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1.0 LIST OF ACRONYMES 

Acronym Term 

DAP Day Ahead Planning  

ESCO Electricity System Commercial Operator Ltd. 

ETM Electricity Trading Mechanism 

GEMM Georgian Electricity Market Model 

GNERC Georgian National Energy and Water Supply Regulatory Commission 

GSE Georgian State Electro System 

GTMax Generation and Transmission Maximization Model 

HIPP Hydropower and Investment Promotion Investment Project 

HPEP Hydro Power and Energy Planning Project 

HPP Hydropower Plant  

IT Information Technology 

MAP Month Ahead Planning 

MoE Ministry of Energy 

MO Market Operator 

MW Megawatts 

TPP Thermal Power Plant 

TSO Transmission System Operator  

TWh Terawatt Hours 

USAID United States Agency for International Development 
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2.0 BACKGROUND 

The USAID Hydropower and Energy Planning Project (HPEP) supports the Ministry 
of Energy (MoE) of Georgia in developing the necessary legal and regulatory 
framework to facilitate cross-border clean energy trading and establishment of the 
Electricity Trading Mechanism (ETM) in compliance with USAID’s proposed Georgia 
Electricity Market Mode (GEMM)l. This document is one in a series of reports from 
USAID HPEP on development of the software and IT platform that will support the 
introduction of a competitive electricity market in Georgia. 

3.0 DEVELOPMENT OF THE ELECTRICITY TRADING MECHANISM 

USAID HPEP continues to support the development of the ETM byassiting the MoE 
in the introduction of the day ahead planning process.  This report highlights the 
practical approach of HPEP’s MAP/DAP model development. For this purpose, 
Energo-Pro’s historical hourly metering data was used as inputto the model. 

The transitional plan to the new electricity market described in Georgia GEMM 2015 
assumes the implementation of the following tasks: 

• Development of “Month Ahead Planning” system for all market participants  

• Development of “Day Ahead Planning” systems for all market participants 

• Implementation of MAP and DAP for bi-lateral contracting on hourly basis 

• Development of "take or pay" bi-lateral contracting 

• Development and introduction of hourly balancing market and settlement 
system. 

The first task of the transition to the ETM is a functionalday ahead by hour 
scheduling process (generation and consumption) by Market Participants, based on 
which all daily electricity trading tasks are operational, rangingfrom system hourly 
balance to settlements on the electricity market. 

The ETM requires an automated system. For this, USAID HPEP created a computer 
model to support daily transaction nominations by most of the Market Participants. In 
addition, USAID HPEP proposes the use GTMax software, operated by the licensed 
national dispatcher GSE, for scheduling the “regulated” hydropower plants by 
substantially simplifying GTMax’s application without prejudice to the results of 
planning. 

This report focuses namely on the applicability of the HPEP hourly scheduling model 
for Market Participants. The applicability of the model was evaluated for Energo-pro, 
which provided the necessary historical hourly data. 

4.0 OBJECTIVE OF THE WORK 

The Month Ahead Planning (MAP) and Day Ahead Planning (MAP) methodologies 
were developed within the USAID HPEP Project. 

These methodologies (Figure 4.1) involve the use of the USAID HPEP developed 
planning model for most of the market participants (details are given in the USAID 
HPEP Report, Proposed Approaches To Transition To Hourly Based Electricity 
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Market In Georgia, Stage 1, November 2013) and GTMax for calculating MAP/DAP 
for several regulated power plants (software currently being supported in GSE within 
the USAID-funded USEAproject).  

USAID HPEP created algorithms for MAP and DAP which are included as Annex 1 
to this report. 

For the initial stage of development, USAID HPEP decided to create a simple Excel 
model guided by simplicity in operation for Market Participants. In the future, this 
model should be transferred to another IT platform integrated withMarket 
Participants databasesas a Web-based application. 

 

Figure 4.1. Hourly market participants functioning planning  

 

 

Note that this approach significantly simplifies the modeling of the power system in 
GTMax environment (proposals were presented to GSE). 

The purpose of this report is to analyze the admissibility of using the proposed 
Excel model for market participants, including electricity off-takers and part of 
generators using real metering data. 

In this report, the modules of this model are shown as the illustrations of performed 
steps in the planning process. 

