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Abstract 

This paper describes the interconnection and interface between Nuclear Power plant and electrical 
grid infrastructure. In its first part, the power grid system in Bangladesh and suitability of building 
nuclear power plant at Ruppur in Bangladesh is described. The condition for a nuclear power plant to 
be included to the national grid system is also mentioned. Impact of NPP developer and operator and 
importance of transmission system operators (TSO) for installment of NPP. In the end of the writing, 
what types of grid failure could occur and how this grid system can be made more reliable is also de-
scribed. Moreover, advantage of grid interconnection and site selection assessment of location is 
briefly mentioned as well.   
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INTRODUCTION 

Nuclear power offers promise as an energy solution since it produces a huge amount of  

energy from small amount of fuels. As time go by, nuclear power based industrialization is 

increasing both in developed and developing countries. Implementation of nuclear power for 

the first time to a country is always challenging. Building a nuclear based industry is not only 

depends on the construction of nuclear power plant but also on the development of electrical 

infrastructure. Thus, a safe, efficient and reliable grid system is prerequisite for the      

implementation and expansion of the nuclear industry. 

A sound grid system is a strong combination of power generation, load distribution and a 

network to the neighboring countries. Significant modification in grid system is essential for 
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the country does not have NPP. Few features of a new grid system for introducing a NPP are 

cost-effective operation, less instabilities and interruptions in NPP-grid interaction, more 

productively and consistently supply power to the consumer. According to local grid    

condition and usage sitting decision must be considered for both NPP and the grid. However, 

integration of NPP to the national grid is a real engineering challenge.  One of the steps of 

IAEA is to development of electrical grid system to integrate NPP to the national grid.   

Several essential features of the grid are adequate capacity for exporting power from NPP, 

provide safe and economic operation to the NPP since NPP requires safe startup, operation, 

normal or emergency shutdown of the reactor. Individual organizations are required to be  

involved with NPP authority or regulatory commission and another organization involved 

with the grid system. A compatible relation must be built between NPP organization and grid 

system.  Electrical grid system builds a symbiotic relationship between the grid and NPP. 

Basically, a NPP is used as a ‗generator‘ and ‗customer‘ sequentially. When, NPP supplies 

electrical energy to the grid, it works as a generator; on the other hand, NPP receives power 

for safety operation during emergency or any transient condition, on normal startup of NPP. 

This is how NPP is used as a customer. Both, ‗offsite‘ and ‗onsite‘ power generation are  

required for safety and precaution purpose of NPP. Onsite power consist of Emergency   

Diesel Generator System (EDGS) which delivers power to Emergency Core Cooling System 

(ECCS) in case of any transient situation such as Loss of Coolant Accident (LOCA).Incase of 

onsite power failure , grid provides offsite power to the NPP.  

2. NUCLEAR POWER PLANT AND OTHER POWER GENERATION SYSTEM 
CONNECTED TO GRID IN BANGLADESH: 

The rapid development in industrialization sector requires sound and affordable electricity 

generation system. Current generation capacity is almost 10,500MW while the target is about 

39000MW.A summarized table of generation report on October 22, 2014 is provided here 

which is collected from the official website of Bangladesh Power Development Board 

(BPDB) (BPDB, 2011). 
 

 
Table 1: Power generation by different Producer in Bangladesh. 

 

55% of total power generation is produced from government owned power plant and 45% of 

power is generated from private companies. Two different time have been fixed by the  

government to meet the overall demand of the entire country which are 2021 and 2030.The 

total demand has been fixed as 39000MW by 2030.However, the total power generation from 

government owned power plant is 55% while power generation from private owned power 

plant is 45% of total generation. The rapid growth of the population in Bangladesh requires 

more electricity generation. Thus a revised target of additional 12473MW has been fixed by 

implementation of different new projects (Generation Plan, 2018). Since, natural gas     

resources are going to deplete within next few years Bangladesh government is planning to 

construct Ruppur Nuclear Power Plant (RNPP) for addition of power to the national grid on 

2023. 
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3 RUPPUR NUCLEAR POWER PLANT (RNPP) 

A nuclear power plants two units of 1200 MW would be built at Ruppur for the Bangladesh Atomic 

Energy Comission (BAEC) which was signed in 2011.Site works have been started in October 2013, 

and construction of first unit has been started from 2015 and expecting to be operated soon after 

2020.Proposed second unit will start to build by 2020 and will start operation from 2025 [3].   

