. The results were reviewed and discussed.

3. Renewable energy target case and analysis of results

Current level of renewable energy development and existing barriers were briefly
discussed.

WEG conducted the renewable energy target run. For this scenario, 4 wind power
options were added to the model of potential wind power projects as well as one
potential solar 110 MW PV plant option (inspired by previous Korean investor proposal).
Additionally, new renewable energy demand technologies were added, like solar water
heaters, solar/electricity heat pumps, geothermal heat pumps, etc. Having in mind that
in Reference scenario the renewable energy share in total energy system is about 40%,
it was decided to set a target of 55% of renewable share by 2027 for RE case.

Analytic workbook was updated with Reference and Renewable energy target cases.
The key results were discussed as well as more detailed results from VBE software
including new generation plants, their capacities and commissioning years, renewable
technologies chosen, etc. Comparative analysis was conducted.

Ways of “enrichment” of renewable energy case were discussed.
Tasks for the next session:
The following tasks were given to the AD

» Conduct electricity projections using different techniques presented by WEG

» Conduct Renewable energy target case with imposed higher target of 70% by
2027.

» Update analytics workbook with higher target scenario

HYDRO POWER AND ENERGY PLANNING PROJECT (HPEP) 15



» Compare Reference, Renewable case with 55% target and Renewable case with
70% target and report findings on next session
» Obtain technical-economic data of coal plant to add such option to the model

WEG will conduct the following activities

> Review load curve data and availability factor of generation plants
» Conduct several runs with added/removed different generation options
> Prepare analytic workbook for discussion of results

April 2, Training Summary

1. Murman Margvelashvili presented on Load projections and system
reserve planning. He presented basics of load curve analysis and
projections, calculation of system reliability and discussed importance
of reserve margin. Load curves of Georgian power system of 2012
were demonstrated as an example.

2. Discussion of tasks performed by AD

AD conducted Renewable energy target scenario with 70% target. The results
were briefly discussed using analytics workbook.

3. Load Calibration template and electricity generation options — led by
Natalia Shatirishvili

Load curves in MARKAL as well as load data were demonstrated and discussed.
Process of setting reserve margin, calibration of load data, development of average and
aggregated load curves were demonstrated and reviewed. The following load curves
were reviewed: seasonal load curves, sector load curves, subsector load curves, overall
and annual load curves.

The ways of how new generation option can be added to the model were demonstrated
as well as the way how energy generation option can be excluded from the model. The
list of existing generation options and their technical parameters was reviewed.

Tasks for the next session:
The following tasks were given to the AD

» Assess and classify available reserve margin in Georgia in summer and winter —
consult with Energy Department

Calculate the system reliability at night, shoulder and peak in lecture example
Investigate Annual peak of December 19", 2012

Run the case with coal plant and excluded Khudoni HPP

Update the analytics workbook and discuss the results

YV VYV
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WEG will conduct the following activities

> Review energy balance in the model

Conduct the run with aggressive GDP growth

Conduct the run without Enguri and conduct sensitivity analysis
Prepare the analytics for discussion

Visit to the Dispatch Center will be arranged in the week of April 14.

YV V V

April 10, Training Summary

1. Giorgi Mukhigulishvili made a presentation on Energy Balance, its
structure and data organization based on IEA standards. Georgia’s
energy balance for 2012 was also reviewed and analyzed from the
energy security perspectives.

2. Discussion of tasks performed by AD

AD conducted Renewable energy target scenario with 70% target and scenario
with coal power plant and without Khudoni HPP in energy system. Discussion of
the main findings was shifted to the next training session.

3. Aggressive GDP growth scenario and Energy Security scenario—
led by Natalia Shatirishvili

WEG conducted run with aggressive GDP growth rate, which is on average 1-2% higher
than in Reference case. The sensitivity analysis was conducted showing that small
increase in GDP growth rate does not cause substantial changes in energy
consumption patterns. The results were discussed during training session.

WESG also conducted a scenario where main HPP Enguri was shut down in 2015-2018
years to check whether Georgian energy system is able to satisfy domestic demand
without Enguri in case of such force Majeure. The results were briefly discussed.

Methods of creating similar scenarios in MARKAL (from technical point of view) was
demonstrated and explained to AD staff responsible for MARKAL software operation.

Tasks for the next session:
The following tasks were given to the AD

» Fill in tables with key parameters of the scenarios conducted by AD (Renewable
energy target scenario with 70% target and scenario with coal power plant and
without Khudoni HPP in energy system)

» Finalize analysis of Analytics workbook with Aggressive growth and Energy
Security scenarios, conducted by WEG, fill tables with key parameters, add
graphs and key messages for policy makers
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> Look closer at the Reference case results and report on any anomalous results.

» Prepare new upper constraints for minor HPP (less than 15 MW) and minor HPP
(more than 15 MW) in accordance with Ministry of Energy’s favorable scenario of
evolution of electricity sector.

> Fill in the IEA balance builder for Georgia (year 2012)

» Think and create indicators to analyze energy balance of Georgia for year 2012

WEG will conduct the following activities:

» Organize a visit to the Dispatch Center

» Conduct sensitivity run to understand the effect of uncertainties in the transport
sector on the whole system

» Analysis of results, identification of data/assumptions limitations

» Work with any anomalous results of the Reference case

» Implement new upper constraints on minor HPPs (less than 15 MW) and minor
HPPs (more than 15 MW)

April 16, Training Summary

1. Murman Margvelashvili made a presentation on genesis production
and characteristics of fossil fuels to be considered in MARKAL model.
He also described different types of fossil fuel deposits and showed a
video on shale gas extraction process.
2. Discussion of tasks performed by AD
AD conducted Renewable energy target scenario with 70% target and scenario with
coal power plant and without Khudoni HPP in the energy system. AD filled tables with
key parameters of conducted scenarios for an easier representation of main findings.
The main findings were briefly discussed.

The need for closer engagement of the whole AD was revealed and it was
recommended that other AD members, except those responsible for running the model
be actively involved in scenario analysis and preparation of the main findings for policy
makers. Discussion meetings can be arranged at the end of the day each Monday to
discuss within the group the main findings and anomalous results and prepare grounds
for future policy briefs.

3. Visit to Dispatch center

WEG organized a visit to Dispatch center. Representative of Dispatch center made an
overview of center’s operation, its responsibilities and functions of Georgian electricity
system in general. AD staff found the visit very useful and expressed their interest
through number of questions to the center’s representatives.
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Tasks for the next session:
The following tasks were given to the AD

> Finish the task on load curves stated in the presentation of April 2.

> Finalize analysis of Analytics workbook with Renewable energy target and Coal
plant scenarios conducted by AD.

> Look closer at the Reference case results and report on any anomalous results.

» Conduct a sensitivity run with increased CNG consumption in transport.

WEG will conduct the following activities:

» Implement new upper constraints for minor HPPs (less than 15 MW) and minor
HPPs (more than 15 MW) in accordance with Ministry of Energy’s favorable
scenario of evolution of electricity sector.

» Analysis of results, identification of data/assumptions limitations.

» Work with any anomalous results of the Reference case.

April 23, Training Summary

1. Murman Margvelashvili made a presentation on thermal power
generation. He discussed the principles of power generation and
different types of thermal power plants including condensing cycle, gas
turbine, cogeneration and combined cycle, efficiencies and prices.

2. Discussion of tasks performed by AD

AD conducted sensitivity test in transport sector to examine the effect of its energy
consumption on other sectors. CNG consumption in transport was increased and the
results of the run were compared by costs and consumption patterns. The main
conclusion was that change of CNG consumption in transport didn’t reflect in any other
sector, neither in fuel consumption nor in expenditures.

AD conducted Renewable energy target scenario with 70% target and scenario with
coal power plant, without Khudoni HPP in the energy system. The responsibilities of AD
staff were divided between modeling team and analytical team. Modeling team prepared
preliminary analysis and filled the tables with key parameters while analytical team
together with WEG analyzed the model outcomes and looked for anomalous results.
The main results’ tables were discussed and some anomalous results were identified for
a deeper analysis and clarification.

Tasks for the next session:

The following tasks were given to the AD:
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» Calculate heat rate of Georgian TPPs in GJ/GW and BTU/kWh
» Through desk research compare typical efficiencies and heat rates of
o Gas turbine plant
o Combined cycle
o Subcritical and supercritical coal PPs
» Calculate the cost per kW of Balance of Plant at 230MW CCGT using the Gas
Turbine prices from the presentation and known total cost of the plant
» For analytical team: finalize analysis and prepare list of anomalous results.
Present the list at the next training session.
» For modeling team: work with the list prepared by analytical team, investigate
reasons of anomalous results and correct them. Present the outcome at the next
training session.

WEG will conduct the following activities:

» Analyze export/import amounts, generation patterns, evolution of marginal costs
» Analysis of results, identification of data/assumptions limitations
» Work with any anomalous results of the Reference case

May 7, Training Summary

1. Giorgi Mukhigulishvili made a presentation on Energy Economics. He
discussed types of energy markets and briefly discussed the situation
in Georgian coal, oil, gas and electricity sectors.

2. Discussion of tasks performed by AD

AD calculated heat rate of Georgian TPPs in GJ/GW and BTU/kWh and presented their
outcomes. They have also presented comparison of typical efficiencies and heat rates
of Gas turbine plant, combined cycle and subcritical and supercritical coal PPs.

AD presented analysis of load curves of a typical winter and typical summer day and
discussed day, night and peak patterns.

AD faced difficulties while preparing analysis of anomalous results of the completed
runs and didn’t manage to prepare the list of illogical results and formulize
corresponding task for the modeling team. WEG made additional clarifications and
asked analytical team to redo the task.

Under the instruction of WEG AD wrote a letter to Dispatch center requesting
information concerning seasonal electricity export/import constraints.

Tasks for the next session:
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The following tasks were given to the AD:

» Write one paragraph on characteristics of Georgian oil, coal, gas and power
markets following instructions presented in the presentation.

» Investigate the main characteristics of gas storages in other countries (Europe
etc.).

» For analytical team: finalize analysis and prepare list of anomalous results.
Present the list at the next training session.

» For modeling team: work with the list prepared by analytical team, investigate
reasons of anomalous results and correct them. Present the outcome at the next
training session.

WEG will conduct the following activities

» Analysis of results, identification of data/assumptions limitations

» Work with any anomalous results of the Reference case

» Analyze barriers of renewable energy development in Georgia and discuss the
ways of reflecting them in the model

» Conduct Renewable energy scenario

The next training will be conducted on Thursday June 15™ to allow more time for
preparation of tasks by AD.

May 15, Training Summary

1. Nino Maghradze made a presentation on Hydro Power. She discussed
different types of hydro power plants and their main technical and
economic characteristics, environmental and social impacts, as well as
operational advantages and limitations of hydro power.

2. Discussion of tasks performed by AD

AD prepared an analysis of “anomalous” results noticed in current model run and made
a list of illogical issues of the completed runs. The list was discussed in detail with
analysis of reasons for such behavior of the model and at the end of practical part of
the training, WEG together with two representatives of AD visited GSE and its dispatch
center to discuss data concerning electricity sector, namely, realistic seasonal
contribution to system peak by hydro power plants, export and import seasonal
constraints by neighboring countries. The hydrology regime of the base 2012 year and
its relevance for future planning was also discussed.
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According to A. Kokhashvili and U. Uchaneishvili the 2012 actual hydrology was a very
good representation of average year and is fully appropriate for the use as typical
hydrology regime. It was agreed that AD will prepare a letter to Dispatch center with the
current MARKAL inputs for seasonal export/import constraints and contribution to peak
of hydro plants for further review and comment/corrections by Dispatch center’s
representatives.

Tasks for the next session:
The following tasks were given to the AD:

» Compare new HPP data with electricity sector Excel projection prepared by AD
separately.

» Check an amount of CO, emission savings with HPP power generation in
comparison to coal plant, oil plant and thermal power plant.

» For analytical team: finalize analysis of the list of anomalous results, think of
possible reasons for them.

» For modeling team: WEG will send some illogical issues that weren’t observed by
AD analytical team. Modeling team should prepare analysis, find and correct
reasons for illogical output of the model.

WEG will conduct the following activities:

» Analysis of results, identification of data/assumptions limitations.
» Correct reasons for illogical results in the Reference scenario.
» Work with Dispatch center on improving of electricity sector data.

May 21, Training Summary

1. Nino Maghradze made a presentation on Renewable energy focusing
on solar energy technologies. She discussed types of solar panels,
their technical and economic characteristics as well as principles of
electricity generation and using heat from solar energy.

2. Discussion of tasks performed by AD

AD continued an analysis and improvement of the unexpected results noticed in
previous model runs and made a list of the issues addressed. The discussion of
improvements in detail with analysis of reasons for initial unexpected behavior of the
model started during previous training session was continued on 21.05 training. The
group was actively involved in the discussion and showed increased understanding of
the model mechanics and the nature of technology specific constraints. Modeling team
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will finalize analysis of those illogical issues and will try to correct the reasons in the

model.

UC_99 template of user defined constraints for efficient and advanced technologies was
with the explanation of tasks for analytical team for the next training session.

Tasks for the next session:

The following tasks were given to the AD:

>

>

Compare new HPP data with electricity sector Excel projection prepared by AD
separately.

Check the model prices of PV systems and compare them to current world prices
for similar technology.

For analytical team: go through UC_99 template and think of new upper/lower
constraints for efficient and advanced technologies. Prepare the template for
Energy Efficiency scenario.

For modeling team: Modeling team should finalize the analysis, find and correct
reasons for illogical output of the model from the list that WEG sent them.

WEG will conduct the following activities:

Continue with analysis of results, identification of data/assumptions limitations
Collaborate with Dispatch center on hydrology data improvement and electricity
import-export limitations

Prepare for advancing Energy Efficiency scenario. Think of energy efficiency
targets by sectors.

May 28, Training Summary

1. Nino Maghradze made a presentation on Renewable energy focusing
on wind, geothermal and biomass energy technologies. She discussed
types of wind turbines, types of geothermal and biomass technologies
their technical and economic characteristics.

2. Discussion of tasks performed by AD

AD team examined UC_99 template of user defined constraints for efficient and
advanced technologies and set new penetration rates for certain advanced
technologies. The template was discussed and integrated into the energy efficiency
scenario together with gradual target reaching 9% reduction of final energy consumption
in the end of planning period. The ways of setting targets were discussed. 3 energy
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efficiency scenarios were ran and analyzed: energy efficiency case with UC 99 template
prepared by AD and 9% gradual target with respect to the corresponding Reference
case final consumption, energy efficiency case with UC 99 template prepared by AD
and 9% gradual target with respect to the average 2012-2015 final energy
consumption and energy efficiency case with UC 99 template without any changes and
9% gradual target with respect to the average 2012-2015 final energy consumption.

Analytic workbook was updated and main observations were discussed.

HPP data with electricity sector Excel projection prepared by AD separately was
compared to model HPP data and corresponding changes were made to model input.

Tasks for the next session:
The following tasks were given to the AD:

> For analytical team: Finalize analysis of conducted energy efficiency scenarios
and write several pages describing main findings and key messages for policy-
maker.

» For modeling team: try to correct reasons for illogical output of the scenarios from
the list that WEG sent them.

WEG will conduct the following activities:

» Continue with analysis of results, identification of data/assumptions limitations

» Collaborate with Dispatch center on hydrology data improvement and electricity
import-export limitations

> Prepare for renewable energy scenario, renewable energy target

June 4, Training Summary

1. Giorgi Mukhigulishvili made a presentation on Integrated Resource
Planning. He spoke about evolution and importance of IRP and world
practice in balancing supply and demand side measures in assuring
the continuous and reliable supply to consumers. Various demand side
management policies and measures were discussed in detail; a
parallel was made to the status of Georgian energy sector.

2. Discussion of tasks performed by AD

AD team prepared the analysis of the main observations of conducted Energy Efficiency
cases and documented their findings with explanations of their views. These finding will
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be used during preparation of Policy Briefs. Findings were discussed during the training
session.

AD presented world average prices of PV systems and their evolution that can be used
as an alternative generation option in Renewable case scenario.

The way of setting renewable target in the model was discussed. Examples of different
countries’ targets were discussed. AD team will think of the target for Renewable case.

The ways how Renewable case may become more complex were discussed: namely
list of all energy demand-side technologies, their role in the model and renewable
technologies that they contain, list of generation options and ways of adding new
renewable generation options to the model for Renewable case, sensitivity analysis of
renewable target (setting different targets and choosing the most optimal one).

Tasks for the next session:
The following tasks were given to the AD:

» For analytical team: Think of renewable energy target for Renewable case,
analyze the list of new demand technologies paying special attention to
renewable demand technologies. Search for technical and economic parameters
for PV systems for Renewable case.

» For modeling team: input data obtained by AD and implement Renewable target.

» ldentify issues in power sector of Georgia which are relevant to IRP rules
(Example — electrification)

» ldentify energy efficiency measures in Georgia’s power sector

» Compare prices of peak and base-load energy in the Georgian power system

WEG will conduct the following activities:

» Continue with the analysis of results, identification of data/assumptions’
limitations

» Conduct several Renewable cases with different targets to prepare sensitivity
analysis of the target

» Input the data obtained from Dispatch center

June 11, Training Summary

1. Giorgi Mukhigulishvili made a presentation on methodology of cost
benefit analysis of infrastructure projects including the energy projects.
He presented the basics of cost benefit analysis approaches and the
key factors that should be considered.
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2. Discussion of tasks performed by AD

AD team suggested using 35% renewable energy target. However, since under
Reference case there is 40% share of renewables in energy mix, such target was not
effective and didn’t stimulate model to increase usage of renewables. AD team has also
reviewed the list of available new technologies in the model and “switched on” some
new renewable technologies in different demand sectors. This file was included in
Renewable case run and analyzed at the training session.

The following scenarios were performed: renewable case with 35% target and new
demand technologies, 55% target and 55% target with new demand technologies. The
analytics workbook was updated and main observations were discussed. Comparative
analysis of conducted case was performed.

Electricity sector data obtained from the Dispatch center was showed and discussed
with AD.

