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1.0 MODELLING INFORMATION 

1.1 Description 

The modelling is based on a representation of the data centre electrical and cooling infrastructure, 
which is depicted below in a generic manner. The electrical infrastructure is composed of electrical 
equipment to the IT whitespace, the cooling system and other loads, such as BMS system, lighting, 
etc. The cooling system consists of the cooling equipment serving the IT whitespace, typically CRAH 
units and associated chilled water cooling plant, mass air free cooling units, and cooling equipment 
serving other loads, such as split system for battery rooms, etc. A similar process is modelled for the 
water usage. 

This diagrammatic representation is generic and adapted for each modelled cooling infrastructure. 

The modelled data centre is based on the following: 

2 data halls of design IT capacity of 1,000kW each; 

Electrical distribution to the IT based on a 2N system with 2(N+1) UPS module. 
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1.2 Common infrastructure 

1.2.1 Electrical Infrastructure 

The following diagram highlights the electrical infrastructure used in the study. The electrical 
infrastructure is topologically common to all cooling system modelled. As indicated in the diagram, 
the cooling system energy demand is included in the electrical infrastructure. Hence different cooling 
systems will affect the distribution and transformer losses – although this effect is not expected to be 
significant compared to the cooling system energy consumption itself. 

 

 

The electrical infrastructure equipment is modelled on the basis of the following equipment 
information:

UPS System: 

Module size 250kW 

Qty at N 9 

Qty at 2(N+1) 20 

Efficiency:  25% load: 95.5% 
50% load: 96.0% 
75% load: 95.5% 
100% load: 
95.0% 

 

Distribution: 

Loss 2% of load 
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Size 2000kW 

Quantity 4 

Loss Quadratic 
polynomial 
function 

100% load Losses 44kW 
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1.2.2 Water Infrastructure 

The diagram below shows the modelled water infrastructure, which is common to all cooling systems. 
The water usage is divided into constant uses for sanitary and fire testing purposes and cooling 
system use. The air-cooled chiller cooling system do not use water, and the water usage for these 
system is solely for sanitary and fire testing. 

 

 

The water demand is modelled on the basis of the following equipment information: 

 
Sanitary: 

 

 

 
Fire Testing systems: 

N test 1 per 
month 

Test duration 1h 

% water discharged to sewer 10% 

Sprinkler Fire Pump (qty 2) 50l/s 

Sprinkler Jockey Pump (qty 1) 50l/s 

Hydrant Fire Pump (qty 2) 50l/s 

Hydrant Jockey Pump (qty 1) 50l/s 
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1.3 System 1: Legacy air cooled chilled water system 

The image below highlights the legacy air-cooled cooling system modelled.  

The cooling system is based on a central chilled water system with CRAH units serving the data halls 
and electrical rooms. The chilled water system is supported by legacy air cooled chillers with primary 
chilled water pumps.  

In addition to the main cooling system, the following systems are included: (a) split system serving the 
battery room, which is modelled on the basis of an annualised COP, and (b) fresh air AHU. These 
systems are included for completeness but are not expected to have a significant influence on the 
modelling outcomes and are modelled identically in all systems. 

This cooling system uses water for the AHU humidity control system only. 

 

 

The cooling system is modelled on the basis of the equipment information listed in section 1.9.  

An energy derating of 20% has been applied to CRAH units and secondary pumps to represent 
performance degradation due to aging. 
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1.4 System 2: Water cooled chilled water system with open-circuit cooling towers 

The image below highlights the water cooled cooling system modelled. 

The cooling system is based on a central chilled water system with CRAH units serving the data halls 
and electrical rooms. The chilled water system is supported by water cooled chillers with primary 
chilled water pumps and open-circuit cooling towers for heat rejection. 

In addition to the main cooling system, the following systems are included: (a) split system serving the 
battery room, which is modelled on the basis of an annualised COP, and (b) fresh air AHU. 

This cooling system uses water for the cooling tower heat rejection and AHU humidity control system. 

 

The cooling system is modelled on the basis of the equipment information listed in section 1.9.  
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1.5 System 3: High efficiency air cooled chilled water system 

The image below highlights the high efficiency air-cooled cooling system modelled.  

