
1 
 

 
 
 
 
 
 
 
 
 
 

 

Study on Standardization 
of Technical Data Required 
for Regional Power 
Interconnection & Power 
Trading 
 

February 2019 



2 
 

 
 
 
 

Abbreviations 
 

ADB Asian development Bank 
  

BERC Bangladesh Electricity Regulatory Authority 
  

CBET Cross Border Electricity Trade 
  

CERC Central Electricity Regulatory Commission 
  

DAM Day Ahead Market 
  

DISCOs Distribution Companies 
  

EMS Energy Management System 
  

FACTS Flexible Alternating Current Transmission System   
  

GENCOs Generating Companies 
  

ICT Information Communication technology 
  

IEGC Indian Electricity Grid Code 
  

IPP Independent Power Producer 
  

ISO Independent System Operator 
  

KEPCO Korean electric Power Company 
  

KPX Korean Power Exchange 
  

KWh Kilo Watt Hour 
  

MIT Massachusetts Institute of Technology 
  

MO Market Operator 
  

MWh Million Watt Hour 
  

NEA Nepal Electricity Authority 
  

NEPRA National Electricity Power Regulatory Authority 
  

NLDC National Load Dispatch Centre 
  

NTDC National Transmission & Dispatch Company 
  

OECD Organization for Economic Co-operation and Development 
  

PPA Preliminary Project Approval 
  

PPIAF Public Private Infrastructure Advisory Facility 
  

RERA Regional Electricity Regulatorsô Association of Southern Africa 
  

RLDC Regional Load Dispatch Centre 
  

SAARC South Asian Association for regional Cooperation 
  

SAPP South African Power Pool 
  

SCADA Supervisory Control and Data Acquisition 
  

SEC SAARC Energy Centre 
  

  



3 
 

 
 
 
 

SLDC State Load Dispatch Centre 
  

TAM Term Ahead Market 
  

TRANSCOs Transmission companies 
  

TSO Transmission System Operators 
  

WAPDA Pakistan Water & Power Development Authority. Pakistan Water and  Power Development Authority 
  

WB World Bank 
  

  



4 
 

 

Contents 
 
Executive Summary.............................................................................................................................. 7 

 
Introduction to the Study ..................................................................................................................... 8 

2.1 Background (Related to Framework Agreement, 2014) ......................................................... 8 

2.2 Objectives (Related to Framework Agreement, 2014) ......................................................... 10 

2.3 Scope .................................................................................................................................... 10 

2.4 Methodology ......................................................................................................................... 10 

2.5 Limitations ............................................................................................................................. 10 

 
Electricity Market ................................................................................................................................ 11 

3.1 Introduction ........................................................................................................................... 11 

3.2 Electricity Market and Participants ....................................................................................... 16 

3.3 Electricity Market Design, Models and Type of Electricity Market ........................................ 20 

3.4 Exchange of Data and Information ....................................................................................... 26 

3.5 Cross Border Power Interconnection .................................................................................... 28 

3.6 Summary of sectoral consumption of energy ....................................................................... 36 

    3.7        Financing Infrastructure Development.....ééééééééééééééééééééé.36 
 

Data and Information Exchange for Cross Border Electricity Trade  ........................................... 37 

4.1 Data and Information Exchange in SAARC Member States: ............................................... 37 

4.2 Data and Information Exchange between SAARC Member States ..................................... 60 

 
Best International Practices on Data and Information Exchange ................................................. 68 

5.1 South African Power Pool (SAPP) ........................................................................................ 68 

5.2 Korean Power Exchange Model ........................................................................................... 74 

5.3 Spanish Electricity Exchange Market ................................................................................... 79 

 
Proposal for Minimum Set of Standardized ..................................................................................... 87 

6.1 Data to be exchanged between operators for cross border links observable area .................. 87 

6.2 Data for Power Market/ Electricity exchange............................................................................ 91 

 
Recommendations and the Way Forward ........................................................................................ 93 

Bibliography......éééééééééééééééééééééééééééééééééééé.95  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



5 
 

 
 

Figures 
 

Figure 1: A schematic representation of electricity market participants...................................................................... 17 

Figure 2: Multi-Agent Simulator of Competitive Electricity Market multi-agent model ééééééééé............... 18 

Figure 3: The three channels through which DSOs facilitate markets  ééééééééé...................................... 18 

Figure 4: Monopoly of Electricity Market ééééééééééééééé.............................................................. 20 

Figure 5: Purchasing Agency Model of Electricity Based Integrated Version & Disaggregated Version.................... 21 

Figure 6: Wholesale Competition Model of Electricity Marketééééééééééé............................................. 22 

Figure 7: Retail competition model of electricity marketééééééééééééééééééééé.éééé... 23 

Figure 8: Different types of Electricity Marketéééééééééééééééééééééé.............................. 23 

Figure 9: Schematic diagram of operation of managed Spot Market for electricityé ................................................ 24 

Figure 10: Overview of the data system and data exchange éééééé..éééééé........................................ 26 

Figure 11: Cross-Border Interconnection Facilityéééééé.ééééééééé................................................ 28 

Figure 12: Energy consumption in Afghanistan in 2006 w.t Sectorééééé.éééééé.................................... 29 

Figure 13: Consumption of natural gas in Bangladesh in the sectorééééééééééé. ................................. 29 

Figure 14: Power consumption in Bangladesh in the sector é.................................................................................. 30 

Figure 15: Demand of Electricity in Bhutan in Sector................................................................................................. 30 

Figure 16: Commercial Energy Consumption in India in Sectoréééé..éééééééé.................................... 31 

Figure 17: Demand of Energy in Maldives in Sectoréééééééééé.............................................................. 32 

Figure 18: Energy Consumption in Nepal in Sectorééééééééé..................................................................... 33 