The data on average peak contribution of existing plants will be inputted by WEG,;
however, the transmission line capacity constraints obtained from Dispatch center were
decided not to be inputted at this stage, since they represent theoretical physical
constraint of the line and not realistic amounts that can be imported / exported.

WEG observed that load data doesn’t contain hourly load data of Abkhazia region and,
therefore, peak in the model doesn’t equal to real peak (difference is more than
200MW). Hourly load data for the whole country, including Abkhazia (TED sector in the
model) will be inputted by WEG.

WEG observed that total capacity of existing plants does not correspond to real
distribution of capacity by plant type. There were too many regulated plants while there
were very few run-of-river HPPs, which means that some non-regulated plants had
parameters of regulated ones, since model sees this group as one technology with
certain technical and economical parameters. This data will be corrected by WEG.

The prices and volumes of geothermal energy supply were discussed and partly
recalculated based on previous studies and applicable conversion factors. WEG
corrected the conversion formula. The input data still looks too high and needs
additional verification.

Tasks for the next session:

The following tasks were given to the AD:
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» For analytical team: finalize comparative analysis of conducted scenarios. Write
main observations and key messages supported by corresponding graphs if
needed.

> Identify discount rates of different infrastructure projects in Georgia.

> Present brief summary of CBA of one energy project at the next training session.

WEG will conduct the following activities:

» Continue with the analysis of results, identification of data/assumptions’
limitations

> Input the correct electricity load data and reallocate existing HPP capacities by
plant type

» Geothermal data and conversion factors will be corrected and additional inquiries
will be conducted to arrive at more realistic values

» Work on Reference scenario improvement will continue

June 18, Training Summary

1. Nino Maghradze made a presentation on energy efficiency. She
discussed the measures of country’s energy efficiency level and
made international comparisons, energy efficient lighting
technologies and energy efficient buildings were discussed in
more detail.

2. Discussion of tasks performed by AD

AD performed an analysis of conducted Renewable energy target cases and presented
their main observations. These main findings were discussed with WEG.

An issue of electricity export and import prices in the model was raised by WEG.
Currently these prices are based on ESCO’s balancing electricity prices instead of
export/import agreements or PMUM price and previous actual prices. AD was asked to
develop estimates of electricity export/import prices based on available information.

WEG conducted a number of changes in the model that were presented and discussed
at the training session. The list of main changes introduced by WEG is as follows:

1. Hourly load data didn’t contain data for Abkhazia. WEG inputted new load data
that represents hourly load for the whole country including the Abkhazia region.

2. According to the latest data obtained from MoE, the price for geothermal water in
residential sector is 2 GEL per m>. The price in the model was corrected
accordingly.
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3. Amounts of geothermal consumption were calculated using the wrong
coefficients. WEG recalculated the volumes and inputted in base energy balance
and in corresponding sector templates.

4. Some estimation on investment costs of new technologies for geothermal usage
expansion was made based on WEG's report” and expert inquiries. The data
was inputted in the model. There was no new technology for geothermal use in
the commercial sector. WEG has added such technology with estimated
investment cost similar to the one in residential.

5. WEG restricted possible growth of geothermal energy use to 200% of current
consumption over the planning horizon.

6. The installed capacities of aggregated technologies “Other regulating HPPs” and
“run-of-river” didn’t match to their real capacity. Some run-of-river plants were
counted as regulating plants, which means that some run-of-river plants were
given relatively high AFs of regulating HPPs. Corrected parameters were
inputted in the model.

7. Corrections were made to other HPP grouping under existing plants categories.
Seasonal and annual AFs were recalculated and inputted. O&M variable and
fixed costs were recalculated and inputted. Electricity generated in the base year
was recalculated and inputted.

8. The values of seasonal peak AFs of existing plants verified with Dispatch center
were inputted into the model.

9. There was no data on export/import seasonal constraint for electricity trade with
Armenia and Azerbaijan. Data obtained from Dispatch center was converted and
inputted into the model.

Tasks for the next session:
The following tasks were given to the AD:

» Conduct an analysis of the updated Reference case. Write a summary with
description of the main observations.

» Obtain/estimate export/import prices of electricity. Present the brief overviews of
neighboring countries’ electricity sectors at the next training session.

WEG will conduct the following activities:

» Continue with the analysis of results, identification of data/assumptions’
limitations

» Analysis of results of household survey conducted by AYPEG

» Input the results of household survey conducted by AYPEG

» The work on Reference case improvement will continue

° Renewable Energy Potential in Georgia and Policy Options for Its Utilization, <http://weqg.ge/wp-
content/uploads/2012/12/renewable energyl.pdf>.
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June 25, Training Summary

1. Nestan Gaprindashvili, Senior Specialist of AD made a
presentation on energy efficiency and renewable energy issues
from training seminars she participated in Japan. She discussed
the measures the country implements to assist development of
energy efficient and renewable energy technologies as well as
successful practice of implementation of energy efficient
technologies in Industry and commercial entities.

2. MARKAL - Discussion of tasks performed by AD

AD conducted analysis of Reference case and presented the findings. The results and
emerging issues were discussed in detail during the training session.

Structure of Policy Brief was presented by WEG using an old Policy Brief as an
example. The key performance indicators of energy sector to be included were
discussed in an interactive session. AD will review the suggested structure and present
their suggestions on Policy Brief template at the next session.

Tasks for the next session:
The following tasks were given to the AD:

» Review Policy Brief prepared by WEG in 2012
» Suggest template for Policy Brief: what tables and graphs should be there, which
are priority sectors, etc.

WEG will conduct the following activities:

» Continue with the analysis of results, identification of data/assumptions’
limitations

» Analysis of results of household energy end-use survey conducted by AYPEG

» Input the results of household energy end-use survey conducted by AYPEG

» The work on Reference case improvement will continue

July 2, Training Summary

1. Murman Margvelashvili made a presentation on energy and climate
change. He discussed sources and types of emissions and effect of
climate change on the energy system. In the second presentation he
also explained the relation between energy policy and energy strategy,
the role of energy statistics and long term energy planning for strategy
development. Giorgi Machavariani, representative of Ministry of
Environment, made an overview of climate change issues in Georgia
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and Ministry of Environment activities in this direction. He also
discussed current priorities in climate change adaptation and mitigation
in Georgia.

2. MARKAL - Discussion of tasks performed by AD

AD reviewed the Policy Brief document that was prepared by WEG in 2012. AD
presented their suggestions concerning content of the new Policy Brief. The part of the
Policy Brief devoted to Reference scenario was discussed in detail. AD staff was
divided into three groups and each group is responsible for specific sections of policy
brief.

Although Reference case is still subject to change and improvement, the main goal of
the training is to help AD with MARKAL results’ analysis and preparation of a Policy
Brief. Therefore, the AD will continue practicing in Policy Brief preparation and once
scenarios are ready they will be able to develop the policy brief on their own.

Tasks for the next session:
The following tasks were given to the AD:

> Fill in the Policy Brief tables with Reference case results and provide the
comments
» Insert graphs and present their analysis

WEG will conduct the following activities:

» Continue with the analysis of results, identification of data/assumptions’
limitations

» Discuss with the ministry staff possible new scenarios that are of particular
interest for Ministry of Energy

» Analyze and prepare for input the results of household survey conducted by
AYPEG

» Continue the work on Reference case improvement

July 9, Training Summary

1. Akaki Kharaishvili made a presentation on Azerbaijan electricity system. He
discussed the main generation sources, electricity prices and infrastructure
of Azerbaijan.

2. Ronnie Kvachadze made a presentation on Armenian electricity system. He
discussed the main generation sources, electricity prices and infrastructure
of Armenia.
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3. Nestan Gaprindashvili made a presentation on Russian electricity and gas
sectors. She discussed prices, the main generation sources and
infrastructure capacities.

4.  Avtandil Todua made a presentation on Turkish electricity sector. He
discussed the main generation sources, infrastructure and electricity prices
as well as generation volumes.

5. MARKAL - Discussion of tasks performed by AD

AD conducted analysis of the Reference case and filled corresponding part of Policy
Brief. They presented graphs and tables that they considered interesting for Policy
makers and made primary analysis of presented graphs. Each group presented their
parts of Policy Brief and key messages were discussed.

Since this was the last training session within HPEP project, WEG will continue training
in informal way (e.g. mail, telephone conversations, etc.). WEG will assist AD in
development of Policy Brief to demonstrate their analytical skills and abilities of
MARKAL results analysis.

Tasks for the next session:
The following tasks were given to the AD:

» Correct Policy Brief with comments given at training session. Send corrected PB
to WEG

» Once WEG reviews PB it will send it back with additional comments and
corrections for further improvement.

WEG will conduct the following activities:

» Continue with the analysis of results, identification of data/assumptions’
limitations

» Discuss with the ministry staff the possible new scenarios that are of particular
interest for Ministry of Energy

> Input results of household survey conducted by AYPEG

» Continue the work on Reference scenario improvement
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5.0 APPENDIXII

Presentations

(Appended as a separate PDF file)
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6.0 APPENDIX I

GEORGIA POLICY BRIEF

Prepared by Analytical Department of the
Ministry of Energy of Georgia
As part of training in MARKAL Georgia use
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A. INTRODUCTION

This Policy Brief focuses on assessing the energy sector costs and benefits for the

entire energy system of meeting energy demand throughout 2036. It also considers

how meeting the targets impacts key issues facing energy sector decision-makers —

namely, how to foster energy security and diversification, and ensure competitiveness

and affordability, while taking into consideration climate mitigation and other
environmental issues, as part of promoting cost-effectiveness in energy planning.

The following supply and demand analysis has therefore been

undertaken:

1 Reference (or Business-as-Usual (BAU)) Development: The likely supply and
investment requirements to support the evolution of the national energy system
in the absence of policies and programs aimed at altering current trends. The
Reference scenario is fully discussed in Section B.

For convenience provided below is the energy unit and volume
conversion table

Table 1

PJ GCal KToe Mbta | KWh
PJ | 238800 24 948000 | 2778E05
GCal | 4.19E-06 | 0.0001 3968 | 1163
KToe| 0042 10000 I 39500 | 116.3E05
Mbtu| 1.0551E-06 | 0252 | 0.252E-04 | 295
KWh T 3 6E-09 0.00086 | 0.086E-06 | 3.4E-06 |

1m3 =35.3cf= 6.29 hbl
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B. GEORGIA BUSINESS-AS-USUAL ENERGY PATHWAY

To assess the impact of different policies and programs on the evolution of the
energy system in Georgia, a Reference scenario was developed, taking into
account specific characteristics of the national energy system, such as existing
technology stock, domestic resource availability and import options, and near-term
policy interventions. The Reference scenario is aligned with the government plans
of developing Georgia's abundant hydropower potential based on the Renewable
Energy 2008 Program as well as the strategy of positioning Georgia as electricity
hub in the region.

A key assumption underpinning the Reference scenario is that taking into
consideration the trends in recent years, the rate of economic development will
be about 5% annually that is considered as conservative; Natural gas will be
available at today's prices (corrected only for inflation) over the period until 2025
with subsequent transition to regional prices.

Under the Reference scenario, primary energy as well as final energy are
projected to increase significantly (by more than 85% and about 100%,
respectively) by 2036, mostly driven by tripled amount of Gross Domestic Product
(GDP) in the forecasted future. According to past trends in population growth,
future growth rate of the population is not assumed to be significant (on average,
0.28%). These factors result to almost doubling energy intensity in terms of per
capita consumption from 0.75 toe to 1.40 toe. Approximately 4.62% projected
growth rate of GDP will require expanding the electricity generation system from
3,3 GW to 5,8 GW and higher import levels, as well as growth in CO2
emissions. Besides, export potential of produced electricity in the country is also
taken into consideration. By almost doubling the power plant capacity, Georgia will
have in total more than six times higher export than the current level. As the GDP
growth rate is assumed to be more than final energy growth rate, final energy
intensity in terms of total consumed energy per GDP is going to be lower than the
current level (compare 0.27 toe/€000 GDP in 2012 to 0.18 toe/€000 GDP in 2036).
All above mentioned key indicators from the Reference scenario are shown in
Table 2 and summarized subsequently.

Table 2. Key Indicators for the Reference Scenario

Indicator 2012 2036 gzg‘ua' Ceiiin (R Overall Growth (%)
Primary Energy (Ktoe) 4143 7,678 2.60% 85.31%

Final Energy (Ktoe) 3.386 6,727 2.90% 98.68%

Power plant capacity

(MW) 3,300 5,780 2.36% 75.15%

Imports (Ktoe) 2,657 4,943 2.62% 86.07%

Exports (Ktoe) (45.41) (339.63) 8.75% 647.87%

CO; emissions (Kt) 6,370 12,533 2.86% 96.75%
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GDP ("Mill.) 12,323 36,447 4.62% 195.77%

Population (000s) 4,498 4,814 0.28% 7.03%

Final Energy intensity

(toe/"000 GDP)
0.27 0.18 -1.64% -32.83%

Final Energy intensity

(toe/Capita)
0.75 1.40 2.61% 85.62%

Primary energy consumption in 2036 is projected to be 7,678 ktoe, increasing
from 2012 levels by 85%. While growing GDP and increasing household energy
intensity are driving up energy demand, it is also important to note that energy
intensity per unit of economic output is much lower than observed in 2012 —
estimated to be 0.18 toe/€1000 GDP a reduction of around 33%. This is a
result of the continuation of current structural changes in the Georgian economy
and natural technological progress underway throughout the world.

Observed growth in primary energy does not lead to significant changes in supply
mix. As shown in Figure 1, primary energy supply more than doubles with
imported natural gas accounting for 38% of total supply. The growth in transport
demand is reflected in the increase in oil products (imported), although the share
in primary energy is similar. The contribution of renewable energy sources
(excluding biomass) to total primary energy increases from 15% to 20% over the
years 2012-2036. The biomass share drops from 17% to 14% in total primary
energy while it increases in absolute volume.

Figure 1. Primary Energy Supply

primary energy supply-2012/2024/2036
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Total final energy consumption grows by over 99% over the planning horizon, as
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shown in Figure 2, remaining proportionally similar with the exception of the
increasing role for gas and coal and introduction of biofuels. The share of gas,
electricity and biomass is very high in final energy consumption. It must be
noted that gas consumption in the period of 2012-2036 is increasing by 14%
compared to previous year. In 2036 compared to 2012 it is predicted that gas
consumption will be 2054 ktoe, i.e. 182% higher than in 2012. The mentioned
fact will partially cause the share of gas consumption in residential sector to
grow from 30% up to 53%, the increase is also deducted in other sectors.
According to the fact that gas is an imported fuel, the dependence of fuel import
in the country will also increase together with the increase of gas consumption.

Figure 2. Final Energy Consumption by Energy Type
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Gas Consumption: A more detailed view of gas consumption by sector is shown
in Figure below (Figure 3). It shows that because of gasification the majority of gas
is used in the residential sector. Electric (only) generating plants and commercial
sector also use large amounts of gas, but over the years Electric Generating plants’
gas consumption is decreasing, because it is planned to build more HPPs and
some gas fired power plants are going to be closed. In residential sector gas is
used primarily for space/water heating and cooking. Gas price is lower than other
fuel prices and it's the reason of gas consumption increase in transportation sector
(many people use gas for transportation). Use of Gas in transportation reduces
CO2 emissions relative to use of oil products in transportation sector.
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Figure 3. Gas Consumption by Sector and Power Plant Type
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On the next table there is shown gas consumption growth by sector.
Table 3 gas consumption growth by sector

Gas Consumption by Sector - Growth Rate
2015 2018 2021 2024 2027 2030 2033 2036

Agriculture 7% 11% 4% 4% 1% 1% 1% 1%
Commercial 12% 10% 7% 5% 4% 7% 6% 7%
Electric (only) 17% 0% -30% -53% 0% 0% 0% 0%
Generating Plants

Industrial 9% 9% 9% 8% 1% 1% 3% 3%
Residential 15% 27% 24% 19% 9% 11% 8% 10%
Transportation 68% 51% 37% 32% 23% 14% 13% 12%
Total 17% 13% 0% -2% 8% 9% 7% 8%

Energy consumption by sector is shown in Figure 4. It shows that majority of the
Final Energy is used in the residential and transportation sectors. The
contribution of transportation sector in energy sources during this period
increases from 26%-36% during 2012-2036 years and final energy consumption
in 2036 is projected to be 2,492 ktoe, increasing from 2012 levels by 178%. The
above-mentioned increase is caused by the transport sector due to the high
demand of fuel. The amount of fuel consumption is also high in residential sector,
although, its contribution drops from 38% to 33% during 2012-2036 years. It is
predicted that the increase of fuel by 100% will also be in the industry sector. This
fact is caused by activation of the role of the industrial sector in the economy of
the country, which will increase the demand on fuel.
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Figure 4. Final energy by sector
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Import: The majority of Georgia’s fossil fuels are imported. Demand for natural
gas and oil products increases import dependency, resulting in an almost
doubling of imports by 2036 (relative to 2012 levels). The high consumption of
gas in the end-use sectors reflects the critical need for energy diversification and
shows the vulnerability of economic and social development to external
factors, and thus is an important issue for sensitivity analysis. It is shown that
biomass import also increases and it means that renewable energy sources
substitute traditional fossil fuels and it closes country’s energy structure to EU
targets.

Figure 5. Imports by Type of Energy
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New power generation capacity additions in each three year are shown in table 3,
with the corresponding costs shown in Figure 5. Continued expansion of hydro
power is the most prevalent trend with a cumulative additional capacity of 2,570
MW by 2036. A number of ongoing construction projects are taken into account
as must build plants. This includes several hydro plants and a gas-fired power
plant, which come online in 2017. At 2030 coal-fired power plant is introduced
with 160 MW capacity. Wind also makes some contribution by the end of the
planning horizon adding 90 MW to the country’s electricity capacity at 2036.
Capacity additions and the retirement of old power plants results in 5,780 MW of
total installed generation capacity in place in 2036. These results are based on
the available data, which needs to be specified, especially import - export prices
and Investment Costs of New Power Plants (more detailed information is given in
the Annex 1).