The cooling system is based on a central chilled water system with CRAH units serving the data halls 
and electrical rooms. The chilled water system is supported by high efficiency air cooled chillers with 
primary chilled water pumps.  

In addition to the main cooling system, the following systems are included: (a) split system serving the 
battery room, which is modelled on the basis of an annualised COP, and (b) fresh air AHU. 

This cooling system uses water for AHU humidity control system. 

 

 

The cooling system is modelled on the basis of the equipment information listed in section 1.9.  
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1.6 System 4 & 5: Munters DCiE 24°C and 27°C supply temperature 

The image below highlights the Munters DCiE cooling system modelled.  

The cooling system is based on Munters DCiE Indirect Evaporative Cooling (IEC) cooling units serving 
the data halls and DX condenser CRAC units for the electrical rooms.  

In addition to the main cooling system, the following systems are included: (a) split system serving the 
battery room, which is modelled on the basis of an annualised COP, and (b) fresh air AHU. 

This cooling system uses water for the Munters DCiE cooling units and AHU humidity control system. 

 

 

The cooling system is modelled on the basis of the equipment information listed in section 1.9.  

 

1.7 Modelling Approach 

This study is based on numerical models of the energy and water usage within the site. The energy 
and water usage is associated with the equipment electrical and cooling demand, as well as fixed 
loads associated with the operation of the data centre. 

The aim of this model is to represent the system using laws and physical equations. This results in a 
‘law-driven’ model, which enables parametric modelling of the system. The numerical model 
represents the performance of groups of components, such as UPS, CRAHs, etc using performance 
curves or maps together with a representation of their control.  
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The scope of this study is limited to typical components serving the electrical and cooling 
infrastructure of a data centre with a view of comparing the performance of different cooling systems 
in relation to energy and water usage. This study is not aimed at providing a performance benchmark 
for a given system at a specific site. 

1.8 Limitations 

The use of numerical modelling to simulate building performance provides an estimate only. This 
estimate is based on a necessarily simplified and idealised version of the building attributes that does 
not and cannot fully represent all the intricacies of the live building in operation. As a result, results 
only represent an interpretation of the potential performance. No guarantee or warrantee of building 
performance in practice can be based solely on results of simulation. 

The modelling presented in this study is based on nominal equipment performance and loads, which 
are not based on a specific site. 
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1.9 Cooling System Model Parameters Schedule 

The following table shows the modelling parameters for the considered systems: 

Item System 1 
Legacy air-cooled 

chillers 

System 2 
Water cooled chillers 

System 3 
High efficiency air-

cooled chillers 

System 4 
Munters DCiE [24°C 

Supply temperature] 

System 5 
Munters DCiE [27°C 

Supply temperature] 
      

 

     
Battery Room Split 
System 

     

COP (annualised) 2.0 2.0 2.0 2.0 2.0 

Cooling units serving 
Data Hall 1 

     

Type Water cooled CRAH Water cooled CRAH Water cooled CRAH Munters DCiE Munters DCiE 

Quantity 7 7 7 6 6 

Resilience N+1 N+1 N+1 N+1 N+1 

Cooling capacity 200kW 200kW 200kW 220kW 220kW 

Control Fixed speed of 70% Controlled to meet the load 
Controlled to meet the 

load 
Controlled to meet the 

flow 
Controlled to meet the 

flow 

Data hall fan input power 8.7kW 8.7kW 8.7kW 17.3kW 17.3kW 

Data hall airflow 12.3m3/s 12.3m3/s 12.3m3/s 14.9m3/s 14.9m3/s 

Design supply/return air 
temperature 

15/23°C 22/36°C 22/36°C 24/36°C 27/39°C 

Achieved temperature 
differential 

8°C 12°C 12°C 12°C 12°C 

Derating 20% - - - - 

Design ambient 
conditions 

- - - 
42.8°C 

10.75g/kg 
42.8°C 

10.75g/kg 

Minimum temperature 
for wet use 

- - - 5°C 5°C 

Scavenger airflow - - - 12.3m3/s 12.3m3/s 

Scavenger fan input 
power 

- - - 11.9kW 11.9kW 
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Item System 1 
Legacy air-cooled 

chillers 

System 2 
Water cooled chillers 

System 3 
High efficiency air-

cooled chillers 

System 4 
Munters DCiE [24°C 

Supply temperature] 