Figure 19: Consumption of Natural Gas of sector in Pakistan in 2006ééé.............................................................. 34 

Figure 20: Consumption of Power of Sector in Pakistan in 2006 ééééééééééé....................................... 35 

Figure 21: Energy Consumption in Sri Lanka in Sector  ééééééééééééé............................................. 35 

Figure 22: IEX Power Exchange Portfolio ééééééééééééééééééééééééé....................... 63 

Figure 23: IEX Contract Characteristic ééééééééééééééééééééé.......................................... 64 

Figure 24: IEX Market Place Functions éééééééééééééééééé.................................................... 65 

Figure 25: IEX Day Ahead Market (DAM) Trading Process ééééééééééééééé..ééééééé..... 65 

Figure 26: Korean Power Exchangeééééééééééééééééééééééééééé........................... 74 

Figure 27: Korean Power Exchange (KPX) Trading Procedure ééééééééééééééé.......................... 74 

Figure 28: Kore Korean Power Exchange (KPX) Electricity Market Trading Systemé.ééééé.......................... 75 

Figure 29: Korean Power Exchange (KPX) Power Trading System Configuration ééééééé.......................... 76 

Figure 30: Korean Power Exchange (KPX) Price Determination Procedure ééééé..éééé.......................... 77 

Figure 31: Korean Power Exchange (KPX) Power System Operation éé........éééééééé.......................... 78 

Figure 32: Spanish Electricity Exchange Market ïElectricity Production and Process  ééééé.......................... 79 

Figure 33: Agents in the Spanish Electricity Production Market ééééééééé...ééééé.......................... 80 

Figure 34: Daily Matching Algorithm in Spanish Electricity Exchange Market ééééééééé.......................... 80 

Figure 35: Spanish electricity Exchange Marketôs System Configuration  éééééééééé............................ 82 



6 
 

Tables: 
 
 

Table 1: Proportion of energy demands met by different sources of electricity in SAARC member states .................. 09 

Table 2: Resource Funding of SAARC countries ' neighbors é................................................................................... 09 
 

09 

Table 3: Data format for Planning Purpose, Cross border Intersection, Electricity Market Operation and Grid 

Operation éééééééééééééééééééééééééé...................................................................... 27 

Table 4: System planning data ééééééééééééééééééééééé................................................ 39 

Table 5: Operational planning data ééééé.......................................................................................................... 40 

Table 6: Technical Information of Asian Region éééééééééééééééééé ...................................... 59 

Table 7: Joint Venture-Model between Public Sector Undertakings of the two Countries  ......................................... 61 

Table 8: Data format for Registration in market information system éééééééééééé............................... 91 

Table 9: Data format for bidding ééééééééééééééééééééééééééééé......................... 92 



7 
 

1  Executive Summary 
 
 
The South Asian Association for Regional Cooperation (SAARC) includes the members Afghanistan, Bangladesh, 

Bhutan, India, Maldives, Nepal, Pakistan and Sri Lanka. On Nov 27, 2014 an agreement was signed between these 

countries for Energy Cooperation (Electricity). Objective of the agreement is to allow cross border trade of electricity 

on voluntary basis while fulfilling the rules and regulations of respective members. Member States can share and 

update technical data and information on the electricity sector in an approved template. It is necessary that before 

updating and sharing such data, consensus on nature and amount of data is identified and the concerned Member 

state also agreed upon it.  

 

Exchange of information and data are necessary before the physical exchange of electricity and its services among 

industry members across the supply chain. Furthermore, the collection of data, its processing, storing and exchanging 

would be totally decentralized. All industry partners i.e. generators, distributers, consumers and retailers must collect 

and produce data just like daily activity. While trading electricity it is necessary for both countries to share technical 

data on generation and transmission aspects related to bilateral or multilateral cross border power trade. Regional 

generation capability and transmission planning must be kept in mind during import and export of electricity. 

 

SAARC members are on different stages in electricity market. India lies in most advance stage while Pakistan, Sri 

Lanka and Bangladesh lies in developing stage and other lies in primitive stages. The grid code of electricity, laws, 

rules and regulation defined the information and data for planning, trade and operation of the system. Grid codes of 

SAARC member states defined the format for necessary data and information to be exchanged but no code had 

defined for bilateral or regional power trade purposes. 

 

Code synchronization regarding standard template for information and data is necessary for economic, efficient, safe 

and reliable electricity trade in bilateral and regional level. Consequently, this study is aimed for initiating development 

of minimum set of standard data template for implementation of the SAARC agreement and promotes regional 

electricity trade in South Asia. This study had overviewed the existing format of data exchanging in internal and 

bilateral trade among SAARC member states. Moreover, It also covered best practices of data and information 

exchange practices outside SAARC region like Southern African Power Pool (SAPP), Spanish Power Exchange 

Market Operator and Korea Exchange Market. Proper market design and essential data must be defined for 

establishment of South Asia Regional Power exchange Market. Study has recommended minimum set of standard 

Data and information needed at interconnection for scheduling, metering, accounting and billing of electricity 
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2  Introduction 
 

 

2.1  Background (Related to Framework Agreement, 2014) 
 
The SAARC (South Asian Association for Regional Cooperation) Member States, specifically Afghanistan, 

Bangladesh, Bhutan, India, Maldives, Nepal, Asian nation and Sri Lanka had signed SAARC Framework Agreement 

for Energy Cooperation (Electricity) dated on 27th Nov 2014. Objective of the agreement is to modify cross border 

trade of electricity on voluntary basis subject to laws, rules and laws of various member States and supported 

bilateral/ trilateral/mutual agreements between the involved member states. 

 

The agreement recognized electricity as a vital product for promoting economic process and betterment of life and 

emphasized the necessity to push regional power trade, energy potency, energy conservation and development of 

labeling and standardization of appliances and sharing of information. 

