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ABSTRACT 

A well-designed protection system in a power distribution system ensures the continuity of power delivery. 

Even though this can't prevent a fault, which can lead to a catastrophic situation when the protection will not 

operate correctly, therefore, protection devices must be correctly selected and installed to avoid these 

consequences. The power system in a data centre is constructed of prominent features like generators, 

power supply cables, high and low-voltage transformers, and UPSs with a battery backup system and 

protection system. 

 

Researchers have looked at the problems in terms of faults inside a UPS system which is about protecting 

the UPS unit itself rather than the power distribution system within the Data Centre. If the fault occurs inside 

the UPS unit, then internal protection will shut down the faulty unit, and a redundant UPS N+1 will turn on. 

Operation of the UPS system with “in use” redundancy of the UPS is a critical moment for power delivery 

security. If the redundant UPS is lost, power backup is lost, so engineers must do repairs quickly. I 

concentrated on the protection system within the power distribution network in a data centre, not internally to 

a UPS. 

 

The thesis presents the coordination of a protection system with the help of using the ETAP 21 software. The 

designed power system level is 11kV/400V AC with 50Hz frequency and a capacity of up to 8MW connected 

to two different DNO grid power networks. The power distribution system includes a backup system to ensure 

continuity of supply when both DNOs supplies have outages. The simulated protection coordination into 

randomly selected equipment, line or busbar under the fault condition will show the sequence of the 

operation. The primary protection has been designed to operate first as it is closer to the fault. However, 

when it fails to operate, then backup devices in the sequence must operate to isolate the faulty equipment. 

 

Protection elements like fuses and circuit breakers are not designed to prevent the fault. The protection, 

however, senses and operates fast to limit the fault current severity that causes damage to the equipment 

and increases the system's safety. An integrated part of achieving those is selecting appropriately rated 

protection devices and switchgear and performing a protection study. Regular maintenance is essential to 

correctly working the power system and the protection. 
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Chapter 1   Introduction 

1.1 Introduction to Power Systems in Data Centre 

An 11kV/400V AC power system is a commonly used power system in Data Centres, in the small 

and medium industries in a secondary distribution network, and as a power system in financial 

institutions and hospitals.  

The research is on protection coordination in 11kV/400V Alternating Current (AC) power systems, 

presents study cases and shows the results. The protection study concentrates on aspects like 

the selectivity of the protection device, which refers to the isolation of the faulty part of the 

power system from the rest of a network as well as the sensitivity of the device that avoids the 

nuisances tripping when it is wrongly selected to make coordination effective and reliable to 

maintain an uninterrupted power delivery to data racks during local short circuit faults with the 

help of use the current version of ETAP 21 software. 

A power network has been developed with time and was initially formed in redial. Nowadays, 

power networks are mainly formed in mesh for more excellent reliability and security of supply. 

The radial form of power system differs from the mesh as it is formed of one power source with 

one or several load sides compared to the mesh that is formed in a loop connected to more than 

one source of power generation with number of loads. The network formed in a mesh is more 

reliable as when the loop is open or a power generation is lost then power is still supplied to the 

loads using other connected power generation sources. The power system created in redial is 

straightforward in design, construction, and operation as it requires fewer cables and less 

equipment to be maintained. A mesh power network has many disadvantages, being more 

expensive in construction as it requires more elements, cables, and equipment and therefore, 

the cost of build and maintenance is higher. 



 

 A new power distribution system utilised in industrial or commercial new premises is connected 

to the main power network, also called a “GRID”. A DNO issuing to the designer “Grid infeed 

parameters” says that the maximum capacity available at the point of new connection and the 

purpose of the new power system must be economically justified [1]. 

Also, the protection system in interconnected or mesh type is more complex and nowadays more 

digital. However, an interconnected or mesh power distribution system is more reliable, can take 

more load and voltage drop is much less, almost negligible [2]. Protection systems and 

coordination are used in both power AC and DC types, and any power system must be protected 

against the consequences of faults to prevent catastrophic results. 

 

1.2 Thesis Aim and Objectives 

This project aims to design a preferable AC power distribution system used in Data Centres in the 

UK having a power backup system to ensure power continuity as well as present protection 

coordination that is highly reliable, sensitive, and selective in 11kV/400V AC power distribution 

system to minimise the impact of Symmetrical and Unsymmetrical short circuit faults with the 

help of the ETAP 21 software. The objectives are: 

1. Compare environmentally and conventional power systems in Data Centres  

2. Present a load demand and share trends in Data Centre 

3. Review elements and protection devices of an electrical power system 

4. Construct a power distribution system of 11kV/400 AC 

5. Apply the ETAP 21 software features 

6. Cases study simulations using various fault scenarios 



 

.3 Structure of the Thesis 

This thesis is structured into five chapters and starts with an introduction talking about the 

importance of a protection system in the electrical power system in the Data Centre. An integral 

part of the introduction chapter is the aim and objectives and the thesis’s structure. I have also 

added “Brainstorming” as a chosen creative thinking technique and discussed its importance.  

Chapter 2 is a literature review presenting two types of Data Centres’s power systems one is 

environmentally friendly, utilising renewable resources, and the second is not ecologically 

friendly, relying on the DNO grid. Both systems have an infeed power with a diesel backup 

generation system. It also covers a power share and demand per data rack within Data Centre 

and discusses the main power distribution system elements.  

Chapter 3 illustrates the calculation methodology and power source parameters. 

Chapter 4 is the proposed network design and case study of the power system in the Data Centre. 

The power network consists of two double grids in feeds supplied from two different DNOs to 

maximise power delivery and limit the risk of power interruption. An integrated design part is a 

diesel generator as the backup system configured in N+1 redundancy. The N+1 means that there 

is an additional independent backup of a component when the necessary component that is 

required to run the system fails. 

The power system uses 11kV/400V step-down transformers connected on the primary side to 

MV and on the secondary side to LV switchboards, from where power is distributed to mechanical 

and electrical loads. The case study covers the work of three simulations performed in the 

proposed power distribution. The simulation will show protection coordination in faulty bus bars 

or cables on LV and MV sides. Protection devices isolate a defective part of the system to ensure 

power delivery continuity supplied from another aspect. On the LV side, ATS automatically 

transfer power in lack of the power supply feeds from another power source to cover the 

demand.  

 



 

Chapter 5 is the place of the conclusion and future work needed based on this thesis topic.   

 

A complete list of references is listed at the end of the thesis. Appendices cover all data sheets 

of equipment used to design this power distribution system as well as the DNO source of the grid 

information. 

 

1.4 Chosen Creativity Thinking Technique 

The chosen creative thinking technique is the “Brainstorming method”, which is an effective 

method that will help me to manage the project. 

The “Brainstorming” method Fig.1.1 is an excellent tool for quickly and effectively exchanging 

thoughts and perceptions of the problem. Brainstorming intends to use collective thinking, 

involving people listening to and capturing ideas based on other solutions. Requires freewheeling 

discussion in which people in conversation about a problem express their thoughts and share 

their diverse knowledge. The figure below shows the cycle of the Brainstorm and the resources 

involved in intellectual thinking and the interaction between them.  

To brainstorm, use boards or large paper sheets to store all the ideas. To record the ideas write 

them down. This form allows you to look from the perspective of ideas, for example, that 

combining two ideas solves the problem.  

 

The main challenge is to follow the basic rules of brainstorming: 

➢ As many ideas as possible should be on the board, even the morazy” ones. 

➢ Gather anyone you think can contribute. 

➢ Do not judge what has been said (time for it will come later). 

➢ You should listen carefully and refine the ideas of others. Borrowing ideas and modifying 

and improving people's thoughts are the most desirable. 

➢ Reflect on the opinions of others and use the most of it 

➢ Solutions should be drawn if possible because it stimulates creativity. 