Table 4.Additional Power Plant Capacity by Fuel Type (MW)

Total Total
Plant Type Installed | 2018 | 2021 | 2024 | 2027 | 2030 | 2033 | 2036 | Additional
2015 Capacity
Coal-fired 160 160
Gas-fired 680 230 230
Hydroelectric | 3,464 | 547 | 1,185 | 464 62 |128 |19 |2570
Renewable
and Other 90 90
Total New | 9,0 1777 | 1185|464 |0 222 | 128 | 109 |3,050
Capacity
Z"ag;':its;a"ed 4% 16% | 19% |7% | 0% |3% |2% |2% |43%

Total electric generation at 2036 reaches 15 604 MWh. Generation from the point
of view of fuel is given in Table 4. The highest rate has hydropower generation, but
gas has significant role in electricity generation: decreasing from 2 472 MWh to 2
160 MWh in 2021 and beginning from 2024 keeps constant level of 1 272 MWh.
From 2030 the 692 MWh coal-fired power plant is introduced. It is notable, that at
the end of the reporting period the wind power adds the additional 196 MWh to the
total generation.

Table 5. Electric generation by fuel type (MWh)

Plant Type 2012 | 2015 | 2018 | 2021 | 2024 |2027 |2030 |2033 | 2036
Coal-fired 0 0 0 0 0 0 692 692 692
Gas-fired 2477 | 2472 | 2472 | 2160 | 1272 | 1272 | 1272 | 1272 | 1272
Hydroelectric 7220 | 7881 | 10384 | 14327 | 15908 | 16134 | 16523 | 17144 | 17394
Renewable and Other | 0 0 0 0 0 0 0 0 196
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Total 9783 | 10550 | 11348 | 12068 | 12914 | 13639 | 14249 | 14986 | 15604
Electricity exports -528 | -405 | -1594 | -4418 | -4330 | -4073 | -4238 | -4123 | -3950
Electricity imports 615 | 601 87 0 63 306 0 0 0

Despite of the new generation capacities, the country electric system still needs
imported electricity and its amount varies from 615 MWh (in 2012) to 306 MWh
(2027). From 2027 until the end of the reporting period there is no need to import,
because of the additional capacity from the coal-fired and wind power plants.

Electricity export

As for the export (Table 5.) the major exporter country is Turkey, with constantly
increased export capacity reaching 2244 GWh at 2036 that is about 57% of the
total export. Russia could be considered as the other notable exporter, where the
highest level of export is reached in 2024 and decreases to 1025 GWh at the end
of the period. Armenia and Azerbaijan could be seen as an equal potential, varying
in rank 97 - 718 GWh. The total export capacity increases to 4418 GWh in 2021
and from this peak point goes down to 3950 GWh in 2036.

Table 6. Export (GWh)

Country 2012 2015 2018 2021 2024 2027 2030 2033 2036
Armenia -97 -170 | -499 |-402 |-487 |-438 |-353 |-341
Azerbaijan -97 -170 | -718 |-475 |-475 |-353 |-380 |-341
Russia -528 | -210 |-349 |-1333 |-1466 |-1343 |-1208 |-1319 | -1025
Turkey -904 | -1868 | -1988 | -1769 | -2239 | -2071 | -2244
Total -528 | -405 |-1594 | -4418 | -4330 | -4073 | -4238 | -4123 | -3950

Figure 6. Total Investment Cost of New Power Plants
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Growth in the energy system will require significant levels of new
investment, for both the power sector and demand devices, and increased
payments for fuel. Most of the investment goes to Hydroelectric Power plants
(Country uses its own energy sources, which strengthens energy security and
independence of the country, also it helps Georgia to get closer to EU targets).

Annual Energy System Expenditure (M€)
2012 | 2015 | 2018 | 2021 | 2024 | 2027 | 2030 | 2033 | 2036
Fuel Supply Costs u71f 1390 1681 1729 1955  2197| 2368|  2563| 2780
Delivery Costs (All Sectors) 406| 480 561 619] 69| 776 84| 93| 1018
O&M Costs (Demand) 362 409 477|545 626|706 763|824 890
O&M Costs (Power) 313] 37| 33| 97| 415 40| 468 45| 520
Annualized Investment (Demand) 0| 630| 1373] 2123| 2942 3559 3852 4174|4507
Annualized Investment (Power) 0 Bl 81 01| 242 M2 269 25| 308
Total 2252| 3261| 4547| 5615| 6875| 7921| 8574| 9285(10043

Table 7. Annual Energy System
Expenditure (M€)

There is a growth in energy system expenditures. Table below shows the growth
in expenditure for fuel (extraction, import, and sector differential charges),
operating and maintenance (O&M) costs (fixed and variables), investments in
new power plants, and the purchase of new end-use devices. The investment
expenditures for new power plants and devices are incurred as demand rises
and existing power plants and devices reach the end of their operational
lifetimes.

Under the Reference scenario assumptions, 3,050 MW of new generation
capacity is needed by 2036, requiring a total investment of 4,277€ million, which
translates to average annual payments on the order of 508€ million by 2036.
Fuel supply costs will also increase significantly, driven by growing demand and
increasing prices, from 1171€ million per year today to 2,780€ million in 2036.
This will have a significant impact on country’s foreign trade balance.
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Annex 1 - Additional Power Plant Capacity by Fuel Type (MW)

Plant Type 2015 | 2018 | 2021 | 2024 | 2030 | 2033 | 2036 | Total
Coal-fired !_ignite Coal Powgr Plant, 160 160
improved, centralized
Total 160 160
Gardabani TPP (natural
Gas-fired Gas Combined Cycle 230 230
Power Plant
Total 230 230
Hydroelectric Dariali 108 108
KHobil 46.5 47
Khobi2 39.5 40
Minor HPP (less than 15
MW) 21 35 355.6 412
Minor HPP (more than 15 287 |1.064 | 1085 1,460
MW)
Mtkvari 46 46
Nenskra 62.3 |128.4|19.3 | 210
New HPP (in operation
since 2013) 164 164
Pharavani 85 85
Total 164 | 547 |1,185 |464.1|62.3 |128.4|19.3 | 2,570
Renewable and | Power plant, wind large 90 90
Other farms.06.centralised - Cho
Total 90 90
Total 164 | 777 |1,185 |464.1|222.3|128.4|109.3 | 3,050
HYDRO POWER AND ENERGY PLANNING PROJECT (HPEP) 43



http://www.usaid.gov/

7.0 APPENDIX IV

CORRECTIONS AND INPUTS MADE TO MARKAL MODEL USING THE HOUSEHOLD
ENERGY END-USE SURVEY DATA

The following data inputs were corrected based on the household survey information
provided by HPEP project:

ENERGY

1. The number of households (previously model contained old data from 2006);

2. Distribution of households by dwelling types;

3. Number of persons per household was adjusted to a new value of 3.8 to match
the number of population in 2012 according to GEOSTAT;

4. Shares of households with cooling per dwelling type were inputted;

5. Evolution of household shares per dwelling type was adjusted based on historical
trends from GEOSTAT (urbanization);

6. Availability factor of Paravani WPP was changed according to data from MoE;

7. Reworked the number of households owning washing machines. Calculated and
inputted electricity consumption by appliances (bottom up approach);

8. Calculated and inputted number of households with dish washing machines
(1.65%) and corresponding consumption of electricity;

9. Calculated and inputted number of drying machines (0.55%) and corresponding
electricity consumption;

10.Number of households using electricity for cooking and corresponding electricity
consumption were calculated and inputted;

11.Number of households with refrigerators and corresponding electricity
consumption were calculated and inputted;

12.Number of households with lighting technologies and corresponding electricity
consumption were calculated and inputted. These numbers were verified using
average number of bulbs, average hours used, etc. as per consumer answers;

13. Calculated the share of households prepared to implement energy efficiency
measures: energy efficient bulbs, high energy efficiency devices, house insulation,
PVC windows, solar heaters, central heating;

14.Shares of households planning to arrange central heating were considered in
dwelling allocation evolution (transfer from urban single house with local heating to
central heating);

15.Number of households using cooling appliances were calculated and inputted as
well as corresponding electricity consumption for cooling (different types of
technologies with corresponding shares were considered);
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16.The numbers of households using cooling per dwelling types and corresponding
electricity consumption were calculated and inputted,;

17.Average heat content factor for wood was calculated and inputted considering
types of wood fuel used, density, water content, etc. Based on the survey data
and wood expert Koba Chiburtanidze;

18. Calculated and inputted the number of households using electricity for water
heating and the corresponding electricity consumption;

19. Calculated and inputted the shares by dwelling types that use electricity for water
heating;

20. Calculated and inputted number of households that use electricity for space
heating and corresponding electricity consumption;

21.Calculated and inputted shares by dwelling types that use electricity for space
heating;

22.A share of households per dwelling type planning to implement thermal insulation
of house was inputted to user constraint template;

23.Share of households planning to use high energy class appliances was
considered in user constraint template;

24.The statistical difference between total electricity consumption and the sum of
electricity consumption by useful energy types, was added to other electricity use;

25. Calculated the share of households planning to use energy efficient lighting
technologies;

26.Inputted penetration rates (calculated form AYPEG data) in Demand Projections
file for refrigerators, washing machines and cooling;

27.Reduced penetration of dish washing machines and dryers;

28.Inputted penetration ratio for cooling per dwelling type (based on calculations from
STATA);

29.Estimated average consumption of wood for heating, water heating and cooking
(from STATA);

30. Calculated the number of households, using wood for heating (STATA), estimated
wood consumption for heating and inputted into the model;

31.Calculated and inputted the shares of dwellings using wood for heating (STATA).
Share of dwellings with central heating was very small and was added to “Urban
Local”, since in the model bio technology does not exist in dwelling with central
heating;

32.Calculated the number of households, using wood for water heating (STATA),
estimated the wood use for water heating and inputted into the model;

33. Calculated the number of households using wood for cooking (STATA), estimated
and inputted wood consumption for cooking;

34.Calculated the number of households using gas for space heating (STATA),

estimated and inputted their gas consumption;
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35. Calculated shares of dwellings that use gas for space heating (STATA) and
inputted it;

36. Calculated the number of households that use gas for water heating (STATA)
estimated and inputted its corresponding consumption;

37.Calculated and inputted the shares of dwellings that use gas for water heating
(STATA);

38.Calculated the number of households that use gas for cooking (STATA),
estimated and inputted their gas consumption;

39. Calculated the average consumption of LPG in cooking separately and cooking
and water heating together (STATA). Estimated the amount of energy that goes to
solely water heating (difference in averages);

40. Calculated the number of households that use LPG for cooking (STATA),
estimated and inputted consumption of LPG for cooking;

41.Calculated and inputted the number of households that use LPG for water heating
(STATA), estimated consumption of LPG for water heating;

42.Calculated and inputted the share by dwellings of those who use LPG for water
heating;

43.Corrected purpose of RSDSOL that now goes to solely water heating (the most
common technology that uses solar);

44.Estimated number of households that use solar water heater by dwelling types
and inputted it;

45.Estimated solar energy consumed in residential and inputted it.

TECHNOLOGIES (DEVICEYS)

46.Calculated the shares of households that use inefficient wood stoves (28%
average efficiency) more efficient (Svanetian) wood stoves with average 47%, and
the most efficient (80%) stoves. Derived and inputted the average efficiency for
wood stoves in 2012. (estimation based on prices of technologies: inefficient cost
<100 GEL, Efficient >100GEL and the most efficient >300 GEL);

47.Removed the technologies fueled by wood from “House Urban central”, since
such dwellings use the wood only in fireplaces;

48. Corrected other technologies that are not used in the common types of dwellings
(LPG heating stove, Electricity furnace H+W, solar water heaters for “Urban Local”
and “Urban Central”, central cooling systems, etc.);

49. Calculated the number of households per dwelling that use cooling technologies
and split systems and inputted corresponding “shtech” shares per each type of
dwelling;

50.Added Solar water heater to the list of technologies for Apartments;

51.Added LED lighting technology to set of lighting technologies for base year;
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52.Inputted “shtech” shares for heating with wood for all types of dwellings;

53.Inputted “shtech” shares for heating with electricity and corresponding efficiency
for technologies for all types of dwellings;

54.Inputted “shtech” shares for heating with gas and corresponding efficiency for
technologies (based on shares of technologies used and their technical
parameters) for all types of dwellings;

55. Inputted the total surface area and load factor for all types of dwellings. Data
calculated using STATA;

56.Added central heating technology fueled by gas to rural house, since according to
the survey results approximately 9% use this technology;

57.Estimated efficiency of cooking technologies and inputted;

58.Inputted “shtech” shares for lighting technologies. There was no question on
halogen lighting in the questionnaire and the share of halogen lighting was
assumed to be 5%;

59. Inputted “shtech” shares for refrigerators and freezers;

60. Inputted “shtech” shares for all water heating technologies and dwelling types;
Inputted efficiency of water heating technologies, considering the types of
technologies used and their shares.

TRANSPORT SECTOR

61.Calculated from STATA the number of vehicles by vehicles types and by fuel
types;

62.Calculated average consumption of fuel per 100 km (from STATA) by vehicle
types and by fuel,

63. Calculated (from STATA) the consumption of fuel per month by fuel and vehicle
type;

64.Estimated kilometers travelled by vehicle types using the information above;

65. Calculated (from STATA) vehicle load factor (passengers and load) per vehicle
type;

66. Calculated the shares of vehicles converted to CNG by vehicle type;

67.Calculated the number of vehicles (per vehicle type) with the age of above 20
years, 15-20 years, 10-15 years and less than 10 years. This data can be used
while setting lifetime of vehicles and estimating the shares of those to be replaced.
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content

* Description of data collection analysis and
planning system for planning

» Description of functions of the participants
and their interactions.

Note: The suggested scheme describes the functions
that can be allocated as needed
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,, Statisticians®

* Data collection from various agencies
— Energy Information, consumption
— Economic Information
* Data validation and statistical analysis in
accordance with the model input data

* Further details of the data for periodic
updates and improvements
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Model analysts are responsible for

* Data collection, interpretation and translation
into model inputs

* Data Quality Control and Improvement

* Upgrading the model and updating the input
data.
— Modern technology parameters
— System changes
— New data and statistics

* New concepts for modeling
* Quality control of the results
* Preparation of technical reports
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Responsibilities of Policy Analysts

* Quality control of model and it’s results

* interpretation of existing policies, priorities and
constraints for the model.

* preparation of scenarios and questions for the model

* Interpretation of the model results and preparation of
improvement proposals

* Preparation of policy documents based on model results.
* Working with existing policy documents and reports.
* Keeping track of Energy and technology trends

* Communication and cooperation with other partner
agencies and colleagues
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Politicians’ functions
* Organizing the analysis and planning system

» Setting priorities and the boundary conditions
(time horizon, political restrictions, etc.).

* Defining the key decision parameters (KPlIs) and
their priorities.

* Giving tasks and questions to analysts

* Reviewing the recommendations, properly
interpreting and taking them into consideration.

* Decision-making on the basis of policy analysis
and other policy documents (no decision is also a
decision!)
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Analysis and Planning System

* Planningis an iterative process, different options are being
verified and specified before and after preparing the final
version of the strategy.

¢ United interdependent system

— If any group or a link is not functioning properly, the
system and its components can not be developed

— all participants and connections must be developed
together.
— Setting up and maintenance of each function and
procedure is needed.
Only under such conditions the comprehensive energy
strategy can be formulated
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What the Model Is Not
(Keep in mind)
* Oracle and forecaster
* Decision provider
* Final product

— At each stage the model reflects current information
and views

— There is always room for refinement, improvements
are stmulated by new questions and cases

Model only provides better systemic view of reality
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What the Model Is

* Basis for planning functionality development
* Analytic instrument in continuous refinement
* Repository of current knowledge and data

e Reference and communication means between
analysts and policy makers

* Means for consensus building

At each stage the model should reflect current best
knowledge and information



8/13/2014

HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)

=" USAID

- & FROM THE AMERICAN PEOPLE

From Model to Planning

Economic benefit is not the only criterion

* Energy security — security risks

* Environmental considerations

* Political visions and priorities

* Regional development

* Social considerations (e.g. gasification & fuel

wood)
* etc
* Externalities should be incorporated in decision
making
= USA\D |HYDRO POWER AND ENERGY
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From Model to Planning

* Scenarios
— Asking policy questions

— Agreement on boundary conditions, constraints and main
assumptions

* From Scenarios to Decisions
— Agreement on decision criteria
— Comparison of different scenarios through multiple criteria
— Final decision that may differ from scenarios
— New scenario runs
* From decision to plan
— Planning for policies
— Financial planning
— Organizational planning
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Economic and financial
basics of energy planning

What does MARKAL optimize?

WEDNESDAY, 19 MACH, 2014
Murman Margvelashvili
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Content

* Time value of money, discounted cash flow, annuity,

NPV, IRR
* MARKAL objective function and its compounds

* Levelized cost — comparing prices of different

technologies

8/14/2014
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The Time Value of Money

How to compare $1 million now to
S1 million 10 years from now?
People much prefer the money now!

There is an inherent monetary value
attached to time.

A dollar received today is worth more than a dollar

received tomorrow
This is because a dollar received today can be invested to earn
interest
There is also a perceived risk of not getting the same money in
future

Time value of money quantifies the value of a dollar

through time

HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)
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Interest rate
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— Compound interest
CX(14r)  CX(1+r) X (1+r), C X (1+4r) X (1+r) X (1+r)

FV,= CX (1+r)

— Present value of a lump sum:
PV =C,/ (14r)t OR PV =FV,/ (1+r)

— Present value of a cash flow stream: —
ere:

- r = interest rate or rate of return
" -t =time period
PV=X [CF / (1+|’)t] - n = number of time periods
t -
t=0 - CF = Cash flow
- PV = present value
- FV = future value

% U S AI D HYDRO POWER AND ENERGY
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Present Value and Future Value

* Present value calculations determine what the value
of a cash flow received in the future would be worth
today (time 0)

* Process of finding a present value - - “discounting”
* The interest rate used to discount cash flows -
discount rate

* Future value determines the amount that a sum of
money invested today will grow to in a given period
of time

* “compounding” adding interest to base value and
interest
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Present Value of a Cash Flow Stream

* The PV of the cash flow stream is equal to the sum of the
present values of each of the individual cash flows in the
stream.