 

For increasing economic cooperation and making new opportunities in electricity sector, framework agreement had 

been signed for Cross Border Electricity Trade (CBET) and Exchange of Power among the SAARC member states 

that may result in optimum utilization of regional electricity generating resources, increased grid security, and 

electricity trade arising from diversity in peak demand and differences due to the season. 

 

The framework agreement carries the spirit of commonness and mutual cooperation and subject to laws, rules and 

international obligations of the Member states. It includes Responsibilities and Taxes Freedom, Data Updating and 

Sharing Promoting completion, Planning of Cross Border Inter Connection, Build Operate and Maintain, 

Transmission Service Agreement, Electricity Grid Protection, System Operation and Settlement Mechanism, 

Transmission Access, Facilitating Buying and Selling Entities, Knowledge sharing and Joint Research in Electricity 

Sector, Regulatory Mechanism and as well Dispute Settlement. 

 

Bangladesh, Bhutan, India and Nepal have approved the framework agreement. Other countries are on their way to 

approval. The SAARC Energy Center (SEC) is regional excellence in this sector and this study is proposed to facilitate 

the agreement's implementation. According to article 5 it is clear that prior to the updating and sharing of such data, 

consensus on the nature and frequency of the data is identified and agreed by the Member States concerned. 

The exchange of data and information is a prerequisite for the physical exchange of electricity and the exchange of 

electricity services among industry participants throughout the supply chain. The data system is usually largely 

decentralized in the way data is collected, processed, stored and exchanged. All participants in the industry, such as 

retailers, large consumers, generators and distributors, collect and produce data on a daily basis. Exporting and 

importing countries must share technical data on generation and transmission aspects associated with the cross-

border bilateral / multilateral trade in power. 

 

The source of electricity generation in different SAARC Member States is different. Bhutan and Nepal have a hydro-

dominated system, Bangladesh and India have a system of natural gas and coal and Sri Lanka and Pakistan have 

mixed system The following information is shown in detail in Table 1 below. The internal electricity market in SAARC 

Member States is at different stages. India is on an advanced stage, while Pakistan, Sri Lanka and Bangladesh are 

on developed stage and rest are in initial stages. The electricity grid code and other electricity laws, rules and 

regulations defined the exchange of information and data. Code harmonization with the standard information and 

data template is mandatory for the economic, efficient, safe and reliable trade in electricity at bilateral / sub - regional 

and regional levels. This in-house study is therefore intended to initiate the development of a minimum set of standard 

data set templates for the smooth implementation of the SAARC Framework Agreement and to promote regional 

trade in electricity in South Asia. 
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Table 1: Proportion of energy demands met by different sources of electricity in SAARC member states 

 

Electricity Generation Sources 

SAARC 
Member 

State 

Hydro-
electric 
power 

Oil Coal Thermal 
energy 

Natural 
gas 

Biofuel 
and 

Waste 

Nuclear 
Energy 

Renewable 
Energy 

Bhutan 99% 1% - - - - - - 
Nepal 93% - - 6.9% - - - 0.1% 

Bangladesh 57% 17% 3% - - 22.9% - 0.1% 
India 0.09% 5.48% 80.35% - 12.74% - - 1.34% 

Sri Lanka 35% 15% 22% 16% - - - 12% 
Pakistan 29% 35.2% - - 29% - 5.8% - 

 

 

 

 

Below table-2 shows the resources of SAARC countries in which details of all resources, electricity production and 

reservation from these resources is given. It highlights neighboring countries ' resource potential, such as Myanmar, 

Kazakhstan, Turkmenistan, Uzbekistan and Iran. These countries have reserves of fossil fuels, while Central Asian 

Republics such as Tajikistan and Kyrgyz Republic have considerable export potential for hydropower. 

 
 
 

Table 2: Resource Funding of SAARC countries ' neighbors  
 
  Coal Oil Natural Gas Hydro Power 
      

 Tajikistan 
Negligible  

endowment 
Negligible 

endowment 

Reserves: 
3.6 billion tons 

Production: 
32,000 tons (2002) 

Potential:  
40,000 MW 
Developed: 

4000 MW 

 Kyrgyz Republic 

Reserves: 
0.8 billion tons 

Production: 
400,000 tons (2003 

Negligible 
endowment 

Negligible 
endowment  

Potential: 
26,000 MW 
Developed: 

3000 MW 
      

 Uzbekistan 

Reserves: 
4 billion tons 
Production:  

2.8 million tons 

Reserves: 
594 million bbl. 

Production: 
150,000 bbl/day 

Reserves: 
66.2 tcf 

Production: 
2.07 tcf/year  

Potential: 
Modest  

Developed: 
1700 MW 

 Kazakhstan 

Reserves: 
37.5 billion tons 

Production: 
95 million tons (2004 

Reserves: 
29 billion bbl 
Production: 

1.3 million bbl/day 

Reserves: 
65 to 70 Trillion 
Cubic feet (tcf) 

Production: 
0.570 tcf/yr 

Potential: 
20,000 MW 
Developed: 

2000 MW 

      

 Turkmenistan 

Reserves: 
546 million bbl. 