 

 

 

  

Figure 1.1. Brainstorming Method 



 

Chapter 2   Literature Review 

2.1 Introduction  

Power systems in construction are different in terms of power supply security and are divided 

into groups based on power delivery priority and premisses power supply backup. The first group 

where uninterrupted power must be delivered are hospitals, financial services, government, and 

military infrastructure, where power interruption can cost people’s lives or cause national 

security failure. Data centres are this group where the power supply ensures the uninterrupted 

operation of data IT equipment. The cost of losing IT data is extremely high, and the data centre 

must pay the client and the commercial business reliability, which can be easily lost. So, a reliable 

power system, including a well-designed and installed protection system is the core of power 

supply security. 

Protection is divided into devices and the system. A protection device is an element designed to 

break the fault condition circuit. The protection system is built on multiple devices that 

coordinate according to a protection design. The very first type of protection in the power system 

is a fuse. The fuse is a simple construction device, developed to a more sophisticated form that 

can provide a very fast disconnection time of less than half of a cycle. With time a circuit breaker 

device and relay device have been developed too, and their significant advantage over the fuse 

is that relay. Circuit breaker can easily be reset, and the fuse must be replaced after operation. 

Circuit breakers and/or relays can be reset even easier to utilise in Power Management System 

(PMS) and Building Management System (BMS) systems.  

The very beginning of relays started with an electromechanical relay using an electromagnetic 

coil to rotate a disk. This rotating disk is to adjust a time delay and is still in use, as the technology 

has developed, a solid-state relay was proposed, which, compared to the electromechanical 

relay, does not have a moving part and is considered a better option for relaying. Nowadays, a 

digital relay is the most popular in power protection systems. Digital relay and solid-state 

combine more than one function named a Multifunction Relay. This type of relay has all the 

functions of overcurrent relay, distance relay, directional relay and so on. This main benefit is 

that it takes less space than using each relay with its function, which gives greater flexibility and 



 

reduces the space needed. A reliable well-designed power system in Data Centre plays a crucial 

role in the whole business because it delivers uninterruptable power into data racks where all 

data are stored and cooling systems that cool down the data halls.  

It is essential for the data business to keep the power system always working 24 hours, seven 

days a week, 365 days a year [3]. For that reason, every Data Centre employs a maintenance 

team which works 24/7 for 365 days a year to monitor the entire system. The power system in 

Data Centre supplies not only power to the data racks but also to a chiller water system 

responsible for cooling the heat generated by data racks, and it is no less important than the 

main power supply system. 

Power systems used in Data Centres are divided into three types of systems Alternating Current 

(AC), Direct Current (DC) power systems and a mixture of AC and DC. Each of those systems has 

its advantages and disadvantages however, which should be used depends on Data Centre owner 

preferences [1]. A comparison of the two systems and justification, which is overall better, is 

outside this research and can be a subject for further analysis.  

The choice of which power system is preferred is in line with typically for the industry type of the 

power system or with the power system is already implemented and utilised in a Data Centre 

managed by the same owner. The reason is to make all power systems on every site alike. This 

approach gives owners more flexibility in the security of maintenance and cost efficiency as all 

the Data Centres have the same equipment installed and are similar in design, and it helps more 

efficient way to manage the Total Facility Management (TFM) of the entire network of Data 

Centres spread across the whole.  

During the research, a research paper has brought to my attention in terms of utilising in Data 

Centres as a renewable resource as an alternative source of power for cheaper use of energy to 

make Data centres more efficient and cost-effective [1].  

However, based on Equinix's statement as the owner of Data Centres worldwide, the idea of 

utilising renewable energy resources has yet to be implemented in the UK. One of the reasons is 

to challenge DC-generated power systems in Data Centre that require lots of space to install the 

Solar PVs and/or wind turbines and will become more complex that might not be cost-effective 



 

in the long term because all the equipment requires not only maintenance and repair, but also 

after time of exploration, it must be decommissioned removed and utilised.   

2.2: Power distribution system in Data Centres:  

The design of the DC power system will include a mixture of AC and DC power systems and the 

primary power system supplied from the 11kV AC power grid, then stepped down to 400V via a 

step-down transformer. Then an installed AC/DC rectifier provides the power to data racks in 

data halls via low-voltage DC Power Distribution Units (PDU) [4]. At this point, it is good to 

mention that the cooling system works using AC power, so the power system would have to be 

split after the transformer to provide the AC for the cooling system, the power system, and the 

rectifier. The backup system will be constructed of Uninterruptible Power System (UPS) with a 

battery system and 2MV High Voltage diesel generators grounded via Neutral Earth Resistor 

(NER) directly connected to the main 11kV switchboard.  

As mentioned earlier, the protection system and coordination must be correctly designed and 

carried out as a so-called “protection discrimination study” to meet the design requirements. 

Protection itself is not to prevent the fault; it is to detect the fault and disconnect in the required 

time to limit short circuit fault duration. Any fault and duration cause damage to the equipment 

installed within the network [5]. To limit the severity of the fault, a reliable, highly sensitive and 

selective protection system is crucial.  

A protection system does not always require coordination, and it can be found in the isolated 

type of power system where the power circuit is composed of a single source of power, a single 

power cable and a load. In this type of power system, if a fault occurs, the protection device will 

operate and disconnect the load. In such a situation, the protection device protects the cable 

from melting down and the generator from being destroyed.  

Protection coordination is used if the power system is constructed of a minimum of two power 

sources and a minimum of two loads but supplied from two different bus bars or in a power 

system formed in a ring or mesh. As soon as the protection system has at least two protection 

devices, protection coordination should be considered, and a discrimination study shall be 

performed to achieve coordination. The coordination can be done between a fuse and a circuit 



 

breaker, between two or more circuit/power breakers, and between relays and fuses and so on. 

In high-voltage power systems, the protection system is constructed of relays that operate High 

Voltage (HV) circuit breakers and/or fuses.  

What does cause the protection system to operate? This happens by some natural incidents 

caused by lightning, ice, wind or even an earthquake, a human factor or by the equipment itself 

when insulation in a power transformer breaks (Heat = I2 R). 

Before the protection study begins, an engineer must obtain basic information like power source 

voltage level, voltage angle and frequency to calculate prospective fault current at each point of 

the system. Power system equipment and load impedances must be known before to do this. 

Protection study in MV is technically similar compared to LV power systems. The difference is 

that in the MV systems, protection coordination is mainly between relays, fuses, and relays 

compared to the LV systems, where no relay coordination takes placeCircuit Breakers (MCCB) 

and Power Breakers (PB) have a built-in tripping unit where the settings can be adjusted to the 

required values. Further a tripping unit is briefly discussed in the low voltage circuit breaker 

section. 

2.2.1 Environmentally friendly power distribution system in Data Centre 

To construct an environmentally friendly Data Centre utilising renewable resources like a wind 

turbine, PV solar or tidal must be used as a source of energy [6]. However, the main problem with 

renewable resources is that they are an unreliable energy source; data centres must rely on more 

than just them but can be treated as an additional power supply. It is still common practice to 

rely on gas or coal as a main power plant to supply energy to the power system network. An 

example of a modern Data Centre is shown below in Fig. 2.1, using either fossil fuel energy 

sources or renewable energy interchangeably. To make the Data Centre more efficient, a system 

REDUX switches between energy sources according to the workload requirements. This power 

management system, REDUX, maintains a good balance between money and the energy system's 

efficiency [7]. However, every Data Centre has its generation plant running on diesel to ensure 

uninterrupted backup power supply to data server racks. A UPS power system installed in power 

switching rooms is responsible for continuing supply to the system for a short period of time 



 

using a battery system until generators are ready. The UPS system improves the power factor to 

almost unity, clears all noises circulating in the electrical power system and provides a stable 

voltage level. The reason to install the UPS in the Data Centre [8] has been justified as the 

installation cost is very high, and it must be profitable for the "return of investment" will also pay 

it's off. The justification of UPS equipment installation was based on Mean Time Between Failures 

(MTBF) vs Mean Time To Recovery (MTTR). This comparison refers to numbers of MTBF and, say, 

100,000 in 10 years versus damages estimation caused by the time of the outage. An Interruption 

in power delivery cost paid to some important client of the Data Centre could reach £100.000 

per minute. So, based on the information of the power interruption cost level, we can see that 

paying to Data Centre's clients is enough to make a reasonable decision to install a UPS system.  