System 5 
Munters DCiE [27°C 

Supply temperature] 
      

 

     
Compressor COP - - - 3.77 3.77 

Affinity law coefficient 3 3 3 3 3 

Bleed rate - - - 20% 20% 

Derating 20% - - - - 

Cooling units serving 
Data Hall 2 

As per Data Hall 1 As per Data Hall 1 As per Data Hall 1 As per Data Hall 1 As per Data Hall 1 

Cooling units serving 
electrical room 

     

Type Water cooled CRAH Water cooled CRAH Water cooled CRAH DX cooled CRAC DX cooled CRAC 

Quantity 6 6 6 6 6 

Resilience N+1 N+1 N+1 N+1 N+1 

Cooling capacity 75kW 75kW 75kW 75kW 75kW 

Control Fixed speed at 70% Controlled to meet the load 
Controlled to meet the 

load 
Controlled to meet the 

load 
Controlled to meet the 

load 

Fan input power 8.9kW 4.5kW 4.5kW 4.5kW 4.5kW 

Airflow 12.6m3/s 6.3m3/s 6.3m3/s 6.3m3/s 6.3m3/s 

Supply air temperature 18°C 22°C 22°C 22°C 22°C 

Return air temperature 23°C 32°C 32°C 32°C 32°C 

DX COP - - - 2.38 @ 45°C 2.38 @ 45°C 

Affinity law coefficient 3 3 3 3 3 

Derating 20% - - - - 

Secondary chilled water 
pumps 

     

Quantity 4 4 4 - - 

Redundancy N+2 N+2 N+2 - - 

Glycol No No No - - 

Water flow rate 42.7l/s 42.7l/s 42.7l/s - - 
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Item System 1 
Legacy air-cooled 

chillers 

System 2 
Water cooled chillers 

System 3 
High efficiency air-

cooled chillers 

System 4 
Munters DCiE [24°C 

Supply temperature] 

System 5 
Munters DCiE [27°C 

Supply temperature] 
      

 

     

Pump control 
Pressure control to 30% 
minimum pump speed 

Pressure control to 30% 
minimum pump speed 

Pressure control to 30% 
minimum pump speed 

- - 

Pump power 17.1kW 17.1kW 17.1kW - - 

Design chilled water 
flow/return temperature 

12/18°C 18/24°C 18/24°C - - 

Achieved chilled water 
temperature differential 

4.5°C 6°C 6°C - - 

Affinity law coefficient 2 2 2 - - 

Derating 20% - - - - 

Chiller      

Type 
Air cooled chiller with 
free cooling (legacy) 

Water cooled chiller 
High efficiency air cooled 

chiller 
- - 

Quantity 4 5 4 - - 

Redundancy N+1 N+1 N+1 - - 

Cooling capacity 847kW 819kW 847kW - -- 

COP 2.0 @ 50°C DB ambient 4.3 2.92 @ 50°C DB ambient - - 

Efficiency 
Load and ambient 

temperature dependent 

0.9% efficiency per degree of 
condenser water 

temperature 

Load and ambient 
temperature dependent 

- - 

Water flow rate 33.8l/s 24.8l/s 33.8l/s - - 

Water flow/return 
temperature 

12/18°C 18/24°C 18/24°C - - 

Pump power 4.7kW 4.7kW 4.7kW - - 

Water side economiser 
approach temperature 

- 3°C - - - 

Cooling towers      

Type - Open circuit cooling tower - - - 

Quantity - 4 - - - 
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Item System 1 
Legacy air-cooled 

chillers 

System 2 
Water cooled chillers 

System 3 
High efficiency air-

cooled chillers 

System 4 
Munters DCiE [24°C 

Supply temperature] 

System 5 
Munters DCiE [27°C 

Supply temperature] 
      

 