Production: 
260,000 bbl/day 

Reserves: 
71 tcf 

Production: 
2.1 tcf/year  

Negligible 
endowment  

Potential: 
Modest 

 Iran 

Reserves: 
461million tons 

Production: 
1.1 million tons 

Reserves: 
132.5 billion bbl 

Production: 
4.2million bbl  

Reserves: 
971 tcf 

Production: 
3.5 tcf/year  

Potential: 
42,000 MW 
Developed: 

2000 MW 
      

 Myanmar 

Reserves: 
Modest  

Production: 
Modest 

Reserves: 
3.2 billion bbl 

Production: 
7.3 million bbl 

(During 11 months 
 of 2005-2006) 

Reserves: 
18 tcf 

Probable: 
89.7 tcf 

Production: 
362 bcf (10.53 bcm) 

Exports: 
0.28 tcf (8.06 bcm ) 
(During 11 months  

of 2005-2006) 

Potential: 
39,720 MW 
Developed: 

747 MW 
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2.2  Objectives (Related to Framework Agreement, 2014) 
 
The main objective of this in-house study is to define a set of minimum / vital / standard data and information for 
SAARC Regional Power Interconnections and Power Trading through the facilitation and implementation of the 
Energy Cooperation Framework Agreement.  
 

 

2.3  Scope 
 
The study report may cover, but not limited to, regional as well as international data pertaining to cross border 
electricity trade to be shared among the power exporting and importing Member States including existing 
generation facilities, transmission network, generation additions and transmission developments. 
 
 

2.4  Methodology adopted in the study 
 
This task shall be undertaken in-house and reviewed internally by the SEC; relevant data / template corresponding 

to the bilateral trade in power in South Asia collected and reviewed  if available and accessible, Relevant data / 

template for international practices (regional / cross ï border electricity trade in regions other than South Asia) 

collected and reviewed, draft report / data template shall be prepared on the basis of data collected and reviewed 

from SAARC and international practices, For comments and suggestions, the developed set of standard technical 

data and information will be shared between the Member States  

 

 
 

2.5  Limitations 
 
This study is based on publicly available policies, rules, regulations, grid codes, SAARC operating rules and the rest 

of the world.
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3 Electricity Market 
 

 

3.1 Introduction 
 
The region of South Asian including Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan and Sri 

Lanka consists of almost 1.7 billion people which are one-quarter of worldôs population. Regardless of having huge 

population the region is still considerably lags in human development catalogs and economics. Less power 

generation and grid connected supply are taken as the two main hindrances. All SAARC members are hoping to 

become fully developed countries in the mid of current century. To achieve this goal ñsustainable development goalsò 

(SDGs) and fast economic development are two main requirements. Currently the entire region of South Asia is 

facing energy deficiency problem. They need secured energy and power generation, distribution and supply. The 

present installed power generation capacity of all South Asian members is shown in Fig.1. It varies significantly 

nation to nation in South Asia as seen in this figure. The power generation of Maldives is totally based on fossil fuel 

while hydro based power generation s used in Bhutan and Nepal. Natural gas is primary energy for Bangladesh 

while Coal predominantly is for India. 

 

Generally reductions of energy price and energy consumption are two ways to reduce the energy cost. Due to 

increased needs it is still difficult to reduce consumption of energy, so the energy conservation is not suitable to this 

problem. Therefore the main focus is now on energy price and power that customers pay. Due to complexity of 

procurement process there is a need of Power exchange through which both buyers and producers can get benefits. 

In Power exchange hub the market price is determined on the basis of requirement and supply. The importance of 

power trading through exchange has grown much rapidly in Europe due to increasing demand of energy 

consumption. To fulfill the energy deficiencies of South Asian nations they initialize an interconnected power system 

concept and this study is based on that what is the minimum Set of Standardized Technical Data Required for 

Regional Power Interconnections and Regional Power Trading. 

 

 

 

 

 
 
 
 
 

 

Coal, 61%

Gas, 8%

Hyrdo, 15%

Nuclear, 2%

Others, 14%

INDIA
(277,710 MW) 
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3.2  Electricity Market and Participants 
 
This section includes various important factors which are discussed as follows 

 

3.2.1  Competitive Power Market: Objectives & Scope 
 
For most of the twentieth century, consumers had to purchase electricity; they had to purchase electricity from utilities 

that had the monopoly and no other option. Utility organizations were integrated vertically i.e. responsible for 

generating and transmitting electrical energy from power plants to load centers and distributing it to house - to - house 

consumers. 

 

Consumers have choices in the open electricity market and buyers and sellers can trade according to the market 

principle, i.e. Demand and supply law. The electricity market, integrated regionally, creates economic and financial 

benefits. 

 
3.2.1.1  Economic Factors/Benefits 
 
 
¶ Large economies of the region have the greatest shortages looming from which resource rich countries can 

get benefit. 
 

¶ Larger unit sizes are more efficient generation capacity 
 
¶ Load shapes and time differences can be effectively utilized 

  
¶ Intermittent resources will be supported 

 
¶ Interconnections unlikely to be expensive in relative terms 

 
¶ Hydro dominated nations (particularly Bhutan, Nepal) will gain from thermal power in lean seasons and 

peak hours 
 
¶ The markets will help utilize the power when the economic value is the highest 

 
 
 
 
3.2.1.2  Investment Factors 
 
 

¶ Markets create a mechanism to address governance issues replaces dog capacity procurement decisions 
 

¶ Market access attract private capital on much larger scale. 
 

¶ Transparent market pricing mechanism provide an effective reference 
  

¶ Renewable energy resources can be harnessed 
 
 
Major objective of competitive electricity market national/bilateral/trilateral/sub regional/regional is to create 

opportunity for investor to recover their cost and enjoy benefits and provide consumers safe, reliable, quality electricity 

supply at most economic tariff.
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3.2.2 Market Participants, Roles and Responsibilities 
 
Market Participants and Market Facilitators are major drivers/actors of electricity market. Producers (Generators), 

Traders, Suppliers (retailer, marketer, load-serving entity etc.) and Consumers are the participants of Electricity 

Market. Transmission System Operators, Market Operators and Distribution System Operators are facilitators of 

Electricity Market. 