Another crucial factor is that the power delivered to data racks must be kept from being 

interrupted. Otherwise, all data are lost. 

The current UPS system operates on a PWM type of converter, and the reason that is it is not 

complex and bulky. The UPSs systems are formed of power converters like rectifiers converting 

AC to DC, Inverters converting DC to AC and voltage boost, which principle is based on the buck-

boost converter. Voltage boost is a compulsory module in UPS because it is responsible for 

boosting voltage supply from batteries, as the battery system is designed to deliver 600V. Then 

voltage boost increases the voltage to 720V to keep the requirement of power level supply of, 

e.g., 800kW. The UPS system is mainly constructed in N+1; however, the 2N system is more 

reliable as 2N means we have one more UPS system that includes a battery system available to 

operate in the event of a fault. This option is more expensive but always depends on the client's 

requirements. 



 

 

Figure 1.1. Environmentally friendly power distribution system  

2.2.2 Conventional power distribution system in Data Centre 

Conventional Data Centre power supply is a commonly used power system in Data Centres 

Fig.2.2. The reason that is an environmentally friendly source of energy is an unreliable source of 

energy that is widely documented by researchers. Renewable energy sources require additional 

space, and in some cases like the Solar PV requires a vast area which is only sometimes available 

next to Data Centre, especially in the UK. Another problem is the cost of the maintenance of the 

renewable resources. Based on all the factors and research done on Data Centres location the 

present below distribution network that is the preferable power system for Data Centres. Each 

power network might differ in some design, details but the power system core is the same and 

consist of the four main elements: 

1. Main power supply at 11kV typical 2N+2 configuration. Two independent DNO operators 

supplying the power. Each of the DNO operators gives two 11kV feeds, to provide a very high-

level security of power the delivery. 



 

 

2. The backup power supply is provided by a UPS online systems N+1 configuration, reassuring 

power continuity after the main power is lost. This UPS system can deliver power for 8-10min. 

During this time, the backup generator N+1 configuration must start, synchronised and be 

ready to supply the power, keeping the power distribution system energised and covering 

the total power demand in required by the Data Centre. The uninterruptible power supply is 

also responsible for eliminates harmonics and increasing the power factor. The UPS system 

is connected to a battery system, the voltage and current parameters are determined by load 

level requirements. The UPS on the supply side is connected to the main low voltage 

switchboard and on the feeder side to the so-called mechanical switchboard to which all 

critical loads are connected. Critical loads are mainly data rack, fire alarms, Very Early Smoke 

Detector Alarm, midst/extinguishing system, and cooling system. Lighting and socked power 

are not critical loads.  

3. Within a power system distribution are step-down power transformers n+1 stepping voltage 

to the low voltage level at 400V. Transformers are connected to a high-voltage switchboards. 

Transformers are in Delta-Star configuration with 11kV on the primary and 400V on the 

secondary side. The Star connection is on the secondary side because a neutral cable is 

established to provide a voltage level at 230V between Line and Neural.  

4. Typical power system in Data Centre has two main voltage levels, 11kV and 400V, and based 

on these two types of voltage rating, different switchboard ratings are required. Those 

switchboards are HV switchboard and LV switchboard. It is essential to mention that the high 

voltage side provides a lower level of short circuit current compared to a low voltage level 

switchboard, which can deliver higher short circuit current in case of fault current.  



 

 

2.3 Main Elements of Power System Distribution in Data Centre 

2.3.1 Main Utility Supply 

The main power supply is taken from the Distribution Network Operator (DNO), which is a utility 

company responsible for the delivery and secure demand of every power user. Power-user can 

be an industrial, e.g., National railway operator, commercial hospital and/or Data Centre and 

domestic to where power is supplied. Security power supply level is different and depends on 

the type of user. Utility always issues to clients before they start to build new projects a so-called 

“Grid infeed data” that is telling what the maximum demand that can be covered by DNO, power 

grid fault level, network positive and zero sequence impedances is. Priority is always given to 

hospitals, Data Centres, railway networks, Government, and secret services, which must secure 

power supply interruption. However, outages happen, and a power backup system is installed to 

avoid power supply disruption to critical users. 

Figure 2.2. Conventional power distribution system in Data Centre 



 

2.3.2 Main Stand-by Generators 

A standby generation power system is responsible for delivering power to the internal power 

distribution system to cover the demand. Commonly used generators are diesel low voltage or 

medium voltage connected to the system and staying in the standby position. When the main 

power is lost, the generators start, synchronising required when more than one generator are 

which takes from a couple to several seconds and as soon as generators are ready circuit breaker 

will close making the connection with the power system to supply the power.  

 

2.3.3 Transformers 

Transformers are connected between medium- and low-voltage power system equipment to 

step down the voltage level to 3-phase low voltage, mainly 400V. 

The transformer type and data chosen for this project are based on factors like power level of 

data storage required, the purpose of a transformer, the working transformer environment, the 

voltage level on the primary and secondary sides and the grounding system. 

The transformer will be connected in redial to the load, and the load is around 40-45% of the size 

of the transformer.  

It is more secure in terms of better load sharing to install more numbers of transformers than 

just one or two big transformers. The more oversized transformer has a more significant loss in 

both the no-load state caused by winding magnetising and the load state. It is also better to install 

more numbers of transformers because in case a transformer needs to be de-energised for, e.g., 

maintenance purposes, then another transformer will be capable of supplying power. A 

transformer working environment is a room in inside a building with a cooling system to keep 

room ambient temperature between 20-25°C. A dry transformer is more straightforward to cool 

down than an oil-filled transformer, as the transformer's efficiency drops with increased 

temperature. The power system on the primary side is connected to an 11kV 50Hz system. The 

power system requires a 400AC voltage level with a grounding system on the secondary side, so 

the transformer configuration must be a step-down delta star. However, this type has a phase 

shift of 30°, but the transformer is in a redial connection, so it is no need to care about the voltage 

shift. Otherwise, the phase shift would have to be adjusted to all transformers connected in 



 

parallel, and this is not the case. The transformer must be protected against thermal damage, so 

a transformer damage curve is required to be obtained by the manufacturer. The thermal 

damage curve of the transformer was taken from IEEE Guide for Dry-Type Transformer Through-

Fault Current Duration. The size of the transformer used in this project is 2000kVA, so based on 

the above guidance protection curve reference is in "Figure II". The curve is based on the 

maximum magnitude of a 3-phase symmetrical short circuit current, the magnitude not 

exceeding 25 times of the total load current for a duration of 2s. The Short Circuit Current is 

derived based on transformer impedance plus power system impedance specified by the user. 

2.3.4 Uninterruptible Power System  

2.3.4.1 “On-Line” Uninterruptible Power System 

The backup power system plays a crucial role in power security and continuity and is divided into 

two separate systems. One backup power system is an Uninterruptable Power System (UPS) with 

battery backup. The commonly used UPS system in Data Centre is an “online” system Fig. 2.3 in 

which there is no interruption in case of loss of power, as the power is continuously flowing 

through the UPS in normal operation. UPS system is constructed from power electronics 

converters that convert power from AC to DC and from DC to AC. During the conversion, built-in 

filters clean any power noises within the power system and improve the power factor up to 0.99, 

which is almost a unity. The system is set up in n+1 configuration, always having one more in case 

of fault. The second backup system is the diesel generator system. This system is constructed 

from fuel operating generators connected in parallel and controlled by the control system. 