Energo-Pro was chosen as the object study.That choice was due to the following 
reasons: 

 The presence of sufficiently accurate metering system, including a database; 

 The presence of consumption and own generation (generators with different 

types of regulation). 
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The analysis was performed based on historical data provided by Energo-Pro 
(consumption – from April to December 2013, generators – June 2013 and February 
2014). 

In addition to the analysis of applicability of the model for forecasting Energo-Pro’s 
consumption and generation for the day ahead,the additional goals were to identify 
potential model enhancements and to develop recommendations for improving 
planning accuracy. 

5.0 CONSUMPTION MONTH AHEAD PLANNING 

5.1 HISTORICAL DATA ANALYSIS 

Energo-Pro consumption hourly load shapes for April-December 2013 are presented 
on Figure 5.1. 

Figure 5.1.Energo-pro consumption load shapes for 2013 in kW 

 
Analysis of these curves shows that there is a sufficiently largedifference of hourly 
capacities by days, especially in afternoon hours. In this regard, the graphs show: 

 Apparent failure of planning on a "day to day" basis; 
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 Using absolute hourly capacity valuesis not acceptable. 

 

5.2 CONSUMPTION PLANNING 

In the proposed model, several tools are used to undertake the accurate planning. 

First, it is separation of data by typical days (in this report the separation is 
performed by three types of days: working days, Saturdays and “Sundays + 
holidays”, Figure 5.2) 

 
Fig. 5.2 Types of days 
 

 

Secondly, in planning the shapes of load curves,not the absolute values by typesof 
days,were used (Figure5.3) based on historical metering data (Figure 5.4). 

Fig. 5.3. Energo-pro consumption load shapes for October 2013 in per unit 
basis 
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Fig.5.4. Energo-pro consumption historical data based on metering system for 
October 2013, in MW 

 

Third, the difference in daily consumption volumes between averaged days (by 
types) during the month was considered (example – October 2013). 

 

Fourth, the difference in consumption by weeks was considered (example – October 
2013). 

 
 

Fifth, calendar synchronization for historical and planning months was applied 
(Figure5.5). 

Figure5.5.Calendar synchronization  

 

Consumption planning results areshownon Figure 5.6 (blue - working day, red - 
Saturday, green - Sunday). The graphs show the results only for the beginning and 
middle of the respective month.  Calculations were carried out at monthly 
consumption growth of 3% in 2014 compared with 2013 (daily and weekly 
coefficients are accepted as appropriate for historical data). 
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Figure5.6. Energo-pro consumption load shapes for 2014 in MW 
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October     

  

November     

  

December    

  

Analysis of these results revealed several features of Energo-Pro’sconsumption: 

1. There is no significant difference between the load shapes by type of days, 
both in form and in the hourly capacity valuesforthe total consumption of Energo-
Pro; 

2. The main difference in the values is observed during afternoon shoulder hours; 

3. Consumption shapes are different by months; 

4. Often Saturday’s consumption exceeds consumption of working days and 
Sundays.This fact is associated with the structure of consumption and can be 
seen also from Table 5.1, when the average consumption of Saturday’s exceeds 
the respective of working days and Sundays (maximum – red, minimum - blue); 
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Table 5.1.Daily coefficients for consumption in 2013 in per unit basis 

 

Table 5.2 shows the dynamics of consumption in 2013 by weeks.It should be noted 
that often there is no definitive trend. This may be due to different reasons.It is not 
necessary that this trend will continue for the planning year. For example, it is 
possible that the second week of October 2013 (the maximum consumption of 
October) was characterized by a cold snap for a few days. However, this does not 
mean that in 2014 the picture will be same. 

Table5.2.Weekly coefficients of consumption in 2013 (maximum – red, 
minimum - blue) in per unit basis 

 

Full analysis of these reasons may be conducted by Energo-Pro 
specialists.However, USAID HPEP for their part improved the planning model and a 
model user can now manually input other weekly coefficients instead of historical 
coefficients (automatically calculated). 

It should be noted that this model allows a user to carry out daily planning too (this 
approach can be used at the initial stage).The mechanism proposed for this 
implementation is the same as for the hourly planning. 

Figure5.7 provides a comparative analysis of daily planning (2014) and actual 
volumes by days in 2013 (here the analysis assumes0% growth in consumption for a 
clearer picture). 