4 TRANSMISSION VOLTAGES 

According to transmission voltage, transmission voltage is classified into three categories in     

Bangladesh: 
i. 400KV Transmission Line 

ii. 230KV Transmission Line 

iii. 132KV Transmission Line 

As per PGCB, the Transmission design of Bangladesh National Power Grid up to October 2014 as 

given below: 
i. 400 KV line 164.70 ckt km 

ii. 230 KV line 3,044.45 ckt km 

iii. 132 KV line 6210 ckt km 

iv. 400KV substation 1 Nos.500Mw HVDC Back to Back station 

v. 230/132 KV substation 18Nos.8775 MVA 

vi. 132/33KV substation  88 Nos.11255MVA 

Besides, electric power can be transmitted by underground power cables as there is no damage to the 

cable in case of any extreme weather condition. On the contrary, main disadvantage is its installment 

cost is very high and cause long time to locate and repair [4].  

5 ELECTRICAL SYSTEM AND CONNECTION ARRANGEMENTS 

In various countries, transmission system is manipulated by one or more control centers: there may be 

a single control system or several control system all throughout the country. To confirm generation 

and demand are balanced the frequency, voltage level and power flows must have sufficient safety 
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support against anticipated faults. Transmission control center will provide switching    

operation on transmission circuit to control the operation of the power plants. Transmission 

grids are normally alternating current (AC), which can readily be transformed to higher or 

lower voltages. Increasingly, direct current (DC) links are being used for particular projects, 

particularly undersea cables linking countries or linking offshore wind farms to onshore grids 

via converter stations. Also high-voltage DC links (HVDC) are becoming more important for 

long-distance efficient transmission. 

Usually grid system will allow 132kV or higher voltage to connect power plants, however, 

lower energy sources may connect with 66kV,33 kV or 11kV voltage, such source could be 

renewable generation source. 

A voltage source converter could be used to connect AC grids with high voltage DC (HVDC) 

links. This make a connection with asynchronous AC systems. More than 300GW of HVDC 

transmission would be included to world grids by 2020.   

As nuclear power plants are usually generate a massive power and larger than fossil fuel 

plants, it can include the generating unit which will 15% of the reserve capacity of the grid. 

This is so that plant can be offline state for refueling or maintenance. Moreover, more    

investment in the grid is required in the power plant. 

Two types of grid is build up in terms of frequency control: regulation control smooths out 

the routine minor load or generation variation; contingency control is change in generation 

demand balance to avoid large frequency excursions in the networks arising from a major   

interruption in supply [5]. 
 

 
 

6 LOAD REDUCTIONS TO THE NPP 

To meet often large demand area during peak hour a part of large load interconnection is opened .NPP 

should have certain capability to trip certain part of its connection in case of load rejection. When  

connecting to large NPP with the grid, electrical protection systems are separated during grid     

interruption, backup power supply such as DC batteries and onsite emergency power sources are used 

until the grid voltage and restored to the acceptable values. In this case, two physically independent 

transmission circuits to be built, one for  normal operation and one for emergency onsite power  

system. Two circuit system needs to be independent, testable and redundant.[6][7] 
 

When load is 100% reduced ,all the external loads are suddenly lost or breaker at the station generator 

output fails ,then the system switched to‖ house-load‖ operating mode, which  completely separates 

the NPP .So NPP powers its own auxiliary system and reactor operates at reduced power level to  
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only power itself.[6]The key objective in this matter of load rejections is to reduce the reactor power 

fast enough so that it does not trip and quickly increase the power back to the nominal value . 

7 LOSSES OF GRID FREQUENCY AND VOLTAGE 

Frequency and voltage on the NPP-electric grid system mutually related to each other.As frequency 

goes down; higher operating voltage is required to start up the system and to continue running.   

Voltage reduction causes excessive current drawn, in the end results overheating or opening of   

breakers in the NPP. In this case, automatic generation control (AGC) carefully regulates the voltage 

and frequency change [8]. 

NPP usually occupies large portion of the electric grid, a trip can cause large imbalance between 

power generation and the load. When this occurs, unless more power can be supplied fast enough 

through external grid connections or by generation, this will decrease the grid voltage or frequency. 