Capacity is significant enough to cover a total power demand [9]. It was found that the main types 

of UPS systems are “Online” and “Off-line”. There is a big difference between those two systems. 

The online system is in operation during the work, which means the power is passing through the 

rectifier, which is rectified to DC voltage charging the battery and then is entering to an inverter 

were inverted into AC voltage. During this process, power noises are reduced, and the power 

factor will improve. This system has a massive advantage in terms of power security because 

when the power is lost, the system automatically takes energy from batteries, providing “zero” 

power continuity disruption [10].  



 

“On-Line” 

 

Figure 2.3. UPS "On-Line" system 

2.3.4.2 “Off-Line” Uninterruptible Power System in AC power systems 

The main difference between “On-line” and “Off-line” UPS systems is that “Off-line” UPS Fig. 2.4 

does not operate continuously and is in standby mode ready to deliver power if voltage drops to 

a predetermined voltage level however it filters noises and improves power factor. It is a crucial 

difference between those two UPS systems in Data Centres power systems and as mentioned 

above power security is the priority and for that reason, the “Off-line” UPS system is not used.  

“Off-Line” 

 

 

Figure 2.4. UPS "Off-Line" system 



 

2.4 Power demand in the UK and world average Power Share in Data Centres 

2.4.1 Size of Typical Data Centre  

The typical size of the Data Centre in the UK is 1,510m² just for IT space and a max of 2.7MW 

based on Equinix Data Centre in Slough. The system is designed in 2N UPS with a backup battery 

system, an N+1 generator backup system, and the cooling system with an efficiency of 20kW per 

rack [11]. 

2.4.2 Average Power Share in Data Centre 

The power in Data Centre is shared between the cooling and power system, data servers, storage 

drivers and network. Looking at data provided by Lawrence Berkeley National Laboratory on 

22/06/2016 [12], they are saying that in 2014 total power consumption in the U.S. was around 

68 billion kWh/y where the cooling and power system consuming 43% of the total power dement, 

servers 43%, storage drivers 11% and network 3%. 

 

2.4.3 Size of Data Rack in Data Centre 

Power consumption per data rack is determined by data rack density. Uptime Institute published 

on the 7th of December 2020 that the density of data racks is rising caused of the compute-

intensive workload. The computer-intensive workload includes cryptocurrency, Artificial 

Intelligence, more sensors, software, connecting and exchanging data, etc. All of those require 

more space and storage, which is a challenge for the Data Centres industry. However, in a 2020 

survey, Uptime Institute published that the overall average data rack density was below 

10kW/rack with an installed 20kW capacity rack. The most common rack density was between 5-

9kW/rack [12]. Another challenge to higher rack density is cooling capacity, as more data require 

a more efficient cooling system to deal with increasing data hall temperature.  

A methodology for calculating the total average Data Centre power demand in the UK is based 

on the average number of halls in the Data Canter multiplied by the number of racks in one hall 

times the data rack average load demand. This project will use the average values obtained to 

justify the Data Canters power load demand. 



 

2.5 Protection system in AC power systems 

2.5.1 Purpose of protection system in AC power system 

Protection plays a significant role in electrical power systems. The fault occurring to the system 

has been categorised according to types shown below [13]: 

- Symmetrical is on three lines in a three-line system and three lines to earth in a 4-line 

system. 

- Unsymmetrical, which is on any two lines in a 3-line system, any two lines to earth, or any 

one line to earth.  

When a fault happens, protection will disconnect the faulty line and/or equipment from the 

system, allowing the rest of the network to operate as usual. Protection is used to protect any 

equipment within the power network like generators, bus bars, transformers cables/lines, power 

banks, capacitor banks, power correction banks, motors and so on. 

Protection system devices 

• LV and MV fuses 

• LV and MV circuit breakers 

• Current transformer 

• Voltage transformer  

• Relays 

• Batteries 

• Communication cable and system 

Protection can be used as a single element, e.g., fuse or circuit breaker, commonly used in low 

voltage applications [14]. Protection in high voltage and extra high voltage power systems 

applications requires current and voltage transformers, relays, circuit breakers, battery tripping 

units and, in some cases, a communication system [15]. 

 

2.5.2 Medium and Low Voltage fuses 

The fuse is constructed of quartz sand and a melting element. The fuse's inconvenience is that it 

is not a self-recovering feature and must be replaced after it operates. However, it can greatly 



 

limit the fault current significantly down to a very fast operating time. Medium voltage fuses in 

DC systems are commonly used in railway networks and renewable power systems like a wind 

turbine. In railway networks, the typical voltage range is between 1.9 – 4kV DC voltage. The 

general classification of fuses is shown in Fig. 2.5 below. 

 

Figure 2.5. General classification of fuses 

 

2.5.3 Medium and Low Voltage Circuit Breakers 

Medium voltage circuit breakers a very much different to low voltage circuit breakers and require 

an operation, the presence of additional devices like current and voltage transformers and a 

relay. The current and voltage transformers are the eyes and ears of the relay, and the relay is 

the brain of the protection. The medium voltage circuit breakers are bigger than LV in size and 

are designed to break the high flow currents. Types of high voltage circuit breakers are Oil, Air 

blast and Vacuum. 

Types of circuit breakers are divided based on arc extinguish principles when circuit breakers 

disconnect power. Oil immersed type simple causes insulation between contractors and 

extinguishes the arc. In the Air blast type, the high-pressure air is blasted on contactors to 

extinguish the arc. Vacuum-type circuit breaker provides an excellent insulation barrier for the 

arc that needs to be extinguished. The classification of Circuit Breakers is shown in Fig. 2.6 below. 

Fuses

AC

HV

Cartidge Expulsion Liquid

LV

Cartridge
Drop-
outge

Rewirable

DC

HV

Cartridge

LV

Cartridge



 

 

Figure 2.6. General classification of circuit breaker 

2.5.3.1 Medium Voltage Circuit Breakers  

A medium voltage circuit breaker does not operate in principle like a low voltage circuit breaker 

because the medium voltage circuit breaker requires a relay to trip the breaker. However, the 

relay is connected to current, and voltage transformers are installed in the same panel and need 

a 110V Battery Tripping Unit (BTU) to keep the relay powered [16] [14]. It is crucial that BTU has 

constant power because if BTU is lost, then the relay will not operate, and the circuit breaker will 

not operate too. So, for that reason, it is a common practice to connect two BTU units in parallel 

to secure the power supply to the relay. The BTU also has a battery built-in backup system.  

MV switchboards are constructed of several single units. A typical MV switchboard is constructed 

of a busbar panel, MV circuit breakers, Busbar VT, and Load Bank units. Such configuration 

depends on a designed power system. A typical Data Centre has more than one income power 

supply connected by a Distribution Network Operator (DNO) to secure continuity of power 

supply. In such systems, the MV switchboard is built of several switchboard blocks 

interconnected. 
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In a medium range of voltage AC power systems, a protection study is required to achieve 

protection discrimination and is performed by engineers specialising in protection systems. 

Protection study also is conducted in low 400V systems in Data Centres and is called Low Voltage 

Protection Study. 

 

2.5.3.2 Low Voltage Power Circuit Breakers and Moulded Case Circuit Breakers 

In the 3-phase low voltage applications, typical circuit breakers are Moulded Case Circuit breakers 

(MCCB) and Power Circuit Breakers (PCB). PCBs MCCBs can be used as isolation circuit breakers 

that do not have an electronic control unit built in shown on Fig. 2.7. That sort of control unit 

makes PCBs and  

MCCBs are fully adjustable protective devices that can be adjusted accordingly to discrimination 

study in protection design. Low voltage PCBs and MCCBs are available in different max current 

flow ratings and fault current breaking capacities. A Control unit is an element that can be 

installed in MCCBs and change the MCCB characteristic to a fully adjustable circuit breaker. 