Figure 5.7.Planning (October 2014, red) and actual (October 2013, blue) daily 
consumption in MWh 
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The planned curve calculated by the model is more realistic, which again confirms 
the incorrectness of approach to planning only on the day to day basis. 

5.3 CONSUMPTION PLANNING ACCURACY IMPROVEMENT 

To improve the accuracy of consumption planning,additional analytical work of 
Energo-Pro’s experts and model refinement should be carried out. 

This model was created initially using Excel, although such tasks are solved on a 
completely different IT platform. The model and operation on the IT platform is easy 
to use (requires no special knowledge of Market Participants). 

At the same time, some tasks require appropriate database of historical and forecast 
data with depth of a few years (average temperature, consumption changes by 
weeks, etc.). This will significantly improve the planning accuracy. 

In this regard, as well as the need to connections with other software (bilateral 
contracts, balancing market) the model should be transferred to another IT platform, 
for example, Web-based application usingMySQL. 

6.0 GENERATION MONTH AHEAD PLANNING 

In analyzing the structure of Energo-Pro generation production,it’s obvious that 
generators can be divided into four types: 

 Run-of-river HPPs; 

 Seasonal HPPs(Dzevrula, Shaori); 

 Regulated HPPs (Gumati 1, 2 (cascade), Ladjanuri); and, 

 GPower (gas turbine). 

The 110 MWgas turbine at Gardabani is mainly used for balancing,having sufficiently 
rapid startup time and ramp up ofelectricity production (20-25 MW per minute) and 
usually operates on the balancing market (not normally involved in bi-lateral trading 
market). 

With regard to HPPs, despite the classification listed above, in the present study 
planning curves (hourly, month ahead) were calculated separately for each 
plantusing the proposed Excel model.This approach gives an indication of the 
grouping of plants for planning purposes. 
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Energo-Pro presented metering data for June 2013 and February 2014, on the basis 
on which the calculations were performed. 

6.1 RUN OF RIVER GENERATORS PLANNING 

A distinctive feature of the planning regimes of these HPPs is to abandon the 
separation of databy types of days (in the model it is carried out when day type = 1 
for all days for a month).This is explained by the independence of generation of 
these plants on the consumption difference by types of days (production does not 
follow consumption pattern). 

The results of calculations for part of these HPPs are shown in Figure6.1. The 
planned monthly volumes of generation are assumed to be equal to historical data 
for the same period and weekly coefficients also correspond with historical periods 
(absence of other data). 

Despite the fact that all the power plants are run-of-river HPPs, their load shapes still 
differ from each other due to varying degrees of daily regulation. This justifies a 
planning approach separately for each plant. 
 
Generationproduction of all HPPs in the second half of February is much higher than 
the first (Energo-Pro’s specialists can analyze this phenomenon, perhaps water 
increased significantly). In addition,for certain plants the generation production in the 
second week is less than in the first, while for others the opposite. This occurrence is 
likely a result of the regional climate related to eachHPP. 

 

Figure 6.1. Planning load shapes of HPPs (February 2015) in MW 
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Aggregate load shapes for all run-of-river HPPs are shown on Figure 6.2. 

 

Figure 6.2.Aggregated load shapes of all run of river HPPs (February 2015) in 
MW 

 

6.2 REGULATED HPPS GENERATION PLANNING (GUMATICASCADE, 
LADJANURI) 

Figure6.3 presents the historical data for June 2013, which shows that there are 
some days with perhaps inaccurate metering data (e.g., for same day for two hours 
the hourly production for Gumati-1 and Gumati-2 are 0). 

 
Figure 6.3. Historical data for regulated HPPs (June 2013) in MW 
 

Gumati-1                                  Gumati-2                           Ladjanuri 
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To minimize these inaccuracies, “data filtering” mode was used (exists in the model), 
allowing theremoval of an entire day’s worth of data or to adjust data by selected 
hours (Figure6.4.). 

Figure6.4.Data filtering 

 

In the following calculations as in the previous section the separation of data by 
types of days was not considered (summary of analysis is provided below) and 
correspondingweekly coefficientswere calculated using historical data. 

The planning results are shown on Figures6.5 and 6.6. 

Figure 6.5. Planning regimes (June 2014) in MW 
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Figure 6.6. Planning regimes (February 2015) in MW 

Gumati-1 Gumati-2 

  

Ladjanuri Total regulated HPPs 

  

 

As can be seen from the results, not only the hourly capacities but also the forms of 
these curves for the generators are different by months. 