Reduction in voltage or frequency on the alternate off-site power leads to loss in the offsite power 

supply to the NPP. Electric grids running at 50-60 Hz are typically maintained within a very small  

tolerance 1%. Even small frequency drop due to imbalance between generation and load ,can lead to a 

power trip, which can reduce the  longevity of a NPP due to rapid changes power ,pressure and  

temperature. Steps such as addition of generation sources such as gas turbine or hydraulic power to 

balance generation vs demand. The grid voltage can also be reduced to meet the frequency       

requirements though these often lead to ―brown outs‖, which occur when the electric supply is no 

longer sufficient to cope with normal lighting. Other idea is to control drop in grid frequency include      

automatically or manually changing outputs by speed governors on the generating unit, and      

disconnecting selected loads which is called load shedding [6]. 

8 NPP DEVELOPERS AND NPP OPERATOR: 

The company operates the NPP, will distinguish NPP from transmission system operator. The key 

responsibilities of the operator are to ensure the safe operation of the NPP. They must satisfy the   

necessity of nuclear regulatory authority in the country. In Bangladesh Nuclear Regulatory Authority 

is working hard to fulfill this purpose [9].  

9 TRANSMISSION SYSTEM OPERATOR (TSO):  

TSO is the company or organization that works for the transmission purpose and connect to the NPP. 

Depending on the geographical area the number of TSO will be more than one. TSO will cooperate 

with Energy Ministry and Regulatory Body in the country. The responsibilities of TSO are: 
 

1) Impact of changes in electricity demand. 

2) Change in design and construction according to the change in electricity demand. 

3) In case of failure components maintenance  

4) Maintaining a good communication among the neighboring regions and countries. 

5) Manipulate the power plant to change the output demand. 

In some countries, TSO is divided into different organizations who are involved with transmission 

system owners and some are involved with system operation. It maintains a good communication  

between transmission system owners and system operators. 

10 STRENGTH OF ELECTRICITY SYSTEM FOR A NUCLEAR POWER PLANT 

After a transient situation electricity supply is required to heat transfer from the reactor .Otherwise, 

any failure to heat transfer system can cause severe melt down to the fuel core. Amount of heat  

generation is almost 6.5% of the power before shut down of the reactor, after one hour it reaches to 

1.5% and it more reduced to 0.4% after a day. Hence, both offsite and onsite electrical power system 

takes part to ensure a reliable electrical system for protecting the reactor from overheating situation 

inside the reactor. Primary reactor safety systems are corresponding with [10]: 
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1) Control of Reactivity  

2) Transport of heat from the core 

3) Confinement of radioactive material 

4) Control of operational discharge 

5) Accidental release 
 

 
Figure 3: Simplified diagram of a PWR connected by electrical grid system 

 

An reliable electricity system which can perform above functions both on emergence and 

normal operation case is prerequisite for building a NPP. Hence, a robust and reliable   

electrical system is required not only for safety purpose but also all modes of operation:  

startup, normal operation, during and after reactor shut down. This dependence on electrical 

system reveals the requirement of multiple source of electricity: minimum two connection 

from the transmission system to the NPP (Offsite Power Source) and combinations batteries, 

diesels and small gas turbines (Onsite Power Source) [11]. 

11 ELECTRIC GRID SYSTEM TRIP AND BLACKOUT 

The grid must maintain a constant frequency. As, all the households and industries are    

interconnected together an ordinary failure in the system can cause huge damage. Large 

power failure can be eliminated by trip protective circuit breakers since all power plants are 

interconnected together. As a result, a stable grid system must be constructed so that all 

NPP‘s must operate precisely altogether. A grid failure can even cause whole country into 

blackout and cause even damage to the NPP‘s. In North America, total twenty power plants 

have been disconnected because of improper electrical system. Most often, entire electric 

system fails when a natural disaster occurs such as tornadoes, hurricanes, earthquakes and ice 

storms.  

12 EMERGENCE ON GRID RELIABILITY 

Transmission system is considered as more dependable and consistent source of power to the 

offsite power system. A transmission system has better availability as it connects diverse and 

multiple generators to the transmission system. Thus, NPP‘s much deal with offsite power as 

primary source for cooling down the reactor during normal and emergency shutdown.  