     
Redundancy - N+1 - - - 

Cooling capacity - 1500kW - - - 

Water flow rate - 45.2l/s - - - 

Pump input power - 4.4kW - - - 

Water flow/return 
temperature 

- 38.5/48.5°C - - -- 

Water approach 
temperature 

- 6.3°C - - - 

Airflow - 21.9m3/s - - - 

Fan power - 8.7kW - - - 

Pan heater - 6kW - - - 

Cycle of concentration - 6.0 - - - 

AHU      

Quantity 1 1 1 1 1 

Air volume 2200m3/h 2200m3/h 2200m3/h 2200m3/h 2200m3/h 

Supply temperature 24°C 24°C 24°C 24°C 24°C 

Supply relative humidity 60% 60% 60% 60% 60% 

DX cooling coil COP 
(annual) 

2.0 2.0 2.0 2.0 2.0 

Heating COP 1.0 1.0 1.0 1.0 1.0 

Humidifier 
Based on latent heat of 

evaporation 
Based on latent heat of 

evaporation 
Based on latent heat of 

evaporation 
Based on latent heat of 

evaporation 
Based on latent heat of 

evaporation 
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2.0 RESULTS PRESENTATION 

2.1 Weather 

The modelling uses the following weather information: 

• IWEC hourly weather file; 

• Location: Abu Dhabi; 

• Weather station: WMO 412170; 

• Latitude: 24.43° N and longitude: 54.65° E; 

• Elevation: 27m. 
 

This weather file is also the closest IWEC hourly weather file to Dubai and hence is also used for this 
location. 

2.2 Utility Costs 

The modelling uses publicised utility costs for the Abu Dhabi and Dubai location as follows: 

• Abu Dhabi: Costs are based on the Water & Electricity Tariffs 2017 document issued by Abu Dhabi 
Distribution Co and are as follows: 

o Water costs: AED7.84 per 1,000 litres; 

o Electricity costs: 27.0 fils per kWh outside of peak hours and 36.6 fils per kWh 
during peak hours. 

• Dubai: Costs are based on the Slab Tariff published on the Dubai Electricity and Water Authority 
website. Costs exclude fuel surcharge. The costs use the following sliding scales: 

o Water costs: 3.5 fils per Imperial gallons (IG) for consumption between 0 and 10000 
IG, 4.0 fils per IG for 10001 to 20000 IG and 4.6 fils per IG for consumption above 
20001 IG; 

o Electricity costs: 23 fils per kWh for consumption between 0 to 10000kWh, and 38 
fils per kWh for consumption above 10001kWh. 

2.3 Results 

The analysis is repeated for all systems at the following IT utilisation rates: 

• 40% IT utilisation; 

• 60% IT utilisation; 

• 80% IT utilisation; and 

• 100% IT utilisation. 
 

Figure 1 shows the predicted monthly energy and water usage for the 5 modelled systems under 
100% IT utilisation. The air-cooled chiller based solutions (systems 1 and 3) have very low water 
consumption compared to the other systems, but generally have higher energy consumption.  

System 2, water cooled chillers, water consumption is dominated by the cooling towers, which uses 
evaporation as the primary means of heat dissipation. The energy consumption for this system is 
showing a drop in winter months due to the system operating in free cooling, i.e. the cooling towers 
are used to provide cooling directly to the chilled water using a free cooling heat exchanger. This 
effect is limited to the winter months when the ambient temperature is adequate. 

The Munters DCiE cooling systems shown as systems 4 and 5 are showing the lowest energy 
consumption and a water consumption lower than the water-cooled chiller system 2. Increasing the 
supply air temperature (system 5) allows for the energy and water consumption to be further reduced 
as the ambient air provides a higher amount of heat dissipation in relation to the data hall 
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environment. An additional benefit of the increased supply air temperature is the lower reliance on 
mechanical cooling. 

 

 

System 1: Legacy Air-Cooled Chillers 

System 2: Water Cooled Chillers 

System 3: High Efficiency Air-Cooled Chillers 

System 4: Munters DCiE [24°C SAT] 

System 5: Munters DCiE [27°C SAT] 

Figure 1 - Monthly energy and water usage for all system modelled at 100% IT utilisation. 
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The following table summarises the modelling results, including energy and water usage as well as estimated annual operating costs. Operating costs are based 
on utility costs only derived from the modelling. 