USAID HPEP does not have sufficient information on the regulation of production 
levels, in particular for Ladjanuri that is based on power system requirements (impact 
of dispatch licensee orders). If so, then it may be necessary to consider the 
differences in system consumption by typical days for each type of day for regulated 
HPPs. 

In this regard, we calculated the planned regimes for Ladjanuriwith separation of 
data by selected types of 3 days (Figure6.7), which shows that for this HPP there is 
a slight difference though planned schedules. 

Thus, the final decision on the type of differentiation by days for these HPPs should 
be based on analysis of regulation (power system requirements). 

Figure 6.7.Ladjanuri HPP planned regimes (February 2015) with differentiation 
by typical days, in MW 
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Figure6.8 shows a comparison of the daily volumesbased on the actual generation 
(February 2014) and planned (February 2015) with differentiation by typical days. 
Obviously, planned volumes are more predictable. 

Figure 6.8. Comparison of actual and planned generation by days (February) in 
MWh 

Gumati-1                                Gumati-2                          Ladjanuri 

 

6.3 SEASONALHPPSPLANNING (DZEVRULA, SHAORI) 

Day Ahead Planning for the two generating plants was carried out under the same 
assumptions as above (no separation by types of days, weekly coefficients 
correspond to historical). Figure6.9 shows the results of the planning for these 
HPPsfor February 2015. 

Figure 6.9. Seasonal HPPs planning regimes (February 2015) in MW 

DzevrulaShaоri 

 
 

As shown by the graphs above, the model provides good results and can be applied 
for these generators. 
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Analysis of historical data for June 2013 showed that these power stations were 
either in a long-term outage (e.g. Dzevrula - 19 days) or in reserve (sometimes 
working only for a few hours). 

It is obvious thatdue to renovationsin June 2013,Dzevrula HPP level of electricity 
production is quite different from that in June 2014.In the same regard to placing a 
generating plant on reserve,due to the growth in consumption in Energo-Pro over 
time, the amount of time on reserve will decrease. 

In this regard, the historical data,e.g. year before last, can be accepted. 
Undoubtedly, a more accurate planning for generation can be achieved by using 
historical data over several years, which also will improve the forecast of water 
volumes. 

It should be noted, however, that results from analyzing consumption data for 
multiple years is not necessarilybetterincomparisonwith simply analyzing the 
previous year alone.This is due to the fact that a change in the structure of 
consumption (especially the fact that some consumers can cease purchasing power 
fromleave Energo-Pro and enter intothe competitive retail electricity market. 

The possibility of improving the model should be considered.However, as noted 
above, the software needs to be transferred to another IT platform that will allow the 
consideration of other influentialfactors (see Chapter 5). 

7.0 DAY AHEAD PLANNING 

GEMM 2015 and proposed mechanisms for its implementation are detailed in 
thereport«Proposed Approaches to Transition to Hourly Based Electricity 
Market in Georgia. Stage 1»,November 2013, preparedwithinUSAID HPEP Project.  

In particular, if the monthly planningprocess in the electricity market allows for 
Market Participantsto conclude long-term hourly bilateral contracts (based on 
participation in the partial pool and free negotiations between Market Participants), 
then the daily planning process should allow Market Participants to conclude daily 
agreements. The accuracy of planning here is important, since the deviations (by 
hours) on Balancing Market (by definition, more expensive than the bi-lateral 
contract market) will be determined as the difference between the actual forecasted 
consumption or generation level and the sum of bilateral contracts.  

In addition, the planning data and contract nominations for the next day should be 
implemented within a short time period. 

For daily planning, the following mechanism is implemented in the model. When 
planning a day, a model user can view schedules for this day based on monthly 
planning results for this day and results from carrying out appropriate adjustments. 

There are two types of adjustments that can be made to the next day load shape: 

 By daily volume of electricity (with same form of load shape obtained on the 

basis of monthly planning, Figure7.1) 

 Byseparatehours (with change in the form of load shape, Figure 7.2). 

 
Figure7.1.Adjustment by daily volume 
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Figure7.2.Adjustment by hours 

 

As additional information for making adjustments for the next day forecast, the model 
user can view the adjusted regimes for the past few days, as well as actual regimes 
for these daysfrom the metering system.. 