 

Roles and responsibilities of actors of electricity market are highlighted below: 

 

3.2.2.1  Electricity Market participants: 
 
Transmission network moves the electricity from the power stations to the distribution networks. When the electricity 

reaches the distribution networks, it passes through substations, which use transformers to lower the voltage of the 

electricity ready to deliver for every use. 

 

 
Figure 1. A schematic representation of electricity market participants 

 

Electricity is produced by power plants using various renewable energy sources (e.g. water, wind power, solar 

power) and non-renewable sources (coal, oil, gas, nuclear power). Market opening allows consumers to be supplied 

with electricity with respect to the type of electricity production and used energy source. Environmentally conscious 

consumers can choose electricity produced in an environmentally friendly way, from renewable sources, or in 

combined heat and power generation plants. 

 

The tasks of the electricity TSO is carried out by the TRANSCOs. High-voltage network that includes 400, 220 and 

110 kV transmission lines provides reliable and quality supply of electricity to large consumers and distribution 

companies. These companies performs the tasks related to maintenance, development and construction of the 

transmission network, managing and operating the transmission network and the provision of ancillary services. 

 

The distribution networks are operated by the company DISCOs. Distribution networks include electricity lines and 

utilities at low voltage level (0.4 kV), medium-level (10, 20 and 35 kV) and in some case on high-voltage level (110 

kV). 

 

 

3.2.2.2  Generating Companies (GENCOs) 
 
They are responsible for Production and selling electrical energy. They provide sell services such as regulation, 

voltage control and reserve that the system operator and maintain the quality and security of the electricity supply. 

 

3.2.2.2.1  Transmission System Operators: 
 
Transmission System Operators (TSOs) are responsible for the transmission grid and all involved technical 

constraints. Every contract established, either through Bilateral Contracts or through the pool, must first be 

communicated to the TSOs, who analyses its technical feasibility from power system point of view (e.g feasibility of 

power flow to address all needs). Refer to figure for more details below 
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Figure 2. Multi-Agent Simulator of Competitive Electricity Market multi-agent model 

 

 
3.2.2.2.2  Market Operators: 
 
Market Operators are usually responsible for pool mechanisms. They will receive bids from sellers, buyers and 

traders, analyze them and establish the marginal price and accepted bids. The process of determining accepting 

bids is done according to technical validation by the system operator, after, the market operator communicates to 

sellers, buyers, and traders the acceptance, or not, of their bids and optionally, the market price. 

 

 

3.2.2.2.3  Distribution System Operators: 
 
Distribution System Operators (DSOs) are responsible to ñmaintain a secure, reliable and efficient electricity 

distribution systemò not to participate in the retail market by ñdiscriminating between systems users or classes of 

system users, particularly in favor of its related undertakings. Accordingly, DSOsô role is to facilitate the market, 

not participate in it. This is especially valid when managing metering, providing information to market participants 

and smoothing the process of changing supplier. 

 

 
Figure 3. The three channels through which DSOs facilitate markets 
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3.2.2.3  Generating Companies (GENCOs) 
 
They are responsible for Production and selling electrical energy. They provide sell services such as regulation, 

voltage control and reserve that the system operator and maintain the quality and security of the electricity supply. 

 
 
  
3.2.2.4  Distribution Companies (DISCOs) 
   
They own and operate distribution networks. They have a monopoly for the sale of electrical energy to all consumers 

connected to their network (in traditional environment). Sale of energy to consumers is decoupled from the operation, 

maintenance and development of the distribution network (in fully regulated environment) and retailers compete to 

perform this energy sale activity and may be a subsidiary of the local distribution company. 

 
 
 

3.2.2.5  Retailers 
   
They buy electrical energy on the wholesale market and resell it to consumers. Retailers are not allowed to 

participate in this wholesale market and do not have to own any power generation, transmission or distribution 

assets. 

 
 
 
3.2.2.6  Market Operators (MO) 
   
They typically runs a computer system that matches the bids and offers that buyers and sellers of electrical energy 

have submitted. MO shall take care of the settlement of the accepted bids and offers and forwards payments from 

buyers to sellers following delivery of the energy. 

 
 
 
3.2.2.7  Independent System Operators (ISO) 
   
Their primary responsibility is to maintain the security of the power system. In a competitive environment, the system 

must be operated in an independent manner that does not favor or penalize one market participant over another. 

ISO normally own only the computing and communications assets required to monitor and control the power system. 

 
 
 
3.2.2.8 Transmission Companies (TRANSCOs) 
   
They own transmission assets such as lines, cables, transformers and reactive compensation devices and operate 

this equipment according to the instructions of the independent system operator. 

 

 

3.2.2.9  Regulator 
   
The regulator is the governmental body responsible for ensuring the fair and efficient operation of the electricity 

sector. Regulators determines or approves the rules of the electricity market and investigates suspected cases of 

abuse of market power and sets the prices for the products and services that are provided by monopolies. 

 

 
 
3.2.2.10  Small Consumers 
   
They buy electrical energy from a retailer and lease a connection to the power system from their local distribution 

company. 
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3.2.2.11  Large Consumers 
   
They will often take an active role in electricity markets by buying their electrical energy directly through the market. 

Some of them may offer their ability to control their load as a resource that the ISO can use to control the system 

and may be connected directly to the transmission system. 

 
 
 

 

3.3  Electricity Market Design, Models and Type of Electricity Market 
 
 

3.3.1  Design and Models of Power Market 
 
Depending upon roles and responsibilities of market players i.e. generation, transmission, distribution, trader 

companies, consumers, regulator and pricing mechanism, Power Market may be categorized as Monopoly, 

Purchasing Agency, Wholesale competition and Retail competition 

 

Model-1 Monopoly 

 

The Monopoly model, which is shown in Figure 1, corresponds to the traditional monopoly utility. Sub model (a) 

corresponds to the case where the utility integrates the generation, transmission and distribution of electricity. In 

sub model (b), generation and transmission are handled by one utility, which sells the energy to local monopoly 

distribution companies 

 

 

 

Figure 4. Monopoly of Electricity Market. 