Without the unit, an MCCB is playing the function of an isolator with total load braking capacity. 

The Whole protection system is connected to Supervisory Control and Data Acquisition (SCADA) 

system, allowing the Total Facilities Management (TFM) Team to observe the system from the 

control room. 

 



 

 

 

Figure 2.7. Control unit of MCCB protection device - https://download.schneider-

electric.com/files?p_enDocType=Catalog&p_File_Name=LVPED217032EN.pdf&p_Doc_Ref=LVPE

D217032EN – [Accessed 28/11/2021] 

2.5.3.3 Protection and Metering Current Transformers 

A current transformer is a device that possesses the ability to convert a high current on the 

primary side to a lower magnitude on the secondary side Fig. 2.8. This transformation to low 

magnitude is required because the protection relays and meters would be destroyed by the load 

current and fault current level. Current Transformers (CT) are connected in series with the 

primary side. To achieve the high to low magnitude, ration a CT on the primary side has a small 

number of turns opposite to the secondary side, which has a large number. The ampere-turns 

(AT) relationship: 

https://download.schneider-electric.com/files?p_enDocType=Catalog&p_File_Name=LVPED217032EN.pdf&p_Doc_Ref=LVPED217032EN
https://download.schneider-electric.com/files?p_enDocType=Catalog&p_File_Name=LVPED217032EN.pdf&p_Doc_Ref=LVPED217032EN
https://download.schneider-electric.com/files?p_enDocType=Catalog&p_File_Name=LVPED217032EN.pdf&p_Doc_Ref=LVPED217032EN
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Figure 2.8. Circuit breaker types of general classification 

 

2.5.3.3.1 Protection and Metering Current Transformers  

To select the correct CT, we need to know factors like Ful Load Current (FLC). Next, the FLC must 

be increased by 20% compared to the manufacturer's current transformer size standards. The 

next factor is the accuracy value, as the higher accuracy CTs are used more for metering purposes. 

Another important piece of information is the fault current, as the CT must be able to withstand 

this value and the CT burden, which is the auxiliary stuff like cable resistance connected to the 

CT. The classification of CTs is shown on Fig. 2.9. 

The most essential element of sizing the CT is a ratio: 

𝑁𝑠

𝑁𝑝
=

𝐼𝑝

𝐼𝑠
 

If we select the secondary current as 5A, then the ratio of a CT can’t exceed this value and must 

be in the relation of 

Primary side of the current 

transformer 

Secondary side of the 

current transformer 



 

𝐶𝑇𝑟𝑎𝑡𝑖𝑜 =
𝐼𝑝

𝐼𝑠
=

𝐹𝐿𝐶

5𝐴
 

Because on the market manufactured CTs are with standard ratios like, e.g., 100/5 = 20, an 

adjustment is required. Any selected CT must not exceed 20 x Full Load Current with an error of 

10%. 

2.5.3.4 Relay types and application in Medium and Hight Voltage applications 

Relay is an electrical device used in the high and medium protection system application. When 

the relay detects a pick-up current is starting to operate and operates instantaneous or with time 

delay sending a signal to an MV or HV circuit breaker to operate. The relay operates based on the 

current and voltage transformers selection. The CT and VT transformer are the “eyes” of a relay 

and must be correctly selected and sized to be able to detect the designed fault current or the 

voltage level. It is also essential that during the selection and sizing of CTs and VTs, device 

tolerances are considered. 
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Figure 2.9. Current transformers classification 



 

Selecting the correct type of relay from a mechanical, electronic, or digital range of relays is the 

first step to achieving the minimum operating time. The minimum operation time of the relay 

itself can not only be achieved by selecting the correct type of relay but also by selecting a fast-

operating circuit breaker below 1ms. The electronic and digital relays have a wide range of “amp 

taps” that adjust the relay settings more precisely. Protection relay types and classifications are 

detailed in Appendix J and in tables Fig 2.11 and Fif.2.12 below. 

A selection of a protection relay nowadays is very different from days when only mechanical 

relays were in use. Today’s mainly used protection relay is a digital and multifunctional type of 

relay that combines more than one built-in function. An operating Time for the relay is set by the 

type of an operating curve like Standard Inverse, Very Inverse, Extremely Inverse, Long Time 

Inverse, Short Time Inverse, Inverse and Definite Time, and an example of the graph is presented 

below on Fig. 2.10. 

  

        

 

 

Figure 2.10. IEC 60255 IDMT Relay operating curves. 

b) Definite Time Delay curve 

a) IDMT types of Relay operating curves  



 

Approved equations to IEC standards: 

Standard Inverse Time: 𝑇𝑀𝑆 =
0.14

𝑀0.01−1
 

Very Inverse Time: 𝑇𝑀𝑆 =
13.1

𝑀 −1
 

Extremally Inverse Time: 𝑇𝑀𝑆 =
80

𝑀2−1
 

Long Time Inverse Time: 𝑇𝑀𝑆 =
120

𝑀 −1
 

Short Time Inverse Time: 𝑇𝑀𝑆 =
0.05

𝑀0.04−1
 

Inverse Time: 𝑇𝑀𝑆 =
9.4

𝑀0.7−1
 

Definite Time: This is the actual time to which relay is set e.g., relay curve D6 is telling that Definite 

Time is 6 seconds for TMS set to 1. If TMS is set to 0.3 then Definite Time will be 𝐷𝑇 = 6 ∗ 0.3 

which is 1.8s. 

Calculating the Time Multiplier Setting formula: 

𝑇𝑀𝑆 =  
𝑅𝑒𝑔𝑢𝑖𝑟𝑒𝑑 𝑅𝑒𝑙𝑎𝑦 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒

𝑇𝑖𝑚𝑒 𝑡𝑜 𝑂𝑝𝑒𝑟𝑎𝑡𝑒 𝑊𝑖𝑡ℎ 𝑎 𝑇𝑀𝑆 𝑜𝑓 1.0
 

Calculating the Plug Setting Multiplier formula: 

𝑃𝑆𝑀 =  
𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐹𝑎𝑢𝑙𝑡 𝑇𝑖𝑚𝑒

𝐶𝑇 𝑅𝑎𝑡𝑖𝑜
 



 

 

 

Table 2.11. Protection Relay classification 



 

 

Table 2.12. Protection Relay classification 

2.6 Summary 

In this chapter several papers have been reviewed which shows the importance of review of the 

literature related to the types of a power system construction, feature and protection device 

types and classifications. During this review I have proved that depending on the personal 

circumstances like location of the Data Centre and sensitivity of a reliable source of power 

determinates the use of renewal resources can be implemented in the power system design as 

an alternative source of power.  



 

The literature review discusses the differences between the available equipment, possible 

solutions and the types of the protection devices available on the market. It concludes why it is 

important to choose the right option for the designed in Data Centre power distribution system 

to provide its reliability. 

In the chapter 3 the calculation methodology presents the parameters of the predicted short 

circuit current, the equipment and cable impedances, the maximum load current needed to 

perform a protection study. The protection study itself is outside of this work, however, it is a 

common practice at the design stage of the power system to do it. 

  



 

Chapter 3    Calculations Methodology  

3.1 Introduction 

In this chapter a calculation methodology is presented to show what are the power source 

data, how power source impedance is calculated, short circuit current on the primary and 

secondary side of the transformer, cable impedances including the generator full load current 

and short circuit current. 

 

3.2 Power Source Short Circuit Current, Impedances, Full Load Current  

The following data was obtained from the DNO which illustrates the power sources parameters 

required to start the design the power system. Those parameters limit the size of the power 

system in Mega Watts (MW) that can be design, providing the voltage level, Short Circuit Current 

level, and impedance ratio. Based on the DNO parameters the designer can calculate power 

system impedances values. This is shown below in A and B figures. 