8.0 MAIN CONCLUSIONS AND NEXT STEPS 

The following conclusions resulted from the calculations and analyses of day ahead 
planning based on data submitted by Energo-Pro: 

 Hourly scheduling algorithms allow accurate planning for the majority of 

market participants.In particular, for Energo-Pro planning can be carried out 

for total consumption and all its generators; 

 The USAID HPEP-developed Excel model with user-friendly interface is easy 

to use and requires no special knowledge; 

 It is advisable to calculate day ahead hourly forecasts for power 

plantsseparately due to their differing forms of load shapes; 

 Application of this model saves time and required resources for day ahead 

planning; and, 

 This model can serve as a tool for the majority of Market Participants. 

At the same time, given that the accuracy of planning is very important in a 
competitive market environment, the model should be continuously improved, which 
requires: 

 Perform simulations by Market Participants and obtain their expert judgment 

(in particular, the results of this report must be estimated by Energo-Pro); 



 

HYDRO POWER AND ENERGY PLANNING PROJECT (HPEP)  

 Supporting aAdditional factors in the modelthat affect the accuracy of the 

forecasts (trends by weeks, depth of historical data, repair, reserve, weather 

conditions, water volumes by years, etc.) and atomization. 

 To take into account additional factors and automation, as well as the 

necessity of thesoftware to functionwith other tasks (bilateral contracts, 

balancing market) in same environment.The transfer of the developed Excel 

model to an another IT platform is needed.Using MySQL with installation for 

all Market Participantsis proposed.This software should operate as a Web- 

application, easily interface with other software such as Alfa Center and 

operate on any device up to tablets and mobile phones. 

 Necessity of Market Participants and operators jointlywith the HPEP team for 

the initial calculations and analysis of the results is required. 

ANNEX 1.MONTH AHEAD PLANNING ALGORITHMS 

Separation of metering data by types of days  

Considering the different levels of consumption by days of the week, planning should 
be implemented with consideration of this factor.  

For example, Working Days, Saturdays, Sundays+ public holidays could be selected 
as typical days. 

It will probably make sense considering dispatchers’ typical practice, to divide 
working days into Mondays and Tuesday-Fridays. 

If necessary each day of a week could be considered as a typical day (the suggested 
methodology should not have limitations).  

Availability of initial data 

The metering database currently installed at GSE is unfortunately not completed yet 
but it is the only source of obtaining historical data required for this methodology. 

It is necessary that while usingAlpha Center (metering database and software) the 
meter readings be grouped in such a manner that for each market participants one 
value be received by each hour (capacity).  

Based on the existing information held by GSE, developing hourly electricity 
accounting by hour is possible and will it involve all market participants included into 
the metering system.  

Looking ahead, we may say that the absolute hourly values willnot be used in 
calculations for the initial operation of MAP, but rather the shapes of daily load 
curves. This will allow reducing the impact of missing meters. 

Thus, the MAP development and the metering system development may proceed as 
parallel processes. 

The details of the required historical data 

The number of previous years to be used in the analysis could be from one to three 
years.  
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The methodology should allow varying this indicator. On one hand, the more the 
information, the better is the result, because more data will allow considering the 
difference between years, for example, different weather conditions and “water 
levels”; on the other hand, the closer the given year to the planning year, the more 
considerable it may become from the viewpoint of accuracy of the results.  

The idea of the approach and the phases of planning are as follows: 

Processing of historical data 

At the beginning we would suggest an example, when only the past year is 
considered for historical data.  

For each typical day of the month under review, the shape of curve in per units is 
defined as the value of capacity of a specific hour in relation to the sum of daily 
values of energy of all days of that type. 

If any figure falls out of the generalpicture, for example, due to failure of a meter, it 
should be excluded from the calculations by appropriate day removal or hourly 
adjustment.  

In this connection it is necessary that the quality of the historical information be 
analyzed prior to the identification of shapes of the curves. 

After these steps we can obtain an average shape of the curve for each type of a 
day of the month under review. 

In the case when several years of historical data are reviewed, the forms of curves 
are defined for each year separately and then they are averaged. 