Sub model (a) Completely Vertically Integrated  

Sub model (b) distribution is handled by one or more than one companies 
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Model-2 Purchasing Agency 

 

Utility may be designated as power purchasing agency from generation companies. Figure 2-2 shows a possible 

first step toward the introduction of competition in the electricity supply industry. 

 

 

Figure 5. Purchasing Agency Model of Electricity Based 

 Integrated Version & Disaggregated Version 

 

 

In the integrated Version of Purchasing Agency of electricity market as shown in Fig 2(a), generation units are 

separated from the integrated utility. Utility that acts as a purchasing agent and Independent power producers (IPP) 

are connected to the network and sell their output to the utility 

 

In the disaggregated version of Purchasing Agency of electricity market as shown in Fig 2(b), shows further evolution 

of this model where utility purchases all its energy from the IPPs and the utility no longer owns any generation 

capacity. The distribution and retail activities are also disaggregated from the utility. Discos then purchase the energy 

consumed by their customers from the wholesale purchasing agency and the rates set by the purchasing agency 

regulated by regulator in order to control monopoly power over the discos and monopsony power toward the IPPs. 

 

This model has the advantage of introducing some competition between generators without the expense of setting 

up a competitive market as in the more complex models. 
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Model-3 Wholesale Competition 

 

In the wholesale Competition model, which is shown in Figure 2-3, no central organization is responsible for the 

provision of electrical energy. Instead purchase the electrical energy consumed by their customers directly from 

generating companies. These transactions take place in a wholesale electricity market. 

 

 

 

 

Figure 6. Wholesale Competition Model of Electricity Market 

 

 

This wholesale market can take practically in the form of a pool or of bilateral transactions. The operation of the spot 

market, and the operation of the transmission network are remained centralized and Generation, Transmission and 

distribution are separated. At the retail level, the system remains as centralized and discos purchases electrical 

energy on behalf of the consumers located in its service territory and operates the distribution network. This model 

is considerably more competitive for the generating companies because the wholesale price is determined by the 

law of supply and demand. Big consumer can directly purchase electricity form wholesale market and for welfare of 

small consumers, the retail price of electrical energy must remain regulated because they cannot choose a competing 

supplier. 

 

 

Model-4 Retail Competition 

 

Figure 2-4 explains the ultimate form of competitive electricity market in which all consumers can choose their 

supplier.  

 

In this model, the ñwiresò activities of the distribution companies are normally separated from their retail activities 

and they no longer have a local monopoly for the supply of electrical energy in the area covered by their network.  

In Purchasing Agency model of electricity market, the largest consumers choose to purchase energy directly on the 

wholesale market and small and medium consumers purchase it from retailers, who in turn buy it in the wholesale 

market. Once sufficiently competitive markets have been established, energy prices are set through market 

interactions and the retail price no longer has to be regulated. Implementing this model, however, requires 

considerable amounts of metering, communication and data processing. 
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Figure 7. Retail competition model of electricity market 

 

In this model, regulation is mandatory for operation of the transmission and distribution network and the cost of the 

transmission and distribution networks is still charged to all their users as per approved the regulatory authority. 

 

 

3.3.2  Types of Markets 
 
Power markets are a mechanism established for matching the supply and the demand for electricity through the 

discovery of an equilibrium price.  For Power market operation, it is to agree on the quality, quantity and price of the 

goods, three other important matters must be decided when a buyer and a seller arrange a trade are time and date 

of delivery, mode of settlement (Technical and Financial) and any attached conditions related to transaction. Roles 

of Buyers and sellers to settle these matters will define the type of contract that they conclude and hence the type 

of market in which they participate.  

 

 
Figure 8. Different types of Electricity Market 
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3.3.2.1 Spot market 
 
In a spot market, the seller delivers the power immediately to the buyer and the buyer pays for them ñon the spotò 

and subjected not any conditions attached to the delivery. Seller can sell exactly the amount as available and buyer 

can purchase exactly the amount needed. Prices in a spot market tend to change quickly and a sudden increase in 

demand (or a drop in production) sends the price soaring because the stock of goods available for immediate delivery 

may be limited.  Similarly, excess in production or fall in demand depresses the price. Spot markets also react to 

news about the future availability of a power and changes in the spot price are essentially unpredictable otherwise 

the market participants would anticipate them. 

 

 

 

Figure 9. Schematic diagram of operation of managed Spot Market for electricity 

 

 

3.3.2.2 Forward Contracts and Forward Markets 
 
This forward contract specifies quantity and quality of what to be delivered, date of delivery, date of payment following 

delivery, penalties if either party fails to honor its commitment and price to be paid 

 

 

3.3.2.3 Future Contracts and Futures Markets 
 
In a perfect competitive market all participants act as price takers and perfect completion ensures that the marginal 

cost of production is equal to the marginal value of the goods to the consumers. Such a situation encourages efficient 

behavior on both supply and demand sides and these interactions progressively lead to an equilibrium in which the 

price clears the market, that is, the supply is equal to the demand. For trading electrical energy according to this free-

market ideal, the equilibrium between the production and the consumption of electrical energy should be set through 

the direct interaction of buyers and sellers. 
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3.3.2.4 Open Electrical Energy Markets 
 

3.3.2.4.1  Bilateral trading 
 
Bilateral trading involves only in between two parties a buyer and a seller. Participants thus enter into bilateral 

contracts without any involvement, interference or facilitation from a third party.   

 
 

3.3.2.4.2  Customized long-term contracts 
 
The terms of such contracts are flexible since they are negotiated privately to meet the needs and objectives of both 

parties. They usually involve the sale of large amounts of power over long periods of time several months to several 

years.  