* The PV of a cash flow stream can also be found by taking the
FV of the cash flow stream and discounting the lump sum at
the appropriate discount rate for the appropriate number of
periods.

fl!zg;" USAI D HYDRO POWER AND ENERGY
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Annuities

* An annuity is a cash flow stream in which the cash
flows are all equal and occur at regular intervals.

* Note that annuities can be a fixed amount, an
amount that grows at a constant rate over time, or
an amount that grows at various rates of growth over
time. We will focus on fixed amounts.

8/14/2014
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Net Present Value (NPV)

Benefits T 85,558
) 76,290 ’ [
! |

81,630

87,344 ‘—‘ |

93,458 7 ! |
PV/(B) = 424,280 I 20,000

100,000 100,000 100,000 100,000 100,000

‘ [

NPV = b1
Z1+r Z(1+r)t o s s b

|
- 111111

325,000 20.000 20,000 20,000 20,000 20,000
| |
|

Costs

® 14.260
PV(C) = 407,004
NPV =17276

e USA\ID |HYDRO POWER AND ENERGY
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NPV - Decision

* NPV depends on the required rate of return
» [f the NPV is positive, accept the project

* A positive NPV means that the project is
expected to add value

* NPV is a measure of how well this project will
meet this goal.
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Internal rate of return (IRR)

¢ Definition: IRR is the return that makes the NPV =0

* Decision Rule: Accept the project if the IRR is greater
than the required return

NPV
YEAR
0 1 2 NPV Discount rate
Cash flows -120 | 5.0 10.0
-12.0 | 45 9.1 1.6 10%
-12.0 | 43 8.7 1.0 15%
-12.0 | 4.0 8.0 0.0 25%
-12.0 | 25 5.0 -4.5 100%
-120 | 1.0 2.0 -9.0 400% >
25 Discount Rate
x (% p.a.)

=
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MARKAL objective function: total system cost

The MARKAL objective is to minimize the total cost of the
system, discounted over the planning horizon. Each year,
the total cost includes the following elements:

= Annualized investments in technologies

= Fixed and variable annual Operation and Maintenance
(O&M) costs of technologies;

= Cost of energy and material imports and domestic
resource production (e.g., mining);

= Revenue from energy and material exports;
= Fuel and material delivery costs;

= Taxes and subsidies associated with energy sources,
technologies, and emissions.
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Levelized cost

Levelized Energy Cost — the price at which electricity must be generated from a specific
source to break even over the project lifetime.
Cost of the energy-generating system including: initial investment, operations and
maintenance, cost of fuel, cost of capital.
n L+ M+ F
=1 (1+7)t
E
n t
Lia 1+

LEC =

where

e LEC-levelized energy cost

¢ lt- Investment expenditures in the year t

* Mt Operations and maintenance expenditures in the year t
*  Ft- Fuel expenditures in the year t

e Et- Electricity generation in the year t

* r- Discount rate

¢ n- Life of the system

Useful in calculating the costs of generation from different sources

HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)
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Levelized cost of Energy

Solar PV = Crystalline®
Solar PV — Thin-Film
Solar Thermal®
ALTERNATIVE Fuel Cell
ENERGY
Biomass Diret

Geothermal

Wind

Energy Effidenc | 80

s @ ste0 5196

sg7
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50
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MARKAL Objective function

R i1=NPER

NPr =Y (1+d) R0 o ANNCOST(r.0)o[1+ 1+ ) + (14 )+ + (14 d) V55 )
r=1 =1

where:

NPV is the net present value of the total cost for all regions (the MARKAL objective

function)

ANNCOST(r,1) 1s the annual cost in region » for period ¢, discussed below

d is the general discount rate

NPER is the number of periods in the planning horizon

NYRS is the number of vears in each period ¢

R is the number or regions

In each period, the investment costs are annualized, before being added to
other (annual) costs to obtain the full annual cost in each period. MARKAL then
computes a net present value of all annual costs, discounted to a user selected
reference year. This quantity is minimized by the model to compute the
equilibrium.

HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)
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Economic Optimum vs Reality

* Optimum depends on assumptions
 Sensitivity tests — assess the cost of deviations

* Not all decision factors can be easily
monetized
— Energy security
— Political visions and priorities
— Environmental and social considerations

* Externalities to be incorporated in decision
making
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Energy Demand
Projection/Forecasting

WEDNESDAY, 26 MACH, 2014
Giorgi Mukhigulishvili
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Content

= Demand projection/forecasting models and techniques
= Demand forecasting based on econometric models

= Demand drivers by sector and their relative importance
= Demand elasticity for sectors and subsectors

= Review of elasticity in MARKAL

8/13/2014
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Projection vs. Forecasting

8/13/2014 3
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Why do we need energy demand projection/forecast?

It allows:
* Sellers to plan and develop the appropriate capacity

* Buyers to pick the appropriate mix of appliances to

minimize costs
* Government to make policy plans

* Financial institutions to pick the projects to back and

those to reject

8/13/2014 4



8/13/2014

5.?>m B USAI D HYDRO POWER AND ENERGY
% v"F romhe american reore | PLANNING PROJECT (HPEP)

Demand Projection/Forecasting Techniques

Historical trends

Univariate time series

Multivariate time series

Econometric models

Optimization

8/13/2014 5
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Historical trends

* Constant growth rate - Exponential growth rate
0, =(1+71)0,_, =) ( —rtQ,

* Simplest and longest-used tools for forecasting
» Effective in the short run with a business-as-usual scenario

r

~fate of growth
Time

8/13/2014



?"ff“% Us A| D HYDRO POWER AND ENERGY
:‘Lmv" romhe american reore | PLANNING PROJECT (HPEP)

Univariate time series

* More sophisticated technique of historical extrapolation
* Current value of an energy variable is a function of past values
* Good for shot-term forecasts

* Does not allow policy analysis

n

Xt = Z aiXt_i + Et

i=1

N

o \"' USAI D HYDRO POWER AND ENERGY
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%,
i)

Univariate time series - Exponential Smoothing

* Include all past observations

* Weight recent observations much more heavily than
very old observations:

O<ax<l
weight
Decreasing weight given a
to older observations
a(l-a)

a(l-a)
il )

11 .

today .

8/13/2014
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Univariate time series - Exponential Smoothing

F. =aD,+a(l—-a)D, , +a(l—a)°D, , +---
F,=abD,+(1—-a)F

* Thus, new forecast is weighted sum of old forecast and actual
demand
* Notes:

— Only 2 values (D, and F,; ) are required, compared with n for moving
average

— Parameter a determined empirically (whatever works best)
— Rule of thumb: a< 0.5
— Typically, o =0.2 or o = 0.3 work well

:'/m" USAI D HYDRO POWER AND ENERGY
L\ __-:, erom He aerican peore | PLANNING PROJECT (HPEP)

Multivariate time series

Qd = + azP + a3Pd + a4Y + a5Yt_1 + &
Qg4 - quantity purchased
P — Price of gasoline
Y;_1 - income lagged

P, - Price of diesel

Need lot of data over a consistent time period

8/13/2014 10
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Econometric Models

More attention is paid to the model and variables

In case of short time series — use cross-section time series
Good for forecasting turning points and for policy analysis
Require forecast of exogenous variables

Examples of the econometric models

lnGﬂ =4 +p lnPJ, + /5, lnYﬁ + /5, lﬂP,r lnYJ, te; g,

~
H

a+BX +BX + WP + o7 )+,

i

Y

"

1]

a+ X )+ WinP )+ ¢In(Z )+,

8/13/2014 I'Hf}’") =u+f .’H(X”) + J'N{P”) +¢ IH[Z”) +u, 11
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Optimization Models

MARKAL, TIMES, MESSAGE, MAED, WASP

Identify the socio-economic activities that “drive” the consumption
of energy.

Organize structure of energy consumption into a hierarchical “tree”.
Example: Sectors, Subsectors, End-Uses, Fuels/Device

Typically, specify overall activity levels at top of tree.

Example: total number of households, industrial value added, etc.

Disaggregate total activities down to lower levels of the tree. (e.g.
30% of households are urban, and of these 45% have refrigerators).

At lowest levels in tree, specify the fuels consumed by each device
and assign an annual energy intensity (e.g. 10 GJ/household for
cooking with LPG stoves).

X .

8/13/2014
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Energy demand drivers

* GDP structure and its growth rate;

* Population growth rate, households;

* GDP/capita;

* Energy Prices;

* Technology change/development;

* Country energy, environmental and economic policy;

e others...

13
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Demand Elasticity

* Elasticity is a ratio of the percentage change in one variable to
the percentage change in another variable, when the latter
variable has a causal influence on the former.

%AQ
%AP

* Elasticity vs. intensity

__ Energy (kWh)
~ GDP (USD)

8/13/2014 14
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Energy Demand Projections in MARKAL

Elasticity of energy demand in 5 economic sectors: Industry, Agriculture,
Commercial, Transport, Residential with respect to their own demand
drivers.

fyesws | ooz 2015 ao1s| 20| 2028 2027|2030 2033 2036
12,323 14,263 16,987 19,665 22,765 25,607 28,805 32,401 36,447
500% 6.00% 5.00% 5.00% 4.00% 4.00% 4.00% 4.00%
4,498 4,467 4534 4,602 4,672 4,707 4,742 4,778 4,814
0.50% 0.50% 0.50% 0.50% 0.25% 0.25% 0.25% 0.25%
447% 5.47% 4.48% 4.48% 3.74% 3.74% 3.74% 3.74%

Number of persons
per household 3.75 3.69 3.63 3.58 3.53 3.47 3.42 3.37 3.32

8/13/2014 15
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Review of elasticity in MARKAL

[ | o012] 2015] 2018] 2021] 2024] 2027] 2030 2033| 2036/
0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

Commercial large and 1 1 0.8 0.7 0.6 0.5 0.5 0.5
small cooling

Commercial cooking 0.5 0.8 1.0 0.9 0.7 0.4 0.4 0.3 0.3

0.4 0.6 0.5 0.5 0.5 0.5 0.5 0.5
water heating 0.4
water heating 0.7 0.7 0.6 0.5 0.5 0.5 0.5 0.5 0.5

0.6 0.6 0.5 0.4 0.4 0.4 0.4 0.4
space heating 0.6

0.7 0.6 0.6 0.5 0.5 0.5 0.5 0.5
space heating 0.7

Commercial Lightning 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

0.8 0.8 0.7 0.6 0.5 0.5 0.5 0.5
Electricity

0.5 0.5 0.5 0.4 0.4 0.3 0.3 0.3

Lighting

Commercial Fridges 1.0 1.0 1.0 0.7 0.5 0.4 0.3 0.3

and Freezers

Industry all subsectors 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
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Review of elasticity in MARKAL
1 o01s] 2018|2021 2024 2027| 2030] 2033 2036

Residential Apartments heating—

Urban(elasticity with GDP/POP) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Residential Single House - Urban — Central

heating elasticity with GDP/POP) 0 0 0 0 0 0 0 0
Residential Single House - Urban — Local

heating elasticity with GDP/POP) 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Residential Single House - Rural -

Localheating elasticity with GDP/POP) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Residential water heating Apartments —

Urban 1.0 1.0 1.0 0.8 0.6 0.4 0.2 0.1
Residential water heating Single House -

Urban — Central 1.0 1.0 1.0 0.8 0.6 0.4 0.2 0.1
Residential space cooling Apartments — 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Urban

Residential cooking 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Residential Cloth Drying 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Residential Dish Washing 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Residential Lightning 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Residential Fridges and Freezers 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Residential Cloth Washing 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

USAI D HYDRO POWER AND ENERGY
wor e avierican eorie | PLANNING PROJECT (HPEP)

The End

g.mukhigulishvili@weg.ge
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Electricity Load Projection and
System Planning

MURMAN MARGVELASHVILI

WEDNESDAY 2 APRIL 2014
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* Balance between demand and generation —
Generation equals net demand at all times

* Variability of demand should be followed by

variability of supply (generation+import-export)

* Factors
— Regular consumption patterns
— Unplanned variations of demand (Football case)
— Variability of renewable sources
— Generation outages

8/13/2014
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Power System Dispatch
Base Load vs.Peaking Load

i Generation

J FROM THE AMERICAN PEOPLE

Typical Daily System
Demand (Load) Profile

Peak Period

Priority

Shoulder Peak |  Peak

HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)

System Load Curve in MARKAL

1600 -
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1400
1200 mm Residential
1000 s Transport
800 1 . Commercial
— TED
600
. ndustry
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Simple load projection approach

LC =
LC XG,+LCXG +LC XG,+LC XG +LC, ;XG,+LC, XG,,

LC, ...+t - l0ad curves for various sectors

G cater - 8rowth factors of corresponding
sectors

HYDRO POWER AND ENERGY
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Analyzing Load Curves

Summer Day 1200

200
,_\,———/\J/A 1000 -
000 \
v e S
\J Sunday ——Fall week
600 e Friday 600 day 10.10
400 400 —Sumlinder
Weekend Effect? Cooling Load ? week day
200 200
ot
1234567 89101112131415161718192021222324 0

1 3 5 7 9 11 13 15 17 19 21 23
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Annual Peak Day 01.02.2012

1600

1400

7 A

800

Demand (MW)

600

400

200

1 4 7 10 13 16 19 22
Time of day
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Actual Load is Hard to Predict

England Vs Germany 1990, World Cup Semi-Final, Kick Off 19:00

GW 1600 MW
30 Half time 2800 MW
Following penalty shoot-out
29 | and end of TV transmission
300 MW \
End of
2 Extra time
27
26
25
1 1 i T T 1 T 1
19:05 19:35 20:05 20:35 21:05 21:35 22:05 22:35 23:05

TIME

8/13/2014
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PUMPED STORAGE HYDAO
AVAILABLE PUMP M"m/\

POWER DEMAND

MODERN EFFICIENT THERMAL PLANT
ON BASE LOAD OPERATION

r T T T T T T T 1
o k] 8 ® 12 15 " El 24
MIONIGHT NOON MIDNIGHT
TIME OF DAY (howrs)

Load curves for Typical slectricity orid

o S oy P
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Nuclear PP
Coal PP - base

Thermal Condensing
cycle- base

Thermal Combined cycle
- base

Thermal gas turbine -
peaking

HPP — Base/peaking
Wind - intermittent

http://www.world-nuclear.org/

System Reserve

System reliability 99%? 99,9%, 99,99%
Generation reserve — transmission reserve

Factors of risk

— Outages of units and lines
— Deviations of demand

— Hydrology deviations

Spinning reserve
Cold reserve

8/13/2014
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Reliability of Power Units

* Forced and Planned outages
* Forced outage rate (FOR)

FOR = FOH/(FOH+SH)x100 %

— FOH = forced outage hours - 0d99930m0 353mOG™M30L
{8RYe 7gteto)

— SH = service hours (planned outages subtracted) 32)dsmdol
155900 (LEOMYIMBEM LEsMYOOU Fodm I gdom)

Equivalent forced outage rate (EFOR)
FOH + EFDH
EFOR = x 100 %
FOH + SH + EFDH
* EFDH = equivalent forced derated hours=
output reductions x forced reduction hours

HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)
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Svstems of Coal Fired PP

SUPERHEATER

PRECIPITATOR

=

STEAM
DRUM

w N
REHEATER x |

BOILER ) )
BUNKER T romm | 1D FAN STACK

— —— 7 ECONOMISER

LPTURBINE

2y GENERATOR
A\l o
‘
k l / ‘ HPTURBINE _@ =
-1 I —1- & A 1P TURBINE ___, wm,, L
</ PAFAN FOFAN>20) C()NDEN$ER
PULVERISING MILL U TRANSFORMER

Layout of a Pulverized Fuel Power Plant
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Probability that exactly
m of n units are in operation
nl
P(M=m| n, R) = ---------———- R™(1-R)"-m
m! (n-m)!

n = number of units in the system
nl=1x2x3x..xn

m = number of units in operation
Mml=1x2x3x..xm

R = reliability of an unit

"“jf“‘-‘%* USA' D HYDRO POWER AND ENERGY
WIS mom e avenicanrecrie. | PLANNING PROJECT (HPEP)

Probability that at least
m of n units are in operation

P(M=m]| n, R) = >------------- RM(1-R)mm
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SYSTEM RELIABILITY R
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—_ [0)
@R, =95%
Number of units n 3 4 5 10 20 100
Units in operation
n 0.8574 0.8145 0.7738 0.5987 0.3585 0.0059
n-1 0.9928 09859 0.9774 0.9139 0.7358 0.0371
n-2 0.9999 0.9995 0.9988 0.9885 0.9245 0.1183
n-3 0.9999 0.9999 0.9989 0.9841 0.2578
n-4 0.9999 0.9974 0.4360
n-5 0.9997 0.6160
n-6 0.9999 0.7660
n-7 0.8720
n-13 0.9995
n-15 0.9999

http://www.optimalpowersystems.com/

HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)
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Reserve Margin

Capacity-Peak load 1-R
RM = =
Peak load R

R= System Reliability

System Reserve need 99,9%

3x100 % 200 %
4 x50 % 100 %
5x33% 67 %
13x10% 30 %
25x5% 25%
113x1% 13 %


http://www.optimalpowersystems.com/
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* Reserve requirements with one large and several
small units

RR = 3((1-R) X P,) + Py
RR =reserve requirement
P = largest unit in the system
R = reliability of the other units
P. = output of unit |

N-1 criterion

HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)
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e System reliability variation

uah ®
00 00000

Shoulder @ rewne
00 00000

Peak
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* Power system needs less reserves, if the number of units (n) will
grow and the reliability of units (R) increases

*  System with 100 units needs 10 — 20 % reserves when the reliability
of units varies from 92 to 97 %

* Reserve needs become lower by planning systems with smaller and
more reliable units

* Largest unit determines the need of reserve capacity, if the unit
sizes are unevenly distributed

* The modern electronic age requires higher system reliability figures
because everything depends on computers

g,

7= LJSAID |HYDRO POWER AND ENERGY

"-Wuf FROM THE AMERICAN PEOPLE PLANNING PROJECT (HPEP)

Tasks:

— Analyze one actual winter and one summer day

— Assess and classify available reserve margin in Georgia
in summer and winter

— Calculate the system reliability at night, shoulder and
peak in previous example

— Visit Dispatch Center
— Investigate Annual peak of 01.Feb.2012
— Startup times of Various generators

8/13/2014
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Energy Balance

THURSDAY, 10 APRIL, 2014
Giorgi Mukhigulishvili

m USA' D |HYDRO POWER AND ENERGY

. o e avencan reons | PLANNING PROJECT (HPEP)

Content

* Composition of energy balance, structure, data organization

* Overview of Georgia’s energy balance — from

MARKAL/Georgia model

* Analysis of Georgia’s energy balance — Energy security,

renewables’ share, losses etc.