SCC = 7kA      (3.1) DNO Power System source data 

X/R ratio = 3.2 

Primary voltage = 11kV 

Short Circuit Current (SCC): 

𝑘𝑉𝐴𝑆𝑜𝑢𝑟𝑐𝑒 = √3 ∗ 𝑘𝑉𝐿−𝐿 ∗ 𝑆𝐶𝐶𝑆𝑜𝑢𝑟𝑐𝑒   (3.2) The max MVA of the Power Source 

𝑘𝑉𝐴𝑆𝑜𝑢𝑟𝑐𝑒 = √3 ∗ 11 ∗ 7000 

𝑀𝑉𝐴𝑆𝑜𝑢𝑟𝑐𝑒 =  133.368 

𝑍𝑆𝑜𝑢𝑟𝑐𝑒 = √(𝑅1
2 + 𝑋1

2)     (3.3) The Power Source Impedances 

𝑍𝑆𝑜𝑢𝑟𝑐𝑒 = √(22.411
2 + 71.611

2) 

𝑍𝑆𝑜𝑢𝑟𝑐𝑒 = 75.03 

𝑡𝑎𝑛−1(
𝑋

𝑅
)) 

𝑡𝑎𝑛−1(3.2) = 72.65 

𝑅1 = 𝑍𝑆𝑜𝑢𝑟𝑐𝑒 ∗ 𝑐𝑜𝑠𝛩  → (cos 72.65 =  0.2982);   

𝑅1 = 75.03 ∗ 0.2982 = 22.37 



 

𝑋1 = 𝑍𝑆𝑜𝑢𝑟𝑐𝑒 ∗ 𝑠𝑖𝑛𝛩  → (𝑠𝑖𝑛𝛩 =  𝑠𝑖𝑛72.65 =  0.2982); 

𝑋1 = 75.03 ∗ 0.9545 = 71.61 

 

 

3.3 Transformer Short Circuit Current and Full Load Current 

The following calculations illustrate the calculation methodology in terms to obtain Full Load 

Current (FLC) of the transformer and the Short Circuit Current (SCC) on the primary and 

secondary side of the transformer shown in figures A to D. This information is required to 

calculate the current levels for the relay not to operate. The relay must be sensitive adjusted and 

operate above the FLC current value which will be recognised by the relay as so called “pickup 

value” from which the relay starts to operate. The above is one of the reasons why the Short 

Circuit Current is calculated. Another reason why the SCC is calculated is to know what the 

maximum current level is expected during the fault condition in terms of install the equipment 

that can withstand a severity of the SCC. The basic transformer information is provided by the 

manufacture. 

Transformer data that are obtained from the manufacture are required to perform the power system 

design and protection study. 

VPrimary = 11000A, P = 2000KVA,     (3.4) Transformer Data 

ZTX = 6%, Vsecondary = 400/230   

The transformer full load current allows to know what the current full load is that will pass through a 

transformer before protection operates. This is important factor because wrongly calculated value will 

cause the nuisance tripping. 

𝐹𝐿𝐶𝑃𝑟𝑖𝑚 =
𝑀𝑉𝐴

(√3 ∗ 𝑉𝑃𝑟𝑖𝑚)
     (3.5) Transformer FLC primary side 

𝐹𝐿𝐶𝑃𝑟𝑖𝑚 =
250000

(√3 ∗ 11)
 

𝐹𝐿𝐶𝑃𝑟𝑖𝑚 = 13.12𝑘𝐴 



 

The value of the short circuit current tells the designer what the predicted maximum current on the 

primary side of the transformer is in the event of fault to install a protection to transformer against 

damage. 

𝑆𝐶𝐶𝑃𝑟𝑖𝑚 =
𝐹𝐿𝐶𝑃𝑟𝑖𝑚∗100

%𝑍𝑇𝑋∗√3∗𝑉𝑃𝑟𝑖𝑚
    (3.6) Transformer max SCC primary side 

𝑆𝐶𝐶𝑃𝑟𝑖𝑚 =
2000𝑘𝐴 ∗ 100

6 ∗ √3 ∗ 11𝑘𝐴
 

𝑆𝐶𝐶𝑃𝑟𝑖𝑚 = 1749.55𝑘𝐴 

The transformer full load current tells us what the current full load of the transformer before protection 

operates. This is important factor because wrongly calculated value will cause the nuisance tripping as it 

is difference between max full load current from min short circuit current that causes protection device 

to operate. 

𝐹𝐿𝐶𝑆𝑒𝑐 =
𝑇𝑋𝑟𝑎𝑡𝑖𝑛𝑔

(√3 ∗ 𝑉𝑆𝑒𝑐)
     (3.7) Transformer FLC secondary side 

𝐹𝐿𝐶𝑆𝑒𝑐 =
2000

(√3 ∗ 0.4)
 

𝐹𝐿𝐶𝑆𝑒𝑐 = 2887𝑘𝐴 

The value of the short circuit current tells the designer what the predicted maximum current on the 

secondary side of the transformer during the fault is to protect transformer against damage by the  

selection of the correct protection device. 

𝑆𝐶𝐶𝑆𝑒𝑐 =
𝐹𝐿𝐶𝑆𝑒𝑐∗100

%𝑍𝑇𝑋
     (3.8) Transformer max SCC on secondary side 

𝑆𝐶𝐶𝑆𝑒𝑐 =
2887 ∗ 100

6%
 

𝑆𝐶𝐶𝑆𝑒𝑐 =
2887

0.06
 

𝑆𝐶𝐶𝑆𝑒𝑐 = 48116𝑘𝐴 

 

 



 

3.4 Cable Impedances and Full Load Current 

 

A medium voltage cable that has insulation rated between 1000V to 36,000V and is standardised by British 

Standards (BS) BS6622/BS7835/ and International Electrotechnical Commission (IEC) under IEC 60502-2, 

60909 [17]. This standard regulates single and multi-core cables, the armoured and the un-armoured, and 

testing cable scope. The MV cable is more complex in construction than the LV cable, and in higher voltage 

applications, the high voltage pressure is on the outer part of the cable/insulation.  

The standardisations of BS7671 refer to single and multi-core armoured and un-armoured cables and the 

testing procedure. In the design process, the cables are chosen using design current, voltage drop factors, 

working cable environment, ambient temperature, and the installation system.  

The rating of the cable installed on the MV side must be min 11kV with screening, and this is due to 

eliminating stress on the insulation. Conductor size depends on Full Load Current (FLC) and voltage drop. 

However, the voltage drop is determined by conductor resistance, reactance, and cable length. 

The cable impedance calculation is required to evaluate the short circuit current to make sure the 

protection device will operate in the required time. The calculated total short circuit current includes all 

the equipment impedances.  

Length – 40m = 0.040KM, R = 0.196Ω/KM,   (3.9) Data Sheet 

X = 0.096Ω/KM  

𝑍 = √𝑅2 + 𝑋2      (3.) Cable impedance calculation 

𝑍 = √0.1962 + 0.0962 

𝑍 = 0.2182Ω/KM 

𝑍 = 0.2182 ∗ 0.040 

𝑍 = 0.0008729Ω 

 

3.5 Generator Full Load Current and Short Circuit Current 

The following calculations illustrate the calculation methodology in terms to obtain Full Load 

Current (FLC) and the Short Circuit Current (SCC) shown in figures A and B. The FLC value is 



 

required to know the current levels to ensure the protection will not operate. The SCC value is 

calculated not only for to calculate protection’s “pickup” current level from which the relay will 

start to operate but also to install the equipment that can withstand the SCC level. The basic 

transformer information is provided by the manufacture. 