Calculations of hourly load shapes for market participants for the planned 
period 

Currently only monthly volumes of electricity are being planned for each market 
participant. The task is to divide this one number in MWh into each hour of the month 
in MW.  
The main task will be to identify the weighted coefficients by each hour of the 
planned month. 
Based on the analysis of historical data we will obtain the average weight coefficients 
for all types of days for each hour  
 

    
∑    
 
   

∑   
 
   

(1) 

 

t– type of a day, t = 1, …..,f; 
f – number of typical days over the historical month; 
i- hour, i=1, ….,24; 
n – number of t-type days over the historical month; 
Kti–weighted coefficient for the hour i of the averaged load shape of the typical day t 
over the historical month; 
Eij– volume of electricity at hour i of the jth day of type t over the historical month; 
Ej – volume of electricity of the jth day of type t over the historical month 
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This does not mean that their direct application is possible for obtaining the weighted 
coefficients by each hour of the planned month due to the following reasons:  

 Different volumes of electricity for different typical days; 

 Different weekly volumes (for example due to weather factor); 

 Different number of typical days in the planned and retrospective months 

(calendar synchronization is needed). 

First of all we shall calculate the relation of the electricity volume between the typical 
days. For this we shall calculate the aggregate electricity volume of typical days in 
the historical period, and then divide it into the number of days of that type. As a 
result we will get the average volume of electricity by each type of a day.   

Then we shall define the “daily coefficients” as a ratio of the historical electricity 
volume of each typical day to the first type of days.  
 

   
∑   
 
     

∑   
 
     

(2) 

Kt – daily coefficients of the relation between daily average volumes of electricity on 
typical days and the daily average volume over the first type of days of the historical 
month; 
t = 1, ….,f 
n – number of days of first type over the historical month; 
m – number of days on each type of day t over the historical month; 
Ej – daily volume of electricity over the jth day of the historical month 
 
The received average historical weighted coefficients by hours shall be multiplied by 
appropriate daily coefficients depending on the type of a day (for planning month).  

This will allow considering the difference between energies of the typical days, for 
example, between a Saturday and a working day. Thus, the weighted coefficients in 
per unit of various types of days become reduced to one base by electricity volume.  

Note: the sum of weighted coefficients by typical days, except for the working days, 
will not equal to 1.  

The changes of volumes by weeks should be also considered. For this reason a 
notion of “weekly coefficients” is used  

Considering that some of typical days (e.g. Saturday) are once in a week and may 
not give a clear tendency of a weekly change, as a weekly coefficient the ratio of an 
average day for the given week to the average day of the first week can be used 
(historical). 

   
∑    
 
     

∑      
 
   

(3) 

Kl - ratio of an average day for the given week to the average day of the first week 
   – Daily electricity volume for lthweek; 

a and b – number of days in lth and first week respectively 

How can one use the above mentioned coefficients for the planning period? 



 

HYDRO POWER AND ENERGY PLANNING PROJECT (HPEP)  

The portion of each hour in the volume of electricity for the planning month should be 
defined. 

The product of three corresponding coefficients for each day of the planning 
periodshould then be calculated.  

For example, if one assumes the first day of the planning period is Saturday, then Kti 
corresponding to the average Saturday for 24 hours shall be selected. Then these 
coefficients shall be multiplied by Kt (see above) representing the ratio of the 
average Saturday energy to the average working day energy over the retrospective 
month. 

Then this product shall be multiplied by a weekly coefficient Kl corresponding weekly 
coefficient shall be selected for planning day of month defined as a ratio of historical 
volume of electricity of average day of each week to 1th week.  

With this, all coefficients by each hour of the planning month Khare calculated. 

 

                       (4) 
 

h= 1, …….,d; 
d – number of hours in the planning month. 

The sum of these coefficients will not equal to the sum of days of the planning 
month, therefore to calculate the portion of each hour Ah in the energy of the 
planning month we should calculate the following:  

 

   
  

∑   
 
   

(5) 

 

These received coefficients   are final for the planned month by hours. 
 

Multiplying the planned monthly volume by the    the planned capacities for 
the whole month by hours are obtained.  

As a result we have same load shapes for t-type of days for each week (e.g. working 
days).  

In case of necessity to determined different curves for working days of the week 
(should be discussed from the perspective of further market development in terms of 
direct contracting), an additional mechanism of separation of weekly volumes by 
days could be applied, as a result of which each working day of the week will be 
similar by the shape of the curve, but different by the volume.  
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