However, the grid reliability is defined as the measure of unirreptable power supply to the 

NPP with sufficient capacity as well as with adequate voltage and supply. A loss of power 

from the transmission system can cause loss of AC power to the safety and no safety busses 
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at a NPP which relates loss of offsite power (LOOP) ,tribune trip as well as onsite power 

failure .Thus, a blackout situation occurs inside the plant. By the risk assessment process the 

impact of station blackout to the core damage probability is calculated [12].A fault on a grid 

system from a large distance can cause both offsite power failure to the NPP and cause  

reactor trip as well. [13, 14] 
 

 
Figure 4:Grid as the most reliable source of offsite power 

13 GRID FAULTS AND POWER SYSTEM RELIABILITY STANDARDS 

Electrical circuits deals with various protection system that usually switched out an item of 

the faulty part of transmission. This process can occur automatically by the electrical    

protection system or manually by the system operator. Literally, some faults disconnect the 

load or generation. Some reasons of the grid fault: 
 

-Severe or extreme weather condition (strong winds, tornado, extreme lightening). 

-Environmental Effects (pollution on insulators) 

-Mechanical failure, internal flashover 

-Control or protection fault 

-Human error during maintenance or operation 
 

 
Figure 5:Grid damage due to extreme weather condition 

 

Grid system is required to design in such a way that in case of any severe faults, the system 

can be recovered and there must be redundant equipment which reconnects the system after a 

short delay. It is common phenomenon to implement some code or standards to manipulate 

the electricity system. These codes are used to ensure the correctness of system design. The 

impact of severe minimum standards for security and reliability to protect the entire system 

by redundancy to any single event such as: 
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-Trip of a single generating unit 

-Short circuit or earth fault to over headlines 

-Short circuit fault to underground lines 

-Fault on bus bar 

-Failure of any grid transformer 

The system is verified as secure if an event which does not cause any consequence such as: 

-Frequency above the normal range 

-Voltage above the normal range 

-Overloading of transmission circuits 

-Cascade tripping of transmission circuits 

-Loss of synchronism between two parts of the network 

The transmission system requires redundancy for maintenance reason which is a regular  

requirement. Moreover, a short period of extreme weather condition may cause trip to the 

several grids at a time. On such a case, more than normal range of frequency and outside the 

normal range of voltage helps to test the overloading situation for a short period of time so 

that more serious transient situation of cascade tripping and loss of synchronism will not be 

possible to occur[15]. 

14 ADVANTAGE OF GRID INTERCONNECTIONS 

If several countries are interconnected to each other by a large regional grid system where a 

nuclear power plant is also included to the system, the grid must be built in such a way that it 

will be reliable and to have enough capacity to carry the additional power flow after the trip 

of nuclear power plant. In case of such failure neighboring countries must cooperate to    

operate their grid system with enough generation units in automatic frequency control mode. 

Moreover, proper legal and commercial agreements are also required among those countries. 

A common grid system among different countries can regulate the power distribution   

proportional to the generation and demand among the countries [16]. 

15 SITE SELECTION AND ASSESSMENT:    

The proper site selection for building a nuclear power plant is not a simple process. It    

depends on different factors such as technical specification, public policy and local      

environmental laws. Moreover, the factors also include technical and economic aspects of 

installing the electrical grid. 

Following steps are required to select proper site which are collected from the references [17] 

and [18]: 
 

1) Step One: Regional Analysis: The main purpose is to exclude the improper areas and to select appro-

priate sites. The analysis is based on the documents such as geographical, geological, hydrological, 

seismic data, satellite photos. 

2) Step two: Screening of potential sites: More comparison has been made by decent investigations 

which are significant disadvantage and more aspects. 

3) Step three: Comparison and ranking: Selection of more appropriate place by overall judgment from 

a suitable list. 

CONCLUSIONS 

This paper briefly describes on the impact of grid connection to the NPP as well as effect of 

NPP to the grid system. As Bangladesh is going to step into a new era of power generation by 

dealing with Russian Government for building Ruppur Nuclear Power Plant, a reliable, robust 

and safe grid infrastructure is important to develop.  
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Moreover, TSO can be implemented in the grid system so that NPP will always remain   

attached with high voltage transmission system both in normal and fault condition. This paper 

mainly focuses on the combination of TSO and NPP from very beginning stage of designing. 

In addition to this, the additional expenditure for developing the control of voltage and     

frequency to include a new nuclear power plant to the grid system where the country not yet 

has nuclear power plant. More features such as building new transmission connections to the 

neighboring countries are also explained in this paper. Some other points such as grid faults 

on extreme weather, advantage of grid connection and site selection and proper land     

assessment is illustrated in the end of the paper. 
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