- P = 2000MW/2500kVA    (5.1) Generator manufacture data 

- V = 11kV 

- PF = 0.8 

- Subransient Xd’’ = 11.5 

- Generator Time Constants (manufacture data): 

- Td’’ – Sub-transient in seconds = 19ms 

- Td’ – Transient in seconds = 311ms 

- Ta - Armature in seconds = 34ms 

- If - Field current (typical 1 – 3 Ifg) = 3 

- Ifg – Field current at load = 0 and at rated voltage (typical 1p.u.) = 1 

 

The full load current calculation of the generator in the principles does differ from the calculation of the 

other power system elements.  

 
𝑘𝑉𝐴

√3∗𝑘𝑉𝐿−𝐿
       (5.2) Calculation of max FLC 

2500

(√3 ∗11)
 = 131A 

The value of the short circuit current tells the designer what the predicted maximum current to protect 

the generator winding against damage the protection is installed on primary side as well as on secondary 

side during the fault condition. 

(𝐹𝐿𝐶∗100)

𝑋𝑑′′      (5.3) Calculation of mas SCC 

(131∗100)

11.5
 = 1139A 

3.6 Summary 

This chapter presents the main power source data that are obtained from the DNO, the 

equipment manufacturers datasheet and cable impedance in terms of performing power system 



 

design and protection study. During the power system design, the designer must calculate SSC 

and FLC as the protection engineer's basic values to ensure that the protection devices will 

operate in the required time and avoid nuisance tripping. The nuisance tripping is an effect of 

misunderstanding the difference between fill load current and minimum short circuit current. 

The difference is minimal however the calculation must include the difference. 

All the calculations utilised the commonly used in power system calculation basic formulas.  

The chapter 4 presents the proposed power system network design and four case studies 

performed on the high-voltage and low-voltage side of the system. 



 

Chapter 4.   Proposed Network Design and Case Study  

4.1 Proposed Power Distribution System in Data Centre 

The figure 4.1 illustrates the proposed power distribution system in a typical Data Centre.  The 

figure contains 4 DNOs supplies connected to two independent upstream network 11kV buses to 

increase the security of continuity of the power supply. The second level of 11kV busses are 

connected to the DNOs upstream busses and to the 5 numbers of 11kV diesel generators as a 

power supply back-up system. Those 5 generators can deliver max 10 MW of power, however 

because of the configuration in the N+1 the, only four generators will operate as the backup 

because one generator is redundant. In case of loss, all two DNOs supply the generators will turn 

on and synchronised and as soon as the synchronisation is achieved, the circuit breaker will close, 

and power is supplied to the network. All this will take approximately 20- 30 seconds. 

The installed 3-phase 11kV voltage cables connect the busses via medium voltage circuit 

breakers. Because the system is supplied from two different upstream networks permanently 

connected the designed system must keep this separation. This separation is ensured by “Normal 

Open” condition of the circuit breaker that can be closed when one on the DNO supply is not 

available. The protection system at the 11kV voltage level is configured according to the design 

requirement standards and consists of a relay and medium voltage circuit breaker where the 

relay controls the operation of the circuit breaker.   

Further downstream 7 numbers of transformers are connected between 11kV and 400V busses 

via MV cable upstream and LV cable downstream. All the transformers are of the size of 

11kV/400V 2MVA. Each transformer has a single 11kV supply and covers a power demand of max 

1 MVA. However, each of transformer is capable of covering the supply-demand of two 2MVA 

loads. The configuration of working independently from each other covers only 50% of its power 

demand capability, allowing the transformer to be shut down for periodic maintenance. Another 

benefit of this is when a fault current occurs to the transformer or any equipment associated 

with the transformer, then the adjacent transformer that is linked to it vie a “Normal Open” low 



 

voltage circuit breaker is capable of supplying the power to more than one number of loads with 

the maximum of 1MVA power demand. 

All the loads are supplied from local low-voltage switchboards to which the transformer is 

connected. Then from this switchboard panel low voltage cables are connected to the UPS. The 

UPS system consists of 3 numbers of 1MVA UPS in configuration N+1 is connected between the 

transformer’s switchboard and the load switchboard. The UPS has its own built-in protection that 

shuts down the UPS in case of an internal fault. The installed UPSs are the “on-line” types of the 

UPS system and has an installed battery system via DC protection distribution panels with the DC 

protection fuses. The installed battery system is to supply the power to the power supply. Via 

UPS. The installed battery system is powerful enough to supply power for about 8 minutes and 

which is enough for the generators to start supplying power to the system.  

The data racks are connected to AC Power Distribution Units (PDU) incorporated in protection 

devices protecting supply cable to the data racks. 

 

  

 



Figure 4.1. Proposed power distribution system in Data Centre 



4.2 Protection Coordination according to IEC standards in Proposed Power 

Distribution System in Data Centre – case studies 

4.2.1 Case Study 1 Protection coordination on 11kV bus bar. 

The purpose of this case study is to look at a part of the network which includes eight distribution 

11kV/400V transformers on Fig. 4.2. In this case study, if the 11kV bus becomes faulty, both 

upstream relays will send the signal to the associated circuit breakers to disconnect the power to 

the transformers. The power, in this case, will be handled by the second section of the DNO 

supply. In this case study, there are two relays however, only two upstream relays will operate 

to isolate the power in case there is a fault on the busbar.  

The output report in Fig. 4.3 shows the relay and circuit breaker's operation sequence. At the 

short circuit current of 12.975 kA the relay 2 operation time is 76.6 ms, and the associated circuit 

breaker CB40 is 10ms, which is extremely fast below 100ms. The relay 1 operation time compared 

to relay 2 is longer and is 91.9 ms. The difference of 15.3 ms between the operation time of relays 

2 and 1 is because relay 2 is closer to the fault causing relay 2 to operate first. The operation time 

discrepancy can also be caused by manufacturers in production components differences of a 

relay, and it is impossible to achieve two precisely the same relays that can deliver the same 

operation time. 

On the graph, we can see that cable protection has been achieved as well as the buss bar by 

clearing the faulty bus bar within 102ms. In this situation, the power is supplied from the second 

DNOs supply. The miscoordination shown on the graph is irrelevant to the presented scenario 

because the main aim is to disconnect the faulty bus bar quickly from the rest of the network.



 

Figure 4.2. Sequence of protection operation 



 

 

Figure 4.3. The time current curve and protection devices operation under fault simulation

a) Devices under the fault simulation 

a) Devices Time Current Curves under the fault simulation 



4.2.2 Case study 2 Protection coordination on 400V bus bar in normal operation with open CB 

between two separate transformer feeders. 

In this case study graphically presented on Fig. 4.4 the fault of 21.488kA happened on the low 

voltage side of the transformer TX3. The fault that occurred to the Bus10 caused the low voltage 

circuit breaker CB7 to operate and clear the fault within 80ms after 120ms, the circuit breaker 

CB8 opened too. The reason for setting both CBs to operate is to ensure the disconnection of the 

faulty part of the installation from the TX3 in terms of protecting the transformer from damage. 

The CB7 also is in coordination with CB9 and CB75 in another scenario. 

On the graph in Fig. 4.5, we can see that the equipment is well protected by the coordination and 

protection has been achieved. In this situation, the power supply is continued as the CB9 installed 

to the link between TX3 and TX8 further down of the single supply will close. The miscoordination 

shown on the graph is irrelevant to the presented scenario because the main aim is to disconnect 

the faulty bus bar quickly from the rest of the network. 

 

 



 

Figure 4.4. The sequence of protection operation 



 

 

 

 

Figure 4.5. The time current curve and protection devices operation under fault simulation

a) Devices under the fault simulation b) Devices Time Current Curves under the fault simulation 



4.2.3 Case study 3 Protection coordination on 400V cable in fault condition in with closed CB 

feeding from another transformer when primary transformer is de-energised for maintenance 

purpose Fig. 4.6. 

 

This case study is the sequence of the operation of the protection devices CB7, CB9 and CB75. 