 

Item System 1 
Legacy air-cooled 

chillers 

System 2 
Water cooled chillers 

System 3 
High efficiency air-

cooled chillers 

System 4 
Munters DCiE [24°C 

Supply temperature] 

System 5 
Munters DCiE [27°C 

Supply temperature] 
      

 

     
40% IT utilisation      

PUE 1.72 1.37 1.40 1.19 1.16 

WUE 0.133l/kWh 3.013l/kWh 0.133l/kWh 2.122l/kWh 1.902l/kWh 

Annual energy use 12,350MWh 9,820MWh 10,020MWh 8,550MWh 8,330MWh 

Annual water use 940m3 21,130m3 940m3 14,890m3 13,350m3 

Annual operating costs – 
Abu Dhabi 

AED 3,600k AED 3,000k AED 2,900k AED 2,600k AED 2,500k 

Annual operating costs - 
Dubai 

AED 4,700k AED 3,900k AED 3,800k AED 3,400k AED 3,300k 

60% IT utilisation      

PUE 1.63 1.33 1.35 1.18 1.14 

WUE 0.089l/kWh 2.776l/kWh 0.089l/kWh 1.916l/kWh 1.737l/kWh 

Annual energy use 17,560MWh 14,350MWh 14,510MWh 12,640MWh 12,280MWh 

Annual water use 940m3 29,190m3 940m3 20,170m3 18,280m3 

Annual operating costs – 
Abu Dhabi 

AED 5,100k AED 4,400k AED 4,200k AED 3,800k AED 3,700k 

Annual operating costs - 
Dubai 

AED 6,700k AED 5,700k AED 5,600k AED 5,000k AED 4,800k 

80% IT utilisation      

PUE 1.57 1.32 1.34 1.18 1.15 

WUE 0.067l/kWh 2.671l/kWh 0.067l/kWh 1.780l/kWh 1.646l/kWh 

Annual energy use 22,520MWh 18,940MWh 19,240MWh 16,900MWh 16,430MWh 

Annual water use 940m3 37,440m3 940m3 24,980m3 23,100m3 
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Item System 1 
Legacy air-cooled 

chillers 

System 2 
Water cooled chillers 

System 3 
High efficiency air-

cooled chillers 

System 4 
Munters DCiE [24°C 

Supply temperature] 

System 5 
Munters DCiE [27°C 

Supply temperature] 
      

 

     
Annual operating costs – 
Abu Dhabi 

AED 6,500k AED 5,800k AED 5,600k AED 5,100k AED 4,900k 

Annual operating costs - 
Dubai 

AED 8,600k AED 7,500k AED 7,300k AED 6,600k AED 6,500k 

100% IT utilisation      

PUE 1.55 1.32 1.34 1.19 1.16 

WUE 0.053l/kWh 2.622l/kWh 0.053l/kWh 1.670l/kWh 1,577l/kWh 

Annual energy use 27,820MWh 23,700MWh 24,040MWh 21,400MWh 20,810MWh 

Annual water use 940m3 45,950m3 940m3 29,300m3 27,670m3 

Annual operating costs – 
Abu Dhabi 

AED 8,000k AED 7,200k AED 7,000k AED 6,400k AED 6,200k 

Annual operating costs - 
Dubai 

AED 10,600k AED 9,400k AED 9,200k AED 8,400k AED 8,200k 
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APPENDIX – MANUFACTURER DATASHEETS 
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APPENDIX – MUNTERS DCIE MODEL VALIDATION 

The modelling undertaken in this study uses a model representation of the Munters DCiE unit. This 
model is parametrised and compared to the energy consumption estimates provided by Munters and 
shown in Figure 2. The comparison of the manufacturer data and calibrated model is show in Figure 3. 

 

 

 

Figure 2- Energy consumption estimates for Munters DCiE unit provided by Munters. 

Figure 3 - Comparison of manufacturer and calibrated energy and water usage performance for Munters DCiE 
units. 