 
 

3.3.2.4.3  Trading ñover the counterò 
 
These transactions involve smaller amounts of energy to be delivered according to a standard profile, that is, a 

standardized definition that explains how much energy should be delivered during different periods of the day and 

week. 

 

 
3.3.2.4.4  Electronic trading 

 
Participants offer their bids to buy energy and bids to sell energy directly in a computerized marketplace. All market 

participants can observe the quantities and prices submitted but do not know the identity of the party that submitted 

each bid or offer. 

 

 

3.3.2.4.5  Electricity pools 
 
Electricity pool avoids relying on repeated interactions between suppliers and consumers to reach the market 

equilibrium; a pool provides a mechanism for determining this equilibrium in a systematic way.  

 

Price is determined as per rule of demand- supply. Intersection of demand curve and supply curve will determine 

the clearing price. All the bids submitted at a price lower than or equal to the market clearing price are accepted and 

generators are instructed to produce the amount of energy corresponding to their accepted bids. 
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3.4  Exchange of Data and Information 
 
The electricity industry and electricity markets collects, process, store and exchange significant volumes of data each 

day. The data is essential for the physical exchange of electricity and electricity services between industry participants 

across the supply chain. 

 

 
Figure 10. Overview of the data system and data exchange 

 
 
 
The data system should be designed and developed in a defined way. Data is collected, processed, stored and 

exchangedðis largely decentralized. All industry participants, such as retailers, large consumers, generators and 

distributors, each collect and produce data as part of their everyday activities. They must also exchange data between 

themselves and through market operator to enable transactions between participants. The Market Operator provides 

the platform for the electricity market and the exchange of electricity services between participants 

 
Robust mechanism for exchange of data and information is mandatory for electricity trade market and data and data 

exchange arrangements may be required to: 

 

¶ Promote innovation and more participation in the electricity industry 
 

¶ Promote competition and efficient operation of the electricity industry for the long-term benefit of consumers 
 

¶ Ensure that participants pay or are paid the correct amount for the electricity and electricity services they 
use and produce 

  

¶ Reduce barriers to entry and making it easy for parties to enter and operate in the electricity industry 
 

¶ Reduce the transactions costs of industry arrangements and working in a well-organized manner 
 

¶ Use of more standardized approaches promotes competition and efficiency by reducing the cost of doing 
business 

 

¶ Enable mass participation and multiple trading relationships
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More standardization of formats and processes, in particular, would minimize barriers to entry by making it easier to 

interface with other participants in the data system. Standard set of data to be exchanged in electricity trade upon 

type of electricity market. Electricity Market operation guideline defines set of data and information, frequency, 

utilization and protection of data and information. 

 

Article 5 Data updating and sharing Member of SFAEC (Electricity) highlighted that SAARC states may share and 

update technical data and information on the electricity sector in an agreed template. Article 7 suggests to plan the 

cross-border grid interconnections through bilateral/trilateral/mutual agreements between the concerned states 

based on the needs of the trade in the foreseeable future through studies and sharing technical information required. 

Articles 9, 10 and 11 described Transmission Service Agreements, Electricity Grid Protection and System Operation 

and Settlement Mechanism respectively. For planning purposes and coordinated procedures for the secure and 

reliable operation of the inter-connected grids and to prepare scheduling, dispatch, energy accounting and settlement 

procedures for cross border trade standardized templates for minimum data set to be shared is mandatory and is 

mentioned in table 2-1. 

 

 
Table 3: Data format for Planning Purpose, Cross border Intersection, Electricity Market Operation and Grid Operation  

 

 Planning Purpose 
Cross-Border 
Intersection 

      Electricity 
Market Operation 

 
Grid Operation 

     

 Load Data Structural data 
Buyers, Sellers, 

Traders registration 
Capacity Available 

 
Existing Imports/ 

Exports Scheduled Data 
Data for Bid from 

Seller 
Bid Data from Buyers 

and sellers 
     

 
Existing base and 
peak hydro data Fore Casting Data 

Data for Bid from 
Buyer 

Selection of 
potential/viable bids 

 Existing thermal data 
 

Real time data Data of Matching 

Others (Voltage, 
frequency, incident 
record and outage 

planning) 
     

 
Committed and future 

system 
Individual instruction 

by operators 
Data for Market 

Trend 
 

   
Data for Scheduling 
and load settlement 

 

     

   
Data for Financial 

Settlement 
 

   Metering Data 
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3.5  Cross Border Power Interconnection 
 
A cross-border interconnection facility basically allows electric power to be interchanged between two or more 

national power grids and such facility comprises transmission line and ancillary facilities like switchgears, and control 

and protection equipment etc. in the adjacent substations or elsewhere in the national power grids to be connected. 

The operability of the interconnected national power grids depends on technical properties and on decisions the 

responsible transmission system operators (TSOs) need to take on key nontechnical issues. TSOs perform a number 

of key functions in real-time, including (i) Monitoring, control, and coordination of operations and (ii) Scheduling and 

settlement of energy exchanges between national power grids. Transmission System Operators of both countries 

rely on real-time data processing hardware and software systems, comprising supervisory control and data 

acquisition (SCADA) and energy management system (EMS). Fig 2-8 represents the model of cross border 

interconnection facility 
 
 
 

 
Figure 11. Cross-Border Interconnection Facility 

 
 
 

In order to better understand the extent of dependence on imports and the inadequacy to electricity shortages, the 

market- wise power demand on a country- by- country basis must be examined. 

 

 
3.5.1  Afghanistan  

 
Figure 9 shows the sector- wise energy consumption of the estimated total energy consumption of 4.8 mtoe in 

Afghanistan in 2006. The transport industry accounts for the greatest share of commercial energy consumption. In 

the industrial sector, only 10 percent of energy was consumed in 2006 because of the low level of industrial activity. 