8/13/2014

8/13/2014
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What is Energy Balance?

Energy supply = Energy consumption

Cc ..pti‘ Model Energy of Geargaa (kilotons of ail equivalent KTOE)
ol T Eer il ) iy Py v
Transformz P il P el ] Rl =
% | Pt i i Y T s
m £ T F) FI]
P e e
Exports ity £ S 1 — 7
Production ottt sl u| mf el sl w| ws| sn| o we
Intrl Bunke Eh:m'p\mﬁm‘lm Ii A0 | 574 708 k- 241
Imports O i £ 1
aa| 2 it
Losses el of m| em 1| ws| ew| w| aem
Recovered Products o o @l wl ol o o el o wm
EN— oS I——)
) s 3 mw
5l W wl 2 W
; Cl T £ T
stock¥
s sl u | ol s
F78 - 4 3
3 wn| % san
F1 — i =
' wil w| ws| aw| w| wm
% N ) -} a0
7 W » R Y T T T
53 Y o) Tom
EH - o ul o a w
™| — o m o 183
Table 4. 4. Model 2007 Energy Balmce of Georga .
8/13/2014 3
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W0r|d Millions oftonnes of oil equivalent Q’a I[r:‘l:,’s.?:{g:fqu
BALANCE (2011) Ststistical difierences Stock changss Statistcai cifarances -
Production and imports Total final consumption
(12 210.0 Mitoe}. *re. - s (29170 litoe)
H Th ds of te f oil iivalent i
Georgla ousands of tonnes of il equivalen Q%a o
BaLance (201 1) Statistics] differsnces Stock changes Statistical differences.

Production and imports Total final consumption
(3721 ktoe) -

- (3034 ktoe)
o T I o

Cesl pred \
Coalmg ——

Qaros ——
e

Oil productzimp

Trnsport
Gazpred
Gasimp

Bioiwaste prod

Other

imp

Geotn prod — —
Fydro prod

Non-energy u

v

Expors Powerlezze: Ounuse Exports  Bunken
‘Stosk changes

8/13/2014 4
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Why calculate an energy balance?

To compare
= Energy sources in the energy supply of a country
= Sectors of economic activity
= Countries

To analyze and monitor
= Energy efficiency
= Dependence on energy imports or exports
= Data quality

8/13/2014

USAI D HYDRO POWER AND ENERGY
erom He aerican peore | PLANNING PROJECT (HPEP)

What units?
MBtu kilowatt-hours
ol
Mtoe
Mtce
terajoules

IEA opted for Mtoe

8/13/2014

8/13/2014
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Net vs. Gross Calorific Values?

Difference between NCV and GCV is the latent heat of vaporization
of the water produced during combustion

o |
5% 5% 10%
IEA uses Net Calorific Values ‘
8/13/2014 Bomb Calorimeter 7
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Conversion to energy units (1)

COAL
Physical units (tonnes) are converted to energy units using NCV
[kJ/kg], reported in the questionnaires (varies over time)

Specific NCV for Production, Imports, Exports,
Inputs to Power Plants and Industry

Average NCV for all other flows

CRUDE OIL AND OIL PRODUCTS
Using NCV [kl/kg]

Primary oil - Specific NCV for Production, Imports and Exports,
reported in the questionnaires (varies over time)

Oil products - region specific default values

8/13/2014 8

8/13/2014


http://www.youtube.com/watch?v=YXo9B2AbH0s
http://www.youtube.com/watch?v=VG9YG0VviHc
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Conversion to energy units (2)

NATURAL GAS

/ Figures collected in Mm3 and gross TJ (energy unit).
They are converted to net TJ (0.9-gross TJ) and then
to Mtoe (1 P) = 0.02388 Mtoe)

|
‘ OTHER GASES
Data collected in gross TJ, then converted to net TJ
(0.9-gross TJ) and then to Mtoe (1 PJ = 0.02388 Mtoe)
ELECTRICITY

Figures collected in TWh, then electricity production is
converted to Mtoe (1 TWh =0.086 Mtoe)

Gross electricity production is shown and the own use and —
losses are shown separately

8/13/2014
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Choice of primary energy form

First energy form downstream for which
multiple energy uses are practical

Heat

® nuclear heat and electricity production
¢ geothermal heat and electricity production

¢ solar heat production

Electricity
¢ hydro

wind

*
¢ wave/ocean
¢ photovoltaic solar electricity production

8/13/2014
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Energy balance layout: compact source of information
e e

SUPPLY AND Coa  Crde  OF  Naual Nicew Rydo  Geothem. Bulues Secrily Heal | Toul
consumpTion  fapest on  podets s solar avaste

B e 02 D 027 205
R Y 07

Supply

on o7

Comparable information ==
for all products o

002 oo 000 000
02 o0 - 029

Transformation and
energy industries own
use
Comparable energy

Final consumption tnits (Mtoe) % ?;;;
Industry :“:;i
Global picture of energy =

situation in a country

Transport b
Other final oo

consumption

Non-energy use

Electriciy and Heat Output

160 o7s s sy esss e w2 Be.59
5 a w249 | T

Electricity and

8/13/2014 "+ output o o2 a sors ogs msr | woa] H

— P A e —A

Heatpants i 3 om wass  om  woe | e

HYDRO POWER AND ENERGY
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What flows are collected?
Production
Import
Export
International Marine Bunkers
Stock Changes
Domestic Supply

Transfers
Statistical Differences

Transformation Sector (18 sub-sectors)
Energy Sector (16 sub-sectors)
Distribution Losses

Final Consumption
Industry Sector (13 sub-sectors)
Transport (7 sub-sectors)
Other Sectors (4 sub-sectors)
Non Energy Uses

8/13/201 Jectricity and Heat Outputs TOTAL: 95 FLOWS 12
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What products are collected?
® Coal (17 products/categories)
® Natural gas
® Crude Oil and Petroleum products (25 products)
® Nuclear Energy
® Hydro Energy
@ Renewable Energy (19 products/categories)
® Waste Energy (3 products/categories)
® Electricity
® Heat (7 categories)

8/13/20140 TOTAL: over 75 products/categories 13

USAI D HYDRO POWER AND ENERGY
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Supply

SUPPLY AND Coal  Crude oil Refined products and m. Combust. Electricity Heat  Total
electricity are secondary

CONSUMPTION & peat oil products energy: prOdUCtiOn =0 renew.
etc. & waste

- Coal-to-coal transformation
Production 7371 823 48 806 - - 9922
Imports 945 - - 1 763 - 7440
Exports 57 Value repre_sents . ) 2 o7 T ioss
Intl. marine bunkers - | transformation losses; - . . . . 5
Intl. aviation bunkers - | further detail available in - - - - - -48
Stock changes -136 - - 1 - - -227
TPES 8122 BIGBAL 823 48 804 C 6 > - 16032
Transfers - 51 -47 - - - - - - - 4
Statistical differences 0 59 -48 - - - - - 10 29
Electricity plants - -17 -17 - - - @ - (4515 :
CHP plants - - -33 -99 - - - - 36 39 -
Heat plants -104 - -349 -389 - - -42 -1 - 778 -106
Blast furnaces -247 - - - - - -247
Gas works - et - -| Transformation - - - -
Coke/pat.fuel/BKB plants - i A - . - - - -99
Oil refineries - -| - Negative value represents | - - - a2
Petrochemical plants - 99 -103 -l an input, positive value - - - -4
Liquefaction plants - - - - - - - -
Other transformation - represents an output
Energy industry own use - - - -45 . - -322 -20 -387
Losses 76 . . 31| - Transformation losses _ 508 81 -696
TFC 1115 - 3541 1420| appear in the Total column | 804 2344 727 9956
INDUSTRY 582 - 498 1002| a5 negative figures 22 608 296 3007
TRANSPORT 1 - 2178 4 - 23 - 2206
OTHER/13/2014 511 - 176 281 - - 6 781 1714 43114 3901
NON-ENERGY USE 21 - 689 132 - - - - - 842
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There are constant changes in the energy sector

= New products
U Orimulsion
U Oil shale, tar sands
U LNG
U Ethanol
=> New forms of energy
U Wind
U Photovoltaic
U Hydrogen

= New players
U Liberalisation
U Development of trade (oil, coal, gas, electricity)

U Kyoto protocol
& Energy efficiency

8/13/2014 15
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Importance of Energy Balance

* Saving energy in all sectors:
Residential

Transports

Industry
Services

Electricity generation

* Increasing exports - reducing imports

* Increasing domestic (and global) energy security
» Strengthening R&D

* Creating jobs

* Reducing greenhouse gas (mainly CO,) emissions

8/13/2014 16

8/13/2014
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Using the energy balance with economic indicators

Using:

¢ Population
* GDP (using 2000 exchange rates to US dollars)
* GDP-PPP (using 2000 PPPs to US dollars)

:

* Energy Production/TPES * Oil Supply/GDP
¢ Net Oil Imports/GDP *0il Supply/Population
*TPES/GDP o Electricity Consumption/GDP
*TPES/Population o Electricity Consumption/Population
8/13/2014 17
;5‘ USA HYDRO POWER AND ENERGY
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What data for what indicators

TPES/GDP

TPES/Production

Electricity Cons./Population
CO,/GDP PPP

Efficiency Elec. Prod.

Aggregated
Indicators

Cons./ton cement
Heating Cons./sqm/DD
Litre/100km (stock)

Dry process

Process
Efficiency

Condensing boiler
Liter/100km (vintage)

8/13/2014 The Indicator Pyramid 1
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Energy Statistics of Georgia

8/13/2014 19
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Energy governance
Responsible institution on energy statistics:
National Statistics Office of Georgia - GEOSTAT

Institutions involved in energy statistics:
* Ministry of Energy of Georgia

LEGAL BASIS:
* The Law of Georgia on Official Statistics
* The Law on electricity and Natural Gas
* The Law on the Electricity Market Rules
* Annual state program of statistical works

No legal regulation on energy statistics, publications and energy balance
Monitoring of the energy statistics data is regulated by the Ministry of Energy

8/13/2014 20

8/13/2014

10



_;j,"F FROM THE AMERICAN PEOPLE

% USAI D HYDRO POWER AND ENERGY

PLANNING PROJECT (HPEP)

Georgia— Energy Balance 2012 (MARKAL)

Primary energy supply BIOWOO COABRO ELC GASNAT OILDST OILGSL OILLPG OILAVF GEOTH Total

8/13/2014

Production 30 7 0.2 0.0 0.0 0.0 1 38
Import 0 2 2 72 21 18 0 3 118
Export + Stock change 0 2 2 -3 0 0 1
Total energy supply 30 7 0 76 21 18 0 3 1 156
Final energy demand
Industry 0.0 6.65 1178 3.86  0.84 000 23
Transport 0.0 1.02 206 1587 18.39 266 000 40
Households 27.0 0.40 7.82 19.92 1.03 0.01 001 56
Commercial&Services 3.0 0.09 6.20 10.57 0.010 0.63 21
Agriculture 0.0 001 013 132 3.3 0.00 0.02 5
Non energy
consumption 10.00 10
TED (Abkhazia) 5.52 6
Total 3000 7.14 3248 47.74 20.88 1839 001 2.66 0.66 160
Unit: PJ %‘j
Georgia Em
8/13/2014 I:zim:eZ;IZ.-gy 21
Y USAI D HYDRO POWER AND ENERGY
& mom e amenicanpeore | PLANNING PROJECT (HPEP)
Analysis of G ia’ bal
nalysis o eorgia’s energy balance
* Energy security
— Net import/Total final consumption=74%
* Renewables shares
— Fuel wood/TPES=19%
* Losses
— Electricity losses — 16% (dist.), 1.8% (trans.)
— Natural gas losses (transmission) — 1.8%
8/13/2014 22
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Energy Balance of Georgia 2006 ( kilotons of oil equivalent—KTOE)
Cruge Tire
. Sl .
waste
10 Production 4 84 17 as7 14 385 941
11 Import 3 792 1517 &5 2377
12 Esport 53 3 12 68
13 Stock Build Up -1 2 a 3 2z
Primary Production
15 15=10+11-12¢13 (-] 13 793 1531 457 14 385 53 0 3252
Electricity plants,
20 Boilers 6 508 457 638 32 3m
21 Oil refineries 13 12 E]
Other transfor-mations
22 andlosses -14 -346 a1 451
gy Supply
30 30-15220+21-22 (-] 1] 785 877 14 385 600 32 2499
Industrial Sector
40 40-4142+43444 2 0 92 167 ] 0 0 118 12 389
41 Metalhnzy 3 s 43 3 54
Chemical production &
42 Petrochemistry 17 pag 38 3 83
43 Nonmetallic materials 15 18 13 2 48
44 Other production 2 57 17 24 4 204
Transportation
50 50-51452+53 3 512 24 52 0 591
51 Aviation, marine 24 4 4 32
Railway and
52 automobils transport 3 448 14 38 501
53 Unspecified transport 40 3 12 58
Other sectars
60 B0=61+62+63+64 1 181 293 14 385 432 20 1326
61 Agnculture B4 58 0 20 14 4 160
62 Services 1 16 28 6 24 186 16 107
63 Houssholds 75 20 8 329 398 0 1009
64 Unspecified 26 3 0 12 8 0 50
8/13/2014 [ 23
LT 0 193

USAI D HYDRO POWER AND ENERGY
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Tasks:

— Fill in the IEA balance builder for Georgia (2012 year)

— Think and create indicators to analyze energy balance
of Georgia for 2012 year
8/13/2014 24

12



8/13/2014

=% 1 JSAID |HYDRO POWER AND ENERGY
P& mommre amencanpeore | PLANNING PROJECT (HPEP)

The End

g.mukhigulishvili@weg.ge

8/13/2014 25
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Fossil Fuels
Production and Characteristics

M.Margvelashvili
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Fossil Fuels
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Lignite Coal
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)] Small marine organisms

to 4
OMI[ S
llQN o
£

Rs
How Petroleum and ’
Natural Gas Were Formed

Tiny sea plants and animals died and

were buried on the ocean floor. Over time,
they were covered by layers of sediment and rock.
Over millions of years, the remains were buried deeper and
deeper. The enormous heat and pressure turned them into oil
and gas.

Today, we drill down through the layers of sedimentary rock to reach the rock
formations that contain oil and gas deposits.

8/13/2014
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C.,H,,,1t0,=nCO,+H,0 ??
High Heating Value
Low Heating Value

http://www.engineeringtoolbox.com/fuels-higher-calorific-values-d _169.html

* CO, —emissions

http://www.engineeringtoolbox.com/co2-emission-fuels-d 1085.html
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Not to Scale

Depleted Reservoirs

Salt Dome Caverns

http://www.geostockus.com/what-we-do/natural-gas-storage-primer

8/13/2014
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Coal bed Methane
- SKale@agiShaldpilrocarbon reservoirs are made up of porous rock such as

sandstone or limestone which allows hydrocarbons to flow.

= Shale rocks are of low porosity and permeability and need to be fractured

to produce the hydrocarbons they contain.