The fault of 30.36kA appeared on the low voltage side to cable 29 supplied from a transformer 

TX8. This scenario is an example of the critical moment when the data rack relies on one supply 

only due to shut down of the TX3 transformer for maintenance.   

In this situation, the fault causes the low voltage circuit breaker CB7 to operate and clear the 

fault within 80ms, because the fault has not been cleared within 80ms, then the CB9 operates 

too. The CB75 is the backup of those two that have cleared the fault. 

The reason for setting this sequence of operation of all the CBs is to ensure the disconnection of 

the faulty part of the installation from the TX3 in terms of protecting the transformer from 

damage. The CB7 also is in coordination with CB9 and CB75 in another scenario. 

On the graph in Fig. 4.7, we can see that the equipment is well protected by the coordination and 

protection has been achieved. In this situation, the power supply is continued as the CB9 installed 

to the link between TX3 and TX8 further down of the single supply will close. The miscoordination 

shown on the graph is irrelevant to the presented scenario because the main aim is to disconnect 

the faulty bus bar quickly from the rest of the network. 

 

 



 

Figure 4.6. The sequence of protection operation 
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b) Devices Time Current Curves under the fault simulation  

Figure 4.7. The time current curve and protection devices operation under fault simulation

a) Devices under the fault simulation 



4.2.4 Case study 4 Protection coordination on 11kV cable in fault condition in normal operation state.   

The purpose of case study shown in Fig. 4.8 is to look at a part of the network which includes 

11kV/400V cables interconnected to provide bypass of the supply at 11kV voltage level. In this 

case study, if the 11kV cable becomes fault condition then relays 16, 15,25 and 31 will operate in 

the required sequence and send the signal to the assigned to the relay’s circuit breakers to clear 

the fault. The power, in this case, will be supplied from the upstream bus bars anyway. This 

interconnected cable is live and does not play a crucial role during normal operation. This will 

change when one of the upstream bus bars is in fault so the power without interruption is 

transferred through cable 29 to the transformers. 

The output report shows the relay and circuit breaker's operation sequence. At the short circuit 

current at relay 16 is at 25.702 kA, at relay 15 is 0.781 kA, at relay 25 is 24.935kA and at relay 31 

is 25.695kA. The disconnection times are various and are shown on the output report below. The 

sequence of the operation of the relays shows that relay 16 opens all the breakers assigned to it. 

If relay 16 fails to operate, then relays 15 and 31 open the required circuit breakers. 

The operation time discrepancy can also be caused by manufacturers in production components 

differences of a relay, and it is impossible to achieve two precisely the same relays that can deliver 

the same operation time. 

In the graph in Fig. 4.9, we can see that cable protection has been achieved as well as the buss 

bar by clearing the faulty bus bar within 102ms. In this situation, the power is supplied from the 

second DNOs supply. The miscoordination shown on the graph is irrelevant to the presented 

scenario because the main aim is to disconnect the faulty bus bar quickly from the rest of the 

network. 



 

 

 

Figure 4.8. The sequence of protection operation 



 

 

b) Devices Time Current Curves under the fault simulation  

Figure 4.9. The time current curve and protection devices operation under fault simulation

a) Devices under the fault simulation 



4.3 Summary  

The intention of presenting case studies was to show the operation of the protection devices during 

various scenarios of fault conditions in the designed 11kV/400V power distribution network in the Data 

Centre. The protection devices data used in Case studies 4.2.2 and 4.2.3 shall operate in the required by 

BS7671 regulation time of 400ms. In Case study 4.2.2, applied protection cleared the fault within 120ms 

which is faster than the required value. Like this, in case study 4.2.3, the faulty part of the system 

was isolated within 300ms.  

Case studies 4.2.1 and 4.2.4 related to the high voltage part of the distribution system of the network 

prove that the protection isolates the faulty element below the required by IEC regulations 200ms 

disconnection time. In case study 4.2.1, the disconnection time was limited to 102ms and in case study 

4.2.4 the max disconnection time of the faulty system was 169ms. 

All these four case studies have proven protection devices' sensitivity and selectivity. Protection has 

detected the fault condition and has responded correctly by operating below the required time and it is 

highly selective because isolating the faulty part of the power system keeps the rest of the power system 

in uninterrupted operation and continues supplying power to data racks 

  



 

Chapter 5   Conclusion and Future Work 

5.1 Conclusion 

This research compares environmentally and not environmentally friendly Data Centres to show a 

preferred distribution power system used in Data Centres in the UK. The work has discussed that no 

environmentally friendly type of Data Centre is preferred to be used in the UK. The reason is that 

renewable resources are not a reliable energy source and are more costly, including maintenance. 

Additionally, to that the renewable source of energy requires more space, e.g., a big space for the solar 

panels, to be installed to achieve significant power output to be able to cover the Data Centres load 

demand and, in this case, would be an 8MW. A Data Centre require a highly reliable power source, a 

simple in construction power distribution system and equipment and maintenance running 24/7 to ensure 

that data racks are receiving uninterruptable power flow. This can only be achieved using a reliable 

connection to the power grid with a diesel generator backup and an “In-line” UPS system.  

The main subject of this thesis is the protection coordination in the preferable power distribution system 

used in Data Centre and the power distribution system size is 11kV/400V AC. The project has several 

protection coordination simulations performed on the MV and LV sides of the power system by creating 

a simulated short circuit fault. To ensure the correct size of equipment is selected correctly, I had to 

calculate the step-down transformer size that is able to cover power demand in both circumstances 

working as normal and when one transformer has been disconnected, and power is transferred to another 

load via interconnecting path. Also, the size of the cable on the MV and LV sides was a challenge, as the 

voltage drop and current carrying capacity of the cable must be considered when doing the sizing.  All 

protection components’ segregation and adjustment are required to analyse to operate correctly and be 

highly selective and fast. In the case study, I have presented that protection coordination has been 

achieved in several fault simulations on all voltage levels. I had to consider disconnection time and 

protection device coordination when the circuit breaker that usually is open will close to provide the 

power supply using another source.  

The software I have used has some limitations, like a max of 50 Bus Bars and UPS analyse, so for that 

reason, this work does not consider UPS fault analyse to show the total capability of the software. 

5.2 Future Work 

Protection coordination in this thesis is limited to power supplied from the grid and does not consider 

protection coordination in case of loss of main power Fig. 5.1. This subject is for future work to consider 



 

protection coordination in an 11kV/400V 50Hz power distribution system supplied by a diesel generator 

working as the backup system earthed via Neutral Earth Resistor. The investigation should show that 

protection detects loss of main power, operation of the UPS system taking power from the battery backup 

system until generators are synchronised, and closed-circuit breaker to allow energy to be supplied to the 

system.



 

Figure 5.1. The future work generator back-up system 

However, the main challenge is to present protection coordination on short circuit current fault in the back-up generator system that disconnects 

faulty generator without causing the whole back-up system to shut down, as well as fault current not damaging the generator’s alternator. A 

Neutral Earth Resistor is used to limit the high current flows through an alternator and could cause damage to it. The size of the resistor must be 

calculated, but generator manufacture data gives the required information for max current flow.
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Appendix A: Utility Company Data 

 

  



 

Appendix B: Data Centre Overview 

 

 

 



 

Appendix C: MV Protection Data 

 

 

 



 

Appendix D: Power Breaker Data sheet 

 



 

 



 

Appendix E: MCCB Data Sheet 

 



 

 

 



 

Appendix F: Metering CTs Data Sheet 

 

  



 

Appendix G: Power Transformer Data Sheet 

Transformer: 

 

 

 



 

 



 

 

 

  



 

Appendix H: MV Cable Data Sheet 

 



 

 

 



 

 

 



 

Appendix I: LV Cable Data Sheet 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

Appendix J: ANSI Table 

 

 

 

 

 



 

 

 

 

 

 



 

 