The energy consumption of the agriculture sector is insufficient and not sufficiently reported 
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Figure 12. Energy consumption in Afghanistan in 2006 w.t Sector 

 

 

 

3.5.2  Bangladesh  
 
Natural gas is Bangladesh's main source of commercial energy. The power and fertilizer industries in Bangladesh 

are the biggest consumers of natural gas. In 2006/07, electricity, fertilizer, industry, domestic and captive energy 

consumed 41 percent, 17 percent, 15 percent, 12 percent and 12 percent respectively of natural gas. Figure 10 

shows the sectorial use of natural gas for more than a decade in a million toe. 

 

 

Figure 13. Consumption of natural gas in Bangladesh in the sector 
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Above in Figure 10 shows that although the power sector was the main consumer of natural gas, the demand for 

gas is increasing significantly in the industrial, captive and domestic sectors. Since the electricity sector consumes 

a large part of the gas, it is important to analyze Bangladesh's sector- wise energy consumption. The main 

consumers are industry and household sectors, accounting for 44% and 42% of the electricity consumed in 

Bangladesh (2006). Figure 11 shows the use of power in a sector over a decade. 

 

 

 

Figure 14. Power consumption in Bangladesh in the sector  

 

 

 

3.5.3  Bhutan 
 
Figure 12 shows the growth pattern of Bhutan's sector- wise demand for electricity 

 

 
Figure 15 .Demand of Electricity in Bhutan in Sector 

 

 



31 
 

Commercial energy is largely used in Bhutan in the form of electricity. The electricity sector is expected to see an 

average growth rate of about 8 percent in 2008- 2020 and the industrial sector will continue to be the biggest 

consumer of electricity. 

 

 

3.5.4  India  
 
The industrial, transport and household sectors account for the greatest share of energy consumption in India. Figure 

13 shows a breakdown in the commercial energy consumption of fuel wise. 

 

 

Figure 16. Commercial Energy Consumption in India in Sector  

 

 

Traditional sources cover most of the domestic demand for energy in rural areas, where fuel wood and biomass are 

widely used; LPG and electricity are mainly used in urban areas. 

 

 

3.5.5  Maldives  
 
In Maldives, energy is used primarily in the form of diesel, biomass, LPG and kerosene. In view of the sectorial 

breakdown of the total energy consumption in Maldives, it is observed that the household sector alone accounts for 

over 50% of the total energy demand. Figure 14 shows the increase in the share of energy demand in Maldives in 

various sectors from 2003 to 2005. The figure shows the domination of the household industry in the country's 

energy consumption. Other sectors, such as production and public use, have steadily increased over the years, but 

the demand for energy from government buildings has declined. 
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Figure 17. Demand of Energy in Maldives in Sector 

 

 

Diesel is the main source of energy in Maldives, accounting for approximately 78% of the commercial energy 

consumption between 2003 and 2005. In 2005, household and manufacturing sectors accounted for around 50% 

and 28% of total diesel demand. 

 

 

3.5.6  Nepal  
 
Traditional fuels dominate Nepal's overall energy consumption, accounting for around 87 percent of the total fuel 

type energy consumption in 2006. The household sector accounts for the large share of total energy consumption, 

but the share of the domestic sector fell from 91.7% in 1996 to 89.2%. 
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Figure 18. Energy Consumption in Nepal in Sector 

 

 

In 2006, industrial, commercial, transport, agriculture and others accounted for 4.5%, 1.5%, 3.7%, 0.8% and 0.2% 

of energy consumption, respectively. Figure 15 shows the increase in energy consumption ( in million toe) in various 

sectors over the course of the decade 1996 to 2006. 

 

 

3.5.7  Pakistan  
 
Natural gas is Pakistan's main commercial fuel. Natural gas consumption in the sector is governed by the Federal 

Government's allocation. The priority order is: the domestic, fertilizer, power and general industries. In 2006, the 

power sector was the largest gas user with 9.98 mtoe consumption, followed by industry 6.16 mtoe, domestic with 

4.00 mtoe and fertilizer with 3.03 mtoe. Other users include 0.91 mtoe transport (CNG), 0.84 mtoe fertilizer ( as fuel), 

0.69 mtoe, 0.36 mtoe steel and 0.36 mtoe cement. Figure 16 shows the sectorial use of natural gas in Pakistan in 

2006. 
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Figure 19. Consumption of Natural Gas of sector in Pakistan in 2006 

 

Since the electricity sector is the main consumer of natural gas, it is essential to analyze the sector's wise power 

consumption. It is noted here that the domestic sector was the largest electricity user with a consumption of 2.5 

mtoe, followed by industry with 1.61 mtoe in 2006. Figure 17 shows the sector- wise power consumption in Pakistan 

in 2006. 
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Figure 20. Consumption of Power of Sector in Pakistan in 2006 

 

 

3.5.8  Sri Lanka  
 
The energy demand for end use in Sri Lanka consists mainly of three sources: electricity, oil and biomass. This 

sector accounted for approximately 48% of total energy consumption in 2005, followed by an equal share of 26% in 

the transport and industry sectors 

 

 

Figure 21. Energy Consumption in Sri Lanka in Sector 

 

Above Figure 18 indicates the growth of the energy consumption (in million toe) over the decade in these three 

sectors. Biomass alone accounts for about 50 percent of Sri Lanka's energy demand. In the household, 

commercial and other sectors, over 70% of biomass is consumed. Of the 11.84 million tons of biomass 

consumption in 2005, approximately 8.3 million tons were consumed in this sector and the rest in the industry. Of 

the petroleum products consumed, diesel is mainly used in the transport sector and furnace oil is used primarily for 

the generation of electricity. 

 

 

 