Shale

Sandstone

ffam USA D |HYDRO POWER AND ENERGY
Shatepas™® process
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Roughly 200 tanker Apumper truck injects a Natural gas of well.
trucks deliver water for mix of sand, water and F Storage
the fracturing process. chemicals into the well. i Recova ater is stored in open
Y pits, then fikan to a treatment tanks
C ) ! i a plant. —
g % | T e e ¥
- 0 G155/ F N [
0

Waler tabie

1.000
Hydraulic Fracturing

Graphic by Al Granberg

http://www.youtube.com/watch?v=CM8Lh7SAm6A
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8 well pad

92 stages pumped in 6
days

15,000 tonnes of sand
(850 trucks)

150,000 m® of water
(5,000 trucks)

30 pumps(80,000 HHP)

A huge task for industry and regulators
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Types and characteristics of coal

Types and characteristics of oil products

Table of low and high heat values of

Fuel oil

Natural gas

Other emissions



HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)

= USAID

m ¥ FROM THE AMERICAN PEOPLE

Thermal Power Generation

MURMAN MARGVELASHVILI

WEDNESDAY 23 APRIL 2014
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— http://www.youtube.com/watch?v=ATFgX2C|3-w
AC power generation

8/13/2014
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e Steam Turbines

steam geing to
other parts

driving shaft
to generator

steam escapes
here
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Condensing cycle
SCHEMATIC DIAGRAM

@2 O
TRANSMISSION

TOWER

REHEATER

ELECTROSTATIC!
PRECIFITATOR

BOILER WAY)
D ; = —— @ = CONDENSATE PUMP DL
COOLING TOVER
oo 0A. sTooK COAL MILL WATER PUKP
TIPFLER I

ASH REMOVER

www.enggroom.com/Code/thermal-power-plant.ppt
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3 @
o . A
m P LY/
LA A AT [0) AN |
G} 6} 2
& 2[ia 16 20
1. Cooling tower 8. Condensor 15. Coal hopper 22, Air intake
2. Cooling water pump 9. Intermediate pressure turbine 16. Pulverised fuel mill 23, Economiser
y — 3. Pylon (termination tower) 10. Steam governor 17. Boller drum 24, Air preheater
[« N }= 4. Unit transformer 11. High pressure turbine 18. Ash hopper 25, Precipitator
5. Generator 12. Deaerator 19, Superheater 26. Induced draught fan
6. Low pressure turbine 13, Feed heater 20 Forced draught an 27, Chimney stack
7. Boiler tead bumn 14. Coal convevor 21. Reheater
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TPP Boiler
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Gas Trubines

Combustion
Compressor Chamber Turbine

Table 5. Gas Turbine Non-Fuel O&M Costs (Year 2007)

turbine

compressor

O&M Costs™ System | | System 2 | System 3 [ Systemd | System §
o Electricity Capacity, kW 1,000 5,000 | 10,000 | 25000 | 40,000
c Variable (service contract), S/AWh 0.0060 | 0.0060 | 0.0060 | 0.0040 | 0.0035
High Pressure Variable (consumables), SAWh 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001
o e Fixed, $/kW-yr 40 10 75 6 5 Precision Graph
Fixed, S/AWh @ 8,000 hrs/yr 00050 | 0.0013 | 0.0009 | 0.0008 | ©.0006
o Total O&M Costs, SkWh 0.0111_| 0.0074 | 0.0070 | 0.0049 | 0.0042

7

Low Pressure
[

Power
Turbine

Intercooler

WV

Turbine

(drives compressor)

>

Cooling Metia =i
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-~ Gas Trubine Prices
Box —@http://www.gas-turbines.com/trader/kwprice.htm

http://www.epa.gov/chp/documents/catalog_chptech_gas_
turbines.pdf

HYDRO POWER AND ENERGY
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Cogeneration/Combined Cycle

Fm, Cogeneration Mode

Steam for Process

de s ]

* Gas lul!mw
Air ' p
Fuel HRSG
Combined-Cycle Mode
Fuel
Condenser
| ol
~
: lx, J Stean
| Turbine l
] -
Gas Turbine v
A 4
Fuel

Pump

Pump

R |

HRSG Stack
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Plant efficiency = useful output/input energy
n=E./E; (%)

Heat Rate = input energy (GJ)/output power
(GWh)

J=W*sec kWh=3600*kW*sec=3600k/
MJ=0,278kWh, GJ=1/3600*GWh
HR=1/n*3600

n=30% => HR=12000 GJ/GWh

?55'—£\*
g 3 ‘US A|D HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)

Heat recovery Steam Generator

Combined Cycle
Utility HRSG

http://www.victoryenergy.com/he at-recovery-steam-generator/
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Coal Characteristics

Heating Value

Coal Grade
(Btu/ib) (kJikg)
Anthracite 12910 30080
Semi-Anthracite 13770 32084
Low-volatile bituminous 14340 33412
Medium-volatile bituminous 13840 32247
High-volatile bituminous A 13090 30499
High-volatile bituminous B 12130 28262
High-volatile bituminous C 10750 25047
Subbituminous B 9130 21319
Subbituminous C 8940 20830
Lignite G800 16077

- Coal content
- Carbon 60% in lignites to 97% antracit
- Sulfur content
- Ash content
Emissions
Local - SO, No,, Particulate matter, trace elements (mercury)
- GHG-CO, CO

HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)

Coal PP costs

Subcritical cost per kW $600-1900/kW
Supercritical cost per kW $700-2300/kW

Supercritical 20% higher costs
38% thermal efficiency

Critical point of water 22.1Mpa, 374°C

8/13/2014
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Pulverised Coal Combustion

SUPERHEATER

PRECIPITATOR

Layout of a Pulverized Fuel Power Plant

HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)
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Circulatign Fluidized Bed Combustion

Water wall
heat recovery

Stack
Coal and
limestone
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€O, intensity factor Coal consumption'
(Efficiency [LHV, net]) P
670-740 g COL/KWh

A-USC (700°C3) IGCC (1 500°C7) (45500

290-320 g/kwh

740-800 g CO./kWh

Ultra-supercritical {up to 45%)

320-340 g/kWh

800-880 g CO./KWh

Supercritical {up to 42%)

340-380 g/kwh

=880 g CO,/kWh

Subcritical {up to 38%)

=380 g/kwh

" For coal with heating value 25 M)/kq; * Steam temperature; * Turbine inlet temperature.

Source |IEA Technology Roadmap — HELE coal power generation

4
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* Tasks
— Energy Unit Conversions - BTU, GJ, KWh,

— Calculate heat rate of Georgian TPPs in GJ/GW and
BTU/kWh

— Compare efficiencies and heat rates of
* Gas turbine plant
* Combined cycle
* Coal PPs from the slide above

— Calculate the cost per kW of Balance of Plant at
230MW CCGT using the Gas Turbine prices (link above)
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Energy Economics

WEDNESDAY, 7 MAY, 2014
Giorgi Mukhigulishvili
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What is Energy Economics about?

Economics — a science that studies how decisions are made by users
that compete for scarce resources;

Energy as a product (non/renewable, unique-electricity, supply-
demand continuity);

Resource constraints of energy;
Energy supply & demand

Energy Markets

Regulation _

Price formation _
Externalities

Interests of energy importing, exporting and transiting countries

8/14/2014
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Global Energy Consumption

O RuDEOIL
Consumption per capita 2012
Tonnes oil equivalent
E
Hydro an
18% 1
Nuclear
0.9%
Norurul
Global energy consi
woo 2008 12 0%

«

Source: IEA

Source: IEA

Source: BP
8/14/2014 3
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Energy Product Substitutions

093 I :
600
mmm Other renewables
550 | wm Nuclear
o0 == Hydropower
500 | =mm Gas
= Oil WWW
- | wm Coal Internet
g @10 4501 = Biomass f‘.
Mo 400’
030 Microchip
350’
010 ) 30 'M
j ’ ; | Television ~energy
o P w250 | Vacuum tube 7
/ s 200 o
? | Electric De
0ol - motor
AE00 1850 sl 150 |

Commercial
Year a aviation
Source: Nakicenovic (2001) 100 w Gasoline

engine
| Steam

engine

50

0
1850 1875 1900 1925 1950 1975 2000

8/14/2014 Source: Grubler A et al. (2012) 4
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Energy Demand Elasticity
e Elasticity is a ratio of the percentage change in one variable to the

percentage change in another variable, when the latter variable has a
causal influence on the former.
%AQ

~ %AP

* Energy demand elasticity w.r.t its price (purchased oil — oil prices)

* Energy demand elasticity w.r.t the price of substitutes (purchased gasoline
—diesel price)

* Energy demand elasticity w.r.t price of complements (fuel wood — price of
the stove)

*  More examples???

8/14/2014 5
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Energy demand drivers

* GDP structure and its growth rate;

* Population growth rate, households;

* GDP/capita;

* Energy Prices;

* Technology change/development;

* Country energy, environmental and economic policy;

e others...

8/14/2014 6
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Energy Outlook 2013
TPES Outlook by Fuel
15000 TPES Outlook by Region
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2020 202: 2000
= Coal/peat = oil* 0
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(based on Po‘;;esou:;je;r cf)i:?j’eoraﬁon} (bat Eoeco  [Echina Masia*  BNon-OECD Europe and Eurasia

[ Middle East O Africa I Non-OECD Americas B Bunkers**

Source: [EA (2013)

NPS: New Policies Scenario 4505: 450 Scenario***
(based on policies under consideration) (based on policies needed to limit global
average femperalure increase fo 2 °C)
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Energy Markets
»  Perfect competition — a market structure in which the following five criteria are met:
1. All firms sell an identical product;
2 All firms are price takers - they cannot control the market price of their product;
3. All firms have a relatively small market share;
4 Buyers have complete information about the product being sold and the prices

charged by each firm; and
5. The industry is characterized by freedom of entry and exit.

*  Monopoly — A situation in which a single company or group owns all or nearly all of
the market for a given type of product or service. High prices, inferior products,
deadweight loss.

*  Natural Monopoly - A type of monopoly that exists as a result of the high fixed or
start-up costs of operating a business in a particular industry. It’s economically
sensible to have certain natural monopolies, governments often regulate those in
operation, ensuring that consumers get a fair deal.

*  Monopsony - A market similar to a monopoly except that a large buyer not seller
controls a large proportion of the market and drives the prices down. Sometimes
referred to as the buyer's monopoly.

8/14/2014 9
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Herfindahl-Hirschman Index - HHI

measure of the size of firms in relation to the industry and an
indicator of the amount of competition among them.

Si-share in Industry
H=0 Competition
H=1 Monopoly

Georgian power market
2012 — Enguri 33%; Mtkvari 11,8%; Thilsresi 11,7%; HHI=0.1365
2013 — Enguri 36%; Mtkvari 8,8%; Vartsikhe 8,4%; HHI=0.1445

8/14/2014
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Oil
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Oil Reserve-to-production (R/P) ratios

Reserves-to-production (R/P] ratios

TS0 North America
WS & Cant

M Europe & Furazia
M Middle East
Africa
_ Asia Pacific
A Worid
— T
Distribution of proved reserves in 1992, 2002 and 2012

g &l &l & &

W Middle East

North S &Cent FEuope&  Mude
Amarca  Amenca  Eurasa S

Source: BP (2013)
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Oil Production and Consumption

Production by region Consumption by region

Asia Pacific 10 1
Afiica
W Midde East [ —
W Europe & Eurssia Consumption per
W S, & Cent America

North America

@ 2 w7 3 o
0075
Source: BP (2013) 07515
15225
m 22530
E>30
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Oil Prices

Rotterdam product prices US Gulf Coast product prices
M Gasoline Vel W Gasdline 1eo
W Gas il h M Gas oil
M Heavy fuel ail 140 M Heavy fuel ail 140
A 120 kﬁ 170
i \\ 100 y /‘ 00
N INDA
&0 20
MY VA LADUAT™
j / &0 i &0
Nt N E] ﬁ# 0
el | 41 = v -f'/
e g - 0 /| o4 0
% % 5/ 98 99 [0 01 &z 03 04 05 06 &7 @8 08 10 11 12 0 9 % 6/ 98 9 00 01 02 02 04 06 06 07 03 08 10 11 12 [
Source: Platts. Source: Platls.

Source: BP (2013)
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Oil Trade Movements

268 |284

us
Canada
Mexico
B S. & Cent. America
rasia

Source: BP (2013)
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Oil Market Development

* Market power on the global oil market — “Standard Qil”

* Innovative technologies, high capital costs and low operating
costs, economies of scale led to large firms with an incentive
to collude.

* Produce less than is socially optimal and charge a higher price
— deadweight loss

* National oil companies are privatizing (Canada, UK, Argentina)
* OPEC - 11 members behave as dominant firm

* Discussion — Georgian oil market? (Producers, Suppliers,
distribution, prices...)

8/14/2014 16
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Natural Gas
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NG Reserve-to-production (R/P) ratios

Reserves-to-production (R/P) ratios

2012 by region History

0w NorthAmerica M Midde Esst

Distribution of proved reserves in 1992, 2002 and 2012
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B Middle East
W Europe & Eurssis
B Asia Pacific
Afnca
North America
B 5. & Cent. America

1982

Total 117.6
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Amedca  America  Euesia metres

Source: BP (2013)
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NG Production and Consumption

Production by region Consumption by region

Bilion c.tic matras Bilion cutic matras

W Rest of Werkd *0 m Fest of Werld o
W Asia Pacific i -
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North America Toreas cd equrealont
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NG Prices

Prices
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NG trade movements

Major trade movements 2012

216

us
Canada
Mexico

Source: Inchdos dats from Codigaz, CISStat, GHGNL, B4S CERA, Posan, Watarboms.

8/14/2014 Source: BP (2013) 21
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NG Market

* With high transportation cost natural gas tend to be more
regionally oriented in North America, South America, Western
Europe, LNG in Asia-Pacific.

* Upstream (exploration, production) — competition
* Midstream (transportation) — natural monopoly, TPA
* Downstream (refining) — competition

* What about Georgian gas market?
* Transit projects?

8/14/2014 22
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Coal
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Coal Reserve-to-Production (R/P) ratio

Reserves-to-production (R/P) ratios

2012 by region History
30 Narth Amarica
W 5. & Cent. America
M Evrops & Eurasia
m Midde East & Africa
Distributi proved reserves in 1992, 2002 and 2012
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M Europe & Eurzsia
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Total 821780
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america Amarca

Source: BP (2013)

Source: Survay of Enargy Rasourcas 2010, Werld Energy Council
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Coal Production and Consumption

Production by region Consumption by region
Nifior torna o scussiart Milion e o scuvsiert

W Asia Pacific

I Asiz Pacific.

Africa Africa
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i
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Coal trade routs
Hard Coal Seaborne Trade 2007: 820 million t
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Coal Market

* Coalis the world’s most abundant and widely distributed
* Negative externalities - emissions

* Elasticity

* Competitive market

* What about Georgian coal market?

* Producers, import sources, demand, prices, main consumers —
MARKAL

8/14/2014 27
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Electricity

8/14/2014 28
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Electricity generation by fuel

World electricity generation* from 1971 to 2011

by fuel (TWh)
24000
20000 J
16 000 ] 9 7 3 2 O .I .I
12 000
Other** Other**
Hydro ’ Hydro ther
8000 2o 06k Codlpea B Coal/pa
4000 Nuclear Nuclear
0 3.3% 11.7%
1971 1975
B Fossil thermal qumlqu
Source: IEA (2013) 12.2%
oil Nurural/gas oil
24.6% 21.9% 4.8%
6 115 TWh 22 126 TWh
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Electricity Generation by country

Coal/peat TWh [e]]] TWh Natural gas TWh
People’s Rep. of China | 3 723 Japan 153 United States 1 045
United States 1 875 Saudi Arabia 142 Russian Federation| 519
India 715 Isiamic Rep. of Iran 67 Japan 374
Japan 281 Mexico 48 Islamic Rep. of Iran | 160
Germany 272 Indonesia 42 Mexico 156
South Africa 243 United States 40 United Kingdom 147
Korea 225 Kuwvait 36 Italy 145
Australia 173 Pakistan 34 Egypt 117
Russian Federation| 164 Russian Federation| 27 Korea 116
Poland 141 Egypt 25 India 109
Rest of the world |1 332 Rest of the world | 444 Rest of the world | 1 964
World 9144 World 1058 World 4852
8/14/2 2011 data 2011 data 2011 data 30
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Components of end-user price of energy

|
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—
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Georgia’s Power Market
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Interests of energy exporting, importing and transiting
countries

* Energy exporting countries:
— Diversify markets
— Diversify transit routs
— Higher prices

* Energy Importing countries:
— Diversify supply sources
— Diversify transit routs
— Lower prices

* Energy transiting countries:
— Increasing transit capacity
— High profit tax, TPA tariff, in-kind fee...

8/14/2014 34

8/14/2014

17



8/14/2014

*USAID |HYDRO POWER AND ENERGY
4 FROM THE AMERICAN PEOPLE PLANNING PROJECT (HPEP)

Task

Identify Georgian energy market
characteristics
Oil market: Coal market:
Producers Producers
Import sources Import sources
Export
Prices Export

Prices
Gas market:
Producers Power market:
Import sources .
Export Generation
Transit Import sources
Prices Export
8/14/2014 35
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The End

g.mukhigulishvili@weg.ge
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Significance

Hydropower stands as the most significant renewable energy
source. It uses the single but very powerful energy force of
moving water. By some comparison competes with the energy
produced by fossil fuels and nuclear power, but is considered
much cleaner and more simplistic. Hydropower remains
popular even in third-world countries, which do not have the
resources to build expensive nuclear generating stations.
Hydropower does not pollute the atmosphere or
environment.

15-May-14 2



HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)

=* USAID

¢/ FROM THE AMERICAN PEOPLE

Hydro power plant consists:

. Inside « Hydropower Plant
 Turbine
Dam Powerhouse

* Generator Resewok ....... Transformer Power Lines
e Automatic and

1

protection equipment

* Transformer

e Buiding of the plant
* Hydro building

: = l’

\
intake cggtt'e'" Penstock  Turbine

Outflow

15-May-14 3
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How a Hydroelectric Power System Works

TURBINE GENERATOR

» Flowing water is directed at a
turbine. The flowing water
causes the turbine to rotate,
converting the water’s kinetic
energy into mechanical energy. GENERATOR H

* The mechanical energy
produced by the turbine is
converted into electric energy
using a turbine generator.
Inside the generator, the shaft
of the turbine spins a magnet
inside coils of copper wire. It is
a fact of nature that moving a
magnet near a conductor
causes an electric current.

video

TURBINE

15-May-14 4
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Types of Hydropower

Impoundment — An impoundment facility, typically a large
hydropower system, uses a dam to store river water in a
reservoir. The water may be released either to meet changing
electricity needs or to maintain a constant reservoir level,

Diversion — Also called run-off-the-river, facility channels a
portion of a river through a canal or penstock. It may require
the use of a dam.

Pumped Storage — When the demand for electricity is low, a
pumped storage facility stores energy by pumping water from
a lower reservoir to an upper reservoir. During periods of high
electrical demand, the water is released back to the lower
reservoir to generate electricity

15-May-14 5
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Impoundment System

* An impoundment is simply a dam that holds water in a
reservoir. The water is released when needed through a
penstock, to drive the turbine.

Transmission lines -
conduct electricity,
ultimately to homes

* This illustration shows
the parts of a standard
hydroelectric dam. Most
large, high-head
hydropower facilities
use impoundments.

and businesses

Penstock - Carries
water to the turbines

_FF__d___._.—-—d“_ Dam - stores water
T S

Generators - rotated
by the turbines to
generate electricty

Turbines - tumed by
the force of the water
on their blades

Cross section of conventional
hydropower facility that uses
an impoundment dam

15-May-14 6
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Run-of-the-River Hydropower System

A run-of-the-river system uses the river’s natural flow and
requires little or no impoundment. It may involve a diversion of a
portion of the stream through a canal or penstock, or it may

involve placement of a turbine right in the stream channel. Run-
of-the-river systems are often low-head.

Powerhouse Siluice gate

15-May ..
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Pumped Storage

 Pumped-storage hydroelectricity is used for load balancing. The
method stores energy in the form of gravitational potential
energy of water, pumped from a lower elevation reservoir to a
higher elevation.

Elevator J|

Main Access Tunnel
@-Surge Chamber

1
|
]
)
)
I
)
|
|
:
— — — e, :
Powerplant Chamber
Breakers

Transformer Vault

15-May-14 8
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Power Generation

« The amount of electricity that can be generated by a
hydropower plant depends on two factors:

« flow rate - the quantity of water flowing in a given time; and
* head - the height from which the water falls.

« The greater the flow and head, the more electricity produced
 Flow Rate =the quantity of water flowing
 Head =the height from which water falls

15-May-14 9
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Prognosis of hydro power plant capacity

Capacity of hydro power plant

P=981-H-QO-n
where P —capacity of hydro power plant (kW)
H — pressure ()
O — tate of water flow (m’/s)
n - elliciency
7 — confain losses 1n turbines, transmissions and generators
—0,6-0,8

15-May-14 10
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|t is important to note that when determining head, hydrologists
take into account the pressure behind the water. Water behind the
dam puts pressure on the falling water.

 Tall dams are sometimes referred to as “high-head” hydropower

systems. That is, the height from which water falls is relatively high.

Water
Flow

Many smaller hydropower 57|, f--meemmameaaqns
systems are considered “low-
head” because the height from
which the water falls is fairly
low. Low-head hydropower
systems are generally less than Reservoir
6 meters high.

Electricity

Zaurtesy of TxU

15-May-14 11
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Sizes of Hydropower Plants

Definitions may vary.

Large plants : capacity >30
MW
Small Plants : capacity b/w

100 kW to 30 MW (In
Georgia <13 MW)

Micro Plants : capacity up to
100 kW

15-May-14
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Turbine and their usage
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| Hydroturbine classes
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Overflow water wheel Underflow water wheel -
Poncelot

15-May-14 14
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Pelton turbine

* Nozzles direct forceful streams of water against a series of
spoon-shaped buckets mounted around the edge of a wheel.

* Each bucket reverses the flow
Of water and this impulse
spins the turbine.

15-May-14 15
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Francis Turbine (Radial-axis)

The inlet is spiral shaped.

Guide vanes direct the water tangentially
to the runner.

This radial flow acts on the runner vanes,
causing the runner to spin.

The guide vanes (or wicket gate) may be
adjustable to allow efficient turbine
operation for a range of water flow
conditions.

Best suited for sites with high flows and
low to medium head.

Efficiency of 90%.

Expensive to design, manufacture and
install, but operate for decades

15-May-14
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Kaplan Turbine (Diagonal)

The inlet is a scroll-shaped .: LI

tube that wraps around the | | ! B 1
turbine's wicket gate.

Water is directed : | = I.
tangentially, through the  Jjof s HWH & ©
wicket gate, and spirals on 13 = '
to a propeller shaped i : e [ |
runner, causing it to spin. { to cWOE] ] i
The outlet is a specially ' '
shaped draft tube that 3— -

helps decelerate the water - WY =
and recover kinetic energy. ¥ — Ve

VERTICAL KAFLAN TURBINE

Shassad 1 .
a
rJ
-.-.IF‘::. -
"
¢

\
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Others:

Crossflow turbine:Water flows through the blades twice;

Straflo: The generator is attached directly to the perimeter of the
turbine;

Tube Turbine: The penstock bends just before or after the runner,
allowing a straight line connection to the generator;

Bulb Turbine: The turbine and generator are a sealed unit placed
directly in the water stream.

Reaction Turbine
Combined action of pressure and moving water.

Runner placed directly in the water stream flowing over the blades
rather than striking each individually.

lower head and higher flows than compared with the impulse
turbines.

15-May-14 18
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Generators

* Types

1. Squirrel cage generators and
motors

2. Synchronous generators

* Principles of working
1. Parallel with network
2. Autonomously

15-May-14 19
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Requirements to operation systems

* Protect equipment to overload

* Switch off power plant (disconnect from network) in case of
disappearing voltage in network

* Not switch power plant to network in case of lacking voltage
in network

* Close immediately inflow when disappeared voltage in
network

* By starting plant, open water inlet
 Measure active and reactive power
* Compensate reactive power

15-May-14 20



HYDRO POWER AND ENERGY
PLANNING PROJECT (HPEP)

‘os'flfsk_
L] — .
i;& g ;|
e”ﬂ- i_ii/i&"f FROM THE AMERICAN PEOPLE

“ONAL

Hydro Power Economics

Local Hydropower Economics
Cost of HP is affected by oil prices; when oil prices are low, the demand
for HP is low.
More plants built, greater demand for HP
Reduces dependency on other countries for conventional fuels

Local Hydropower Economics
Development, operating, and maintenance costs, and electricity generation
First check if site is developed or not.
If a dam does not exist, several things to consider are: land/land rights,
structures and improvements, equipment, reservoirs, dams, waterways,
roads, railroads, and bridges.

Development costs include recreation, preserving historicaland
archeological sites, maintaining water quality, protecting fish and wildlife.

15-May-14 21
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Construction Costs

Hydro costs are highly site specific

Dams are very expensive

Civil works form two-thirds of total cost
— Varies 25 to 80%

Developing nations: $ 800 to $ 2000/kW

Compare with CCGT: $ 600 to $800/kW

Production Costs
Compared with fossil-fuelled plant
— No fuel costs
— Low O&M cost
— Long lifetime

15-May-14 22
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Typical costs of 100 KW plant

Machinery

Civil works

Electrical works

External (no grid connection)
Total:

15-May-14

Low head

$1000s
50-150
16-67
16-33
13-25
95-275

High head

$1000s
25-100
31-67
16-33
13-25
85-225

23
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Impacts of Hydropower

( Potential Impact /

Social T — / Economic
|

impacts
Issues P

( Environmental /

|mpact Benefits /

/ Draw Backs /
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Social Issues - Relocating people from reservoir area leads to significant
concerns regarding local culture, religious beliefs and effects associated
with inundating burial sites. While there can never be a 100% satisfactory
solution to involuntary resettlement, enormous progress has been made
in the way the problem is handled;

Environmental Impacts — Hydroelectric power includes both massive
hydroelectric dams and small run-if-the-river plants. There are
environmental impacts at both types of plants.

- Environmental Benefits - No operational greenhouse gas emissions.

Savings (kg of CO2 per MWh of electricity): Coal 1000 kg, Oil 800 kg, Gas
400 kg, No SO2 or NOKX.

- Non-Environmental Benefits — Flood control, irrigation, transportation,
fisheries and tourism.

Economic Impacts — The larger a hydro project is, the larger its
construction cost overrun in percentage terms.

15-May-14 25
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Interference with sediment transport

Rivers carry a lot of sediments.

Creation of a dam results in the deposition of sediments on the
bottom of the reservoir.

Land erosion on the edges of the reservoir due to deforestation also
leads to deposition of sediments.

Capture of sediment decreases the fertility downstream as a long
term effect.

It also leads to deprivation of sand to beaches in coastal areas.

If the water Is diverted out of the basin, there might be salt water
Intrusion into the inland from the ocean, as the previous balance
between this salt water and upstream fresh water in altered.

It may lead to changes in the ecology of the estuary area and lead
to decrease in agricultural productivity.

15-May-14 26
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Climatic and Seismic effects

It is believed that large reservoirs induce have the potential to
Induce earthquakes.

* Intropics, existence of man-made lakes decreases the
convective activity and reduces cloud cover. In temperate
regions, fog forms over the lake and along the shores when the
temperature falls to zero and thus increases  humidity in the
nearby area.

15-May-14 27
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Other problems

Many fishes require flowing water for reproduction and
cannot adapt to stagnant resulting in the reduction in its
population.

Heating of the reservoirs may lead to decrease in the dissolved
oxygen levels.

The point of confluence of fresh water with salt water is a
breeding ground for several aquatic life forms. The reduction
In run-off to the sea results in reduction in their life forms.

Other water-borne diseases like malaria, river-blindness
become prevalent.

15-May-14 28
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Advantages

Hydropower is a fueled by water, so it's a clean fuel source.

Hydropower relies on the water cycle, which is driven by the sun, thus it
is @ renewable power source.

Hydropower doesn't pollute the air like power plants that burn fossil fuel,
such as coal or natural gas.

Hydropower is a domestic source of energy, produced in the Country.

Hydropower is generally available as needed; engineers can control the
flow of water through the turbines to produce electricity on demand.

Hydropower plants provide benefits in addition to clean electricity.
Impoundment hydropower creates reservoirs that offer a variety of
recreational opportunities, notably fishing,
swimming, and boating. Most hydropower installations are  required to
provide some public access to the reservoir to allow the public to take
advantage of these opportunities.

Other benefits may include water supply and flood control.

15-May-14 29



g -fm\\ USA D |HYDRO POWER AND ENERGY
\'l"// rrom THE american peorte | PLANNING PROJECT (HPEP)

Disadvantages
Fish populations can be impacted if fish cannot migrate upstream past impoundment dams to spawning
grounds or if they cannot migrate downstream.

Upstream fish passage can be aided using fish ladders or elevators, or by trapping and hauling the fish
upstream by truck. Downstream fish passage is aided by diverting fish from turbine intakes using
screens or racks or even
underwater lights and sounds, and by maintaining a minimum spill flow past the turbine.

Hydropower can impact water quality and flow. Hydropower plants can cause low dissolved oxygen
levels in the water, a problem that is harmful to
riverbank habitats and is addressed using various aeration techniques, which oxygenate the water. Main
taining minimum flows of water downstream of a hydropower installation is also critical for the survival
of riparian habitats.

Methane emissions from reservoir.

Hydropower plants can be impacted by drought. When water is not available, the hydropower plants
can not produce electricity.

New hydropower facilities impact the local environment and may compete with other uses for the
land. Those alternative uses may be more highly valued than electricity generation. Humans, flora, and
fauna may lose their natural habitat. Local cultures and historical sites may be impinged upon.

Some older hydropower facilities may have historic value, so renovations of these facilities must also

be sensitive to such preservation concerns and to impacts on plant and animal life.
15-May-14 30
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Thank you!

n.maghradze@gmail.com
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any visitor from outer space
would say ,,I want to see the
manager”

* “Treat the earth well: it was not given to you by your parents,
it was loaned to you by your children. We do not inherit the
Earth from our ancestors, we borrow it from our children”

* "The main hope of nation lies in the proper education of its
youth”

* “You” must be the change you want to see in the world
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Background
* Vertically integrated state monopolies
* Distributed generation — decentralized power systems
* Direct connection of generator and consumer

* Traditional electricity planning has sought to expand supply
resources to meet anticipated demand growth with very high
reliability, and to minimize the economic cost of this
expansion.
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The traditional “least cost” electric planning model
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Towards Efficient Use of Energy

* Increasing supply costs (1973 oil crises) and environmental
constraints have reduced or removed these incentives, and
the concept of “least-cost” utility planning has begun to be
completely redefined in some countries.

* From supply to system cost minimization - Investment exp. in
EE is cheaper than in Supply to meet the demand!!!

* |IRP can be and already are being applied in other areas such
as natural gas, water supply, and even transportation and
health services.

8/14/2014 4
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An integrated “least-cost” electric production cost and

load model
Demand-Side Energy-Saving Costs of Supply Alternatives Environment and
Alternatives (includes non-utility options) Social Impacts

L S Jl
N

A \ \
: Load Projection(s) Expansion Plan Production Costs Rate of Return,
Alternatives Including Social Pricing, and

! Cost Estimates Incentives for

1 —>- — P Utility and

1 27 7 Customers

1

1

I - - s

I_ _____________ Feedback of Prices and « - -~

Customers’ Incentives Revenues Depend

on Performance
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What is an Integrated Resource Planning (IRP)?

IRP is the combined development of electricity supplies and demand-
side management (DSM) options to provide energy services at minimum
cost, including environmental and social costs.

* |RP evaluates the full range of alternatives, including new
generating capacity, power purchases, energy conservation and
efficiency, alternative and renewable energy resources, to provide
adequate and reliable service at the lowest system cost.

* Consistently integrates demand and supply resources.

* The concept of IRP developed from the North American context of
private utility monopolies, regulated at the state or provincial level
in late 1970s.

8/14/2014 6
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Integrated Resource Planning Process

1. Collection of reliable data on electricity end-use demand patterns
and technical alternatives for improving their energy-efficiency or
load profiles,

2. Definition and projection of future energy-service demand
scenarios,

3. Calculation of the costs and electric-load impacts of the demand-
side alternatives,

4. Comparison of their costs with the economic costs and
environmental impacts of conventional and alternative electricity
supply options,

5. Design of an integrated supply and demand-side plan that satisfies
the least-cost criteria in terms of economic costs and
environmental impacts,

6. Implementation of the least-cost strategy.

8/14/2014 7
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Integrated Resource Planning Process
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Discount rate in IRP

* The same discount rate used for making investments in
supply-side and energy-efficiency

* However, the implicit discount rates applied by energy-users
to energy-efficiency investments range from 20% to 200%,
compared to utility discount rates of 6-10% (Ruderman et al
1987).
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Example of IRP

Northwest (US) Power Planning Council (NWPPC)

* Every 5 years, the Council produces 20-year demand forecasts and
electricity-resource plans

* two important changes in the region’s energy planning process
— energy forecasts now explicitly consider the uncertainty of Demand

— energy efficiency improvements are now treated as part of the electricity
supply resource.

* Future energy-efficiency potential - EE sufficient to meet all the
new demand in forecasts based on low and medium rates of
economic growth (high growth requires additional generating resources)

8/14/2014 10
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Trends in Power Sector development

Two trends
* The widespread adoption of DSM
* The deregulation in the electricity sector

environmental concerns are one of the primary factors
motivating the application of IRP.

Competition increases innovation by rewarding more efficient
performance.

8/14/2014 11
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Who Carries Out the IRP Analysis?

* The utilities were pushed by their regulatory commissions to adopt
IRP in order to identify and capture the potential for cost effective
energy-efficiency improvements.

* Government agencies - policies and programs to implement energy-
efficiency improvements

* The concepts of IRP are applicable at the national level as well as at
the level of regional or municipal power systems.

* For small countries, the national level and the utility system may be
the same, in which case national IRP makes good sense.

* In larger countries, IRP analysis can be conducted at the national
level and/or the local level, but many measures are best delivered
through relatively decentralized structures.

8/14/2014 12



:”m’" USAI D HYDRO POWER AND ENERGY

V! FROM THE AMERICAN PEOPLE pLANNING PROJECT (HPEP)

Conclusion

* Public authorities can use IRP principles to design programs to
encourage end-use efficiency and environmental protection
through environmental charges and incentives, non-utility
programs, and utility programs applied to the functions
remaining in monopoly concessions such as the distribution
wires.

* Again, the principles of IRP will continue to be relevant to
environmental protection in deregulated power markets, even
if the process of “traditional” IRP is dissolved.

8/14/2014 13
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Tasks

* |dentify issues in power sector of Georgia which are relevant

to IRP rules (Example — electrification)
* |dentify energy efficiency measures in Georgia’s power sector
* Who can do IRP in Georgia — key institutions?

* Which is more expansive, peak or base-load energy in

Georgian power system?

8/14/2014 14
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Useful Videos

* Integrated Water Resources Management

* |Integrated Resource Plan

¢ |RP Recommended Actions: Conserve More, Build & Reinvest

¢ |RP Recommended Actions: Prepare for Potentially Greater Demand

8/14/2014 15
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The End

g.mukhigulishvili@weg.ge
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Background

* The concept of CBA dates back to an 1848 article by Jules Dupuit
and was formalized in subsequent works by Alfred Marshall.

* To improve decision-making and facilitate better policy outcomes,
US Federal Navigation Act of 1936 effectively required cost—benefit
analysis for proposed federal waterway infrastructure.

The Flood Control Act of 1939 was instrumental in establishing CBA
as federal policy.

In 1960s the concept of option value was developed to represent the
non-tangible value of preserving resources such as national parks.

8/14/2014 2
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CBA

+ Cost Benefit Analysis (CBA) - a systematic process for calculating
and comparing benefits and costs of a project, decision or
government policy. Benefits and costs are expressed in monetary
terms, and adjusted for the time value of money

* CBA has two purposes:
— To determine if it is a sound investment/decision,
— To provide a basis for comparing projects.

* CBA attempts to measure the positive or negative consequences
of a project, which may include:
— Effects on users or participants
— Effects on non-users or non-participants
— Externality effects
— Option value or other social benefits.

8/14/2014 3
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Process of CBA

The following is a list of steps that comprise a generic CBA:
» List alternative projects/programs. (status quo)
+ List stakeholders.

» Select measurement(s) and measure all cost/benefit elements.
* Predict outcome of cost and benefits over relevant time period.

+ Convert all costs and benefits into a common currency.
* Apply discount rate.

+ Calculate net present value of project options.

+ Perform sensitivity analysis.

* Adopt recommended choice.

8/14/2014 4
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Principles of CBA

* CBA Involves a Particular Study Area - city, region, state, nation or
the world.

+ Double Counting of Benefits or Costs Must be Avoided

+ NPV differences between government CBA and private sector
evaluation - Broad — Society VS. Narrow - Project

* Surveys (stated preference techniques) or market behavior
(revealed preference technigues) are often used to estimate the
compensation associated with a policy;

» Causes of inaccuracies in CBA include:
— Overreliance on data from past projects
— Use of subjective impressions by assessment team members
— Inappropriate use of heuristics to derive money cost of the intangible elements
— Confirmation bias among project supporters (looking for reasons to proceed).

8/14/2014 5
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Specify Costs | Specify Benefits
. ) Values are expressed in
2 2. Lari. CBA determines
i i the most cost-effective
solution.
Total Total
N
its — PV ), Benefits
PV = (Benefits — Costs), popoi L Benef 5
1+i) PV Y. Costs
t=0
Where: If Benefits > Costs ....
N = Number of years } i
i = discount rate Implement Policy or Project
t =year
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Private Sector Omits Externalities
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» Externalities: effects of a project that extend beyond the project
itself, and consequently are not included in the financial analysis.

* In general an externality exists when the production or consumption
of a good or service by one economic unit has a direct effect on the
welfare of the producers or consumers in another unit without
compensation.

+ Externalities may be positive or negative.

[4 - G i, KAINET
o CIGARETTE TAX 1
Saine M KiL
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CBA Issues

1. Units: Use currency; “real prices” in
constant values. Controversy converting
externalities to currency.

2. Time: Establish the time lines for costs
and benefits. Length of time — 20 years,
40 years, etc.

3. Discount Rate: to bring benefits & costs
to the same time period, what discount
rate should be used?.

=% LJSAID |HYDRO POWER AND ENERGY
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Discount Rate — World Experience

« The World Bank and, more recently, the EBRD have adopted a
required economic rate of return of 10%. This is usually regarded as
a quite high rate. Usually national governments set the social
discount rate for public projects at a lower level than international
institutions.

* In the UK, social time preference rate and private rate of return are
set both at 6%. In Italy, the discount rate is currently set at 5%. In
Spain different values of the social discount rate have been set
depending on the sector involved: 6% in real terms for transport and
4% for water resource projects.

* In France, the discount rate set by the Commissariat Général du
Plan is equal to 8% in real terms. This rate has not been updated
since 1984.

8/14/2014 10
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Value of $100 Today and Each Year, 40 years into the Future Value of $100 Today and Each Year, 40 years into the Future
5100 $100

Assume a 5% Discount Rate

Assume a 15% Discount Rate
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Key Point:

A higher discount rate implies that present values carry greater weight in the
PV formula compared to a lower discount rate.
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Benefit and Cost estimation

METHOD COMMENT/ EXAMPLE REFERENCES
" Mainly applicable to the “goods” (e.g. fish) but also some cultural (e.g. recreation) Brown et al.1990; Kanazawa
Market Price
and regulating services (e.g. pollination). 1993
. The value of the flood control service can be derived from the estimated damage if
Avoided Cost
flooding would occur.
Gunawardena & Rowan
Cost Replacement The value of groundwater recharge can be estimated from the costs of obtaining 2005;
Market Cost water from another source (substitute costs). Ammour et al. 2000; Breaux
. Based )
Valuation Mitigation/ et al. 1995;
R:sltgoar“alzlnon E.g. Cost of preventive expenditures in absence of wetland service (e.g. flood Gren 1993
barriers) or relocation.
Costs
Production How soil fertility improves crop yield and therefore the income of the farmers, and
how water quality improvements increase commercial fisheries catch and thereby Pattanayak & Kramer 2001
Function/Factor Income
incomes of fishermen.
E.g. part of the recreational value of a site is reflected in the amount of time and Whitten & Bennet 2002;
Travel Cost Method
Revealed money that people spend while travelling to the site. Martin-Lopedz et al. 2009b
Preferences . For example: clean air, presence of water and aesthetic views will increase the Bolitzer & Netusil 2000;
Hedonic Pricing Method
price of surrounding real estate. Garrod & Willis 1991
It is often the only way to estimate non-use values. For example, a survey
Contingent Valuation questionnaire might ask respondents to express their willingness to increase the Wilson & Carpenter 2000;
Method (CVM) level of water quality in a stream, lake or river so that they might enjoy activities Martin-Lopez et al. 2007
like swimming, boating, or fishing.
\S/;Tuualglnend Choice Modelling It can be applied through different methods, which include choice experiments, :a;‘gg‘f‘ Wright 1998; Lil et
contingent ranking, contingent rating and pair comparison. Philip & MacMillan 2005
) It allows addressing shortcomings of revealed preference methods such as Wilson & Howarth 2002
Group Valuation preference construction during the survey and lack of knowledge of respondents
Spash 2008
about what they are being asked to allocate values.
8/14/2014 13
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Economic Valuation Studies Undertaken in
Georgia and Used Approaches

* Georgian Forest Development Project:
— Legal, Institutional and Economic Background of Georgia’s Forest Sector

» 2010:

8/14/2014

and Principles of Total Economic Valuation. Report 1. URS Corporation Ltd
(2003);

Legal, Institutional and Economic Analysis, Forest Resource Evaluation
Methodology, Resource Pricing Mechanisms and worked Example of Forest
Resources Economic Valuation for Oni Forest District for Forest
Management Planning and Valuation Purposes in Georgia. Report 2. URS
Corporation Ltd (2003).

UNDP/GEF project Catalyzing the Financial

Sustainability of Georgian Protected Areas System: Economic
Valuation of the Tusheti National Park and of the Network of
Georgian Protected Areas.

8/14/2014
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Continuation...

* In 2000-2001 the WB conducted a study - valuation of the
Contribution of Borjomi-Kharagauli and Mtirala National Parks
Ecosystem Services to Economic Growth and Human Well-
being. (WWF)

— Total Economic Valuation (TEV) methodology was applied in estimating the
costs and benefits associated with the establishment of the national park.

— This approach accounts for all uses and services of ecosystems and
biodiversity that humans derive from them.

— The results of the cost-benefit analysis revealed that the establishment of
the KNP under the current KPA Law would lead to significant net losses to
the local communities. A socially and ecologically sustainable alternative
was needed.
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Current need of CBA in Georgia

Khudoni HPP

Energy Community membership

New highway
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The End

g.mukhiqulishvili@weq.ge
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World energy-related C02|emissions by fuel and sector, 2011

Other energy
sector (1.6 Gt)

Coal 03 Gt Industry (5.5 G
Coal: 3.3 Gt

i 0il: 1.0 Gt

Gas: 0.6 Gt e

Power generation
& heat (13.0 Gt}
Coal: 9.4 Gt

0il: 0.9 Gt

Gas: 2.6 Gt

Buildings (2.9 GI)
Coal 0.5Gt

Qil: 1.0 Gt

Gas: 14 Gt

Transport (8.9 Gi)
Coal: 0.0 Gt

Oil: 6.6 Gt

Gas 02 Gt
Other (1.3 G
Coal: 0.2 Gt

Qil: 0.9 Gt
Gas: 0.3 Gt

Power and heat is the largest single source of CO, emissions with transport being the
largest end-use sector source
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Increased Increased
temperatures temperature leads to
increased peak
Change in electricity demand

precipitation
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World atmospheric concentration of CO, and average global temperature change
£ 450 0759 — Atmospheric
2 concentration of
400 0.50 coz
350 e aa 0.25
///-
300 — 0
250 -0.25
200 ) T T T T T T '0.50
1900 1920 1940 1960 1980 2000
Average global temperatures have already increased by 0.8 °C and are likely to
increase a further 2.8 °C to 4.5 °C without additional action
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Finance, Technology, Economic Transparency of
e o~ i

Instruments action and support Periodic Review

Mitigation Ad;

‘OVERSIGHT AND DECISION-MAKING

CANCUN FINANCE ECONOMIC 2013-2015
ADAPTATION INSTRUMENTS REVIEW
FRAMEWORK CURRENTLY IN
OPERATION
T TECHNOLOGY
NATIONALLY DEVELOPMENT CONSIDERATION
APPROPRIATE MNAIROBI WORK AND OF NATIONAL
MTIGATION PROGRANMME ECONOMIC REPORTS
INSTRUMENTS
AND ACTIONS OF UNDER
DEVELOPED DEVELOPMENT
COUNTRIES T
DEVELOFPED ASSESSMENT AND
COUNTRIES OVERVIEW OF
e —— WORK CLIMATE FINANCE
NATIONALLY PROGRANMME FLOWS
APPROPRIATE _—
MITIGATION
ACTIONS
DEVELOPING LEAST COMPLIANCE
COUNTRIES DEVELOPED MECHANISM
B —— COUNTRIES
EXPERT GROUP
FORUM ON
RESPONSE
MEASURES NATIONAL
ADAPTATION
PROGRAMMES
OF ACTION
REDD-PLUS
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Mitigation

According to the Fourth Assessment Report of the International Panel for Climate Change (IPCC AR4), global greenhouse gas
(GHG) emissions have grown since pre-industrial times, with an increase of 70 per cent between 1970 and 2004. With current
climate change mitigation policies and related sustainable development practices, these emissions will continue to grow over the
next few decades. Continue

More on UNFCCC Mitigation work

Focus Mitigation main page Action on mitigation: Reducing emissions and enhancing sinks
e o et Y
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The two largest emitters make encouragiiib;

steps toward decarbonisation:::

CO, emissions per unit of electricity generation

United States China
< 600 = 900
2 2
=3 =1
. ~
S ss0 S s&s0
o0 o0
500 800 1 B
450 750 »
400 - d 700 - : "
2003 2006 2009 2012 2003 2006 2009 2012

In 2012, total CO, emissions in the US were back at the level of the mid-1990s,
while total CO, emissions growth in China was one of the lowest in the last decade
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The adaptation process

Adaptation refers to adjustments in ecological, social, or economic systems in response to actual or expected climatic stimuli and
their effects or impacts. It refers to changes in processes, practices, and structures to moderate potential damages or to benefit
from opportunities associated with climate change.
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Elements of adaptation

Adaptation activities span five general components: observation; assessment of climate impacts and vulnerability; planning,
implementation; and monitoring and evaluation of adaptation actions.

oo e
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Emissions of Carbon Dioxide by fuel type

Specific Carbon Content ST FE) Specific CO2 Emission Specific CO2 Emission
Content
(kgC/kgfuel) (kWh/kgfuel) (kgCO2 /kgfuel) (kgCO2/kWh)
Coal
P " 0.75 7.5

(bituminous/anthracite) 23 037
Gasoline 0.9 12,5 33 0.27

Light Oil 0.7 117 2.6 0.26

Diesel 0.86 11.8 3.2 0.24

LPG - Liquid Petroleum

Gas 0.82 123 3 0.24
Natural Gas, Methane 0.75 12 28 0.23

Crude Oil 0.26
Kerosene 0.26

Wood 0.39

Peat 0.38

Lignite 0.36

Bio energy 0

Source: http://www.engineeringtoolbox.com/co2-emission-fuels-d_1085.html
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RUSSIA

ENERGY SECTOR REVIEW

Electricity Markets in Russia

There are 7 territorial divisions (united energy systems; UES) in Russia : Northwest,
Central, South, Middle Volga, Urals (incl. Tyumen and Khanty-Mansiisk), Siberia, and
Far East

East

8/14/2014
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Electricity Markets in Russia

5 UES in European Russia
are well developed and
properly connected within
and to the systems outside
of the Russian border.

Direct connections
between UES Siberia and
the rest of the UES are

weak. However, there i
"a special energy bridg
connecting UES Siberia
to UES Urals through the
territory of Kazakhstan

Source: RAO UES of Russia

There is a special
separated Norilsk
energy zone

Only 2% of consumption is
decentralised, mostly in the
North Western Siberia,
Eastern Siberia and Far East

UES Siberia operates only
within a narrow strip on the » The Far East zone is
southern border of Western fragmented. Only a weak
Siberia. Most of Siberia is not connection is established
covered with common grid. with Siberian UES

Electricity Markets in Russia

Electricity output in Russia (bn kWh)

The greatest gain of the electricity output till 2015 is expected in UES of Central and
Siberian UES, and greatest rate of growth is in UES of the South and The Power Zone of

the East.
400 1600
——] Northwest =0~ ntral
==~ UES of the South - UES of Middle Volga
350 ‘=s=UES of Urals «~UES of Siberia 1400
& ThePowerzone of Far East » Decentralization L
~ =Russia (right scale) | (
300 T _gjl 1200
J I — e e
i e E ——— i e
200 800
150 600
I I
00— P R S ey P e, o
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0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: Agency on forecasting balances in electric power industry (APBE)
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Electricity Markets in Russia

Capacity balance in Russia (GW)

It is assumed that by 2020 demand for capacity will increase by 34%
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Electricity Markets in Russia

Structure of the capacity in Russia (6W)

Until 2016, the structure of the capacity in Russia will not change. Renewable energy

(solar, wind, tidal, geothermal etc.) does not play a significant role in a power balance
of Russia so far.
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Capacity structure by UES and types of inputs

Electricity generation in Russia is dominated by thermal plants (more than 65% in 2008).
The absolute leader are co-generation plants (35%). which dominate in UES of
Northwest, Central, Middle Volga and The Far East (with Hydro plants).

The UES of the South and Urals are dominated by condensation thermal plants, and

Siberia — by Hydro plants.

UES
e | e I O S

Nuclear

Diesel
Thermal (Condensation)

Renewables

Thermal (Co-generation) 35,40| 42,08| 49,76| 177z s1sr  a2s3| 34,2
All (GW) 2361 50,36 19,56 1630 5266 4834 13,85  224.66/100%

Source: RosStat

Electricity Markets in Russia

Fuel consumption by UES and types of inputs

The fuel in UES of Northwest, Central, Middle Volga, South and Urals is mainly gas,
and in UES of Siberia and the Far East — coal. Thus in the Power Zone of Far East

the share of gas (from Sakhalin depaosits) has increased over the last few years.

- - -

73,16 91,35 | 96,64 81,11 | 83,16 12,08 21,57

10,01 4,56 026 1691 12,91 82,82 69,20

7.08 341 0,24 0,19 2,84 431 0,24
21,28 20,10 114,62 58,98 13,89 324,44 / 100%

Al 25,99 69,58

Source: RosStal
quantity standard coal) 8

oles:
[1] Tons of fional fuel icn on
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Generations business in Russia is possible in two

fundamentally different schemes

vivith the issue of energy produced in the grid
viwithin the framework of an autonomous energy source (off grid)

Off grid

Electricity Markets in Russia

Issuance of electricity to the grid

A plant can participate in the wholesale (25 MW and above) or retail markets.

*ée
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Electricity Markets in Russia

The wholesale market has a complex structure

Electricity and capacity are traded separately.
Trades in the electricity market taking place every day (the day ahead).
Auction capacity occur once a year (for several years ahead).

Capacity Market will only

start functioning only in
the beginning of 2011 (with
Electricity Market in Russia
has been functioning for uﬁmﬁmr;n

first trial trading sessions

several years, using the e

classic hourly-next-day = + ll'llnllmum
scheme. Effective January : mode|

1, 2011, electricity market
will be free from regulation

(excluding marginal price

cap)

in the autumn of 2010).
“01d” and “new” capacity
markets are planned to
become a single
commercial market in the
future. Old capacity prices

Electricity Markets in Russia

There are competitive and regulated area of the wholesale market
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Electricity market

Most consumers of European Russia and Siberia to buy electricity at prices

determined by the market

'Wholesale

, market

Electricity Markets in Russia

Electricity market: 27 bands compete

| “Center” I “Moscow™ I “Kolskaja” I"NorlhemTyuman"

Competitive sector is divided 27
bands for the free flow of
electricity and capacity (ZSP).

Competition between producers
and consumers occurs within
each ZSP.

Exchange between them is

limited.




8/14/2014

Electricity Markets in Russia

Electricity market

Regulation of electricity prices implemented in the Arkhangelsk and
Kaliningrad regions, Komi Republic, Norilsk power district and throughout the
Far East, including the Amur Region and Yakutia

e
e

Electricity Markets in Russia

Capacity market

Capacity market has long-term, investment character: the plants receive
reimbursement to establish and maintain working capacity

Capacity market in the foreseeable future will remain almost wholly controlled because
the FAS found the competition of capacity suppliers is possible in 3 of 27 ZSP only:

+in Krasnoyarsk Krai, Irkutsk and much of the Kemerovo area;

+in the part of the Urals (mostly in the South);

+virtually throughout UES of Centre (without Vologda and Moscow regions).




Electricity Markets in Russia

Regulated segment of capacity market is divided into

the markets of the "old" and "new" capacity in turn

Such division is due to the dominance in Russia the plants with fully depreciated
assets: the cost of their capacity is significantly lower than in newly plants due to
lack investment component.

(A competitive market sector is currently very limited and the price from the top.)

capacity capacity

Electricity Markets in Russia

“"New"” capacity market

Regulation of prices for the "new" capacity carried out within the framework of the
system of Contracts for the supply of capacity (CSC). These define the mechanism of
capacity pricing for newly plants (their number is very limited), ensured the return of
investments in their creation.

Excess the CSC-prices over the market prices is paid by all participants of the market
(European part and Siberia).

Convener of CSC assigned to the System Operator of the United Power System (SO
UPS).

Previously it was projected that the dividing into "old" and "new" capacity will be
cancelled by 2020 by raising the maximum prices for the "old" followed by the opening
of the capacity market to free competition, but recent findings of FAS that thern't
competition in most ZSP are likely to make significant amendments to these plans.

http://www.academia.edu/2204254/Electricity_Markets_in_Russia_english_updated_
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Analytics from Federal Tariff Service of Russia

Tariff rates for electric power provided for population in 2009-2011 (kop./kWh- including VAT)

kop./kWh

Central Northwest

Analytics from Federal Tariff Service of Russia

North

82009

South Privolzhsky Ur:
federal district federal district  Caucasian federal district federal district federal
federal district

82010 @201

Far East
central

Dyvnamics of established tariffs of the wholesale market suppliers
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Analytics from Federal Tariff Service of Russia
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Analytics from Federal Tariff Service of Russia
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Analytics from Federal Tariff Service of Russia

Analytics from Federal Tariff Service of Russia
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Analytics from Federal Tariff Service of Russia

Scheduled and actual electric power consumption
in Rugsian Federation, bin kKWh
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Analytics from Federal Tariff Service of Russia

Natural gas wholesale prices

3000
2500
2000 A
1500 A

1000 A

RUR / 1000 cubic meters

500 A

2008 2009 2010 20M
& Industry E Population

8/14/2014

13



8/14/2014

The value of wholesale price calculated by the price formula

2008 2008 2008 2008 2009 2009 2009 2009 2010 2010 2010 2010
Dynamics of gas wholesale prices for industrial consumers

Analytics from Federal Tariff Service of Russia
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RUR / 1000 cubic meters

RUR / 1000 cubic meters

8/14/2014

Analytics from Federal Tariff Service of Russia

Natural gas price for end consumers (including VAT)
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Analytics from Federal Tariff Service of Russia

Dynamics of amounts of rates for supply and sales services
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Analytics from Federal Tariff Service of Russia
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Analytics from Federal Tariff Service of Russia

Average level of tariffs for “Gazprom” OJSC services for
independent organizations for gas transportation through gas
main pipelines
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Analytics from Federal Tariff Service of Russia

Average increase in final natural gas prices in 2011 classified by
the consumer groups against December, 2010

group1l group2  group 3 group 4 group 5 group 6 group 7 group 8
(over 500 (over 100 (from 10to (from 1to (from 0,1 (from 0,01 (from 0,01 (population)
mio cu mio cu 100 miocu 10miocu to 1miocu to 0,1 mioc miocum
m) m) m m m wm inclusive)

indlusive) inclusive) indlusive) indusive)

114,51% 114,05% 112,76%  112,38% 112,99%  114,39%  11597% 116,61%
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