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1 INTRODUCTION 

1.1 PURPOSE OF THE PROJECT 

Scope of this document is to report the Cooling and Heating Loads calculations, of the HVAC system 

provided for the Technical Shelter B-100 HV Switchgear Room (BLPH). 

Cooling and Heating loads calculations have been carried out by means of CARRIER II 20 Hourly Analysis 

Program Version 5.11. 

1.2 MEASURING SYSTEM 

Length  m, mm 

Area   m2, mm2 

Volume  3, mm3 

Mass   Kg 

Airflow  l/s 

Pressure  Pa = N/m2, kPa = kN/m2 

Temperature ° C 

Thermal Load W, kW 

Specific Enthalpy kJ/kg 

Specific Volume m3/kg 

1.3 DESIGN INPUT DATA 

Outdoor design conditions: 

Summer temperature:  +25°C D.B. (Dry Bulb) with RH 90% 
Winter temperature:  -8,4°C D.B. (Dry Bulb) with RH 100% 
Shelter U-Value:   0,450 W/(m² K). 
Safe Area 

Indoor design conditions: 

Room Pressurization:  +50 Pa 
Summer temperature:  +35°C  D.B. (Dry Bulb) with RH 30÷70%. 
Winter temperature:  +5°C  D.B. (Dry Bulb) with RH 30÷70%. 
Internal Load Equipment: 5 kW 
ACH Min.:    6 
Safe Area 
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2 SYSTEM DESCRIPTION 

To guarantee the necessary overpressure and the internal design temperatures in the summer and winter 

seasons, two AHU have been provided, one for service and one for stand-by, which introduce external air 

directly into the Shelter. 

In the winter season, to guarantee the minimum temperature inside the shelter, two electric heating batteries 

will be installed inside the pressurization fans. 

2.1 ARCHITECTURAL DATA 

Geometric data are based on document listed below: 

1724000049-AR-DA-00014 Base load power HUB (BLPH) B-100 general arrangement drawing. 

2.2 ROOM PRESSURIZATION 

In order to guarantee the pressurization, where external doors are provided, fresh air flow requirement to 

maintain specified positive pressure shall be calculated based on following formula in accord to  

ASHRAE: 

Q = Cd * A * Vp = m³/s 

where ∆P = pressure difference across opening, Pa 

 

Q = Airflow rate, m3/s 

Cd = Discharge coefficient for opening, dimensionless (0,625 assumed)  

        Generally general 0.5 for large gaps and 0,625 for small openings. 

A = Leakage area (m²). 

Vp: Velocity through crack area to maintain required pressure (2 ∆P/d) ^0.5 

d = Density of air (kg/m³) assumed 1.225 kg/m³. 

Note:  

Leakage area for double leaf door = 0,03 m² 

Leakage area for single leaf door = 0,02 m² 

Container structures, walls, floor and the ceiling are joined together by continuous welding.  

Therefore, there isn’t air leakage. 

Vp for overpressure required 50 Pa = (2 x 50 / 1,225) ^0,5 = 9,03 
 
Single Door overpressure required: (0,625x0,02x9,03) = 0,112 m³/s that become 0,112x 3600 = 403 m³/h  
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Double Door overpressure required: (0,625x0,03x9,03) = 0,169 m³/s that become 0,112 x 3600 = 608 m³/h 

 

Total pressurization air flow equal to 403 m³/h + 608 m³/h = 1011 m³/h -> 280,8 l/s 

 

Air change required for room: (B 58,4 m² x H 4) x 6 = 1401,6 m³/h -> 389,3 l/s 

3 AIR FLOW REQUIRED TO COOL THE ROOM BY MEANS OF FORCED 

VENTILATION 

The calculation will be performed with the following equation: 

Q = [q / (r x Cp x ΔT)] x 60 

Where: 

Q= air flow (m³ / min) 

Zone Design Load Summary for B-100  

q = amount of heat to dissipate (W) -> 4196 W from HAP Carrier (see following sheet) 

r= Air Density at +25°C D.B. (Dry Bulb) with RH 90 % -> 1,177 kg/m³ 

Cp =  specific air heat (1005 Joule / kg • K) 

ΔT =  air temperature rises from 25°C to 35°C (10°C) 

Q= [4196 / (1,171 x 1005 x 10)] x 60 = 21,39 m³/min. 

that become 21,39 m³/min x 60 = 1283,4 m³/h -> 356,5 l/s 

According to the calculations above, the air flow rate required to cool the room by forced ventilation is less 

than the No. 6 ACH required. 

Therefore, the minimum external air flow rate to ventilate and maintain the room under overpressure is equal 

to 389,3 l/s. (we assumed 1402 m³/h) 
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Heat losses transmission from HAP Carrier 

 

 

Below checking the room temperature by introducing 389,3 l/s of external air at +25°C. 

𝑡𝐴 = Ambient temperature = 25°C 

𝑣𝑖𝑚𝑚 = Air Specific volume = 0,85 m³/kg 

𝑃𝑠 = Sensible heat to dissipate = 4,196 kW 

𝑄𝑖𝑚𝑚  = Total air flow = 0,389 m³/s 

𝑐𝑝  [kJ/kgK] air specific heat 

𝑡𝑖𝑚𝑚 = Air temperature entering the envelope = +25°C 

 

𝑡𝐴 =
𝑣𝑖𝑚𝑚 ∗ 𝑃𝑠
𝑄𝑖𝑚𝑚 ∗ 𝑐𝑝

+ 𝑡𝑖𝑚𝑚 

 

𝑡𝐴 =
0.85 ∗ 4,196

0,389 ∗ 1
+ 25 = 34,1°𝐶 

The internal air temperature with the given conditions will be 34.1°C<35°C.  
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4 WINTER SEASON 

To calculate the thermal power necessary to heat the rooms it is necessary to add heat load of fresh air to 

the heat losses transmission through boundaries. 

Heat losses transmission from HAP Carrier equal to 2057 Watt. 

To calculate the heat load of fresh air to heat rooms from -8,4°C (external ambient temperature) to +5°C 

(winter design temperature) we used the following formula: 

(Q / 3600) x (r x Cp x ΔT) = Watt 

Where: 

Q =  air flow (m³/h), 

r =  air density at -8,4°C (1,332 kg/m³) 

Cp =  specific air heat (1005 Joule / kg • K) 

ΔT =  air temperature rises from -8,4°C to +5°C (13,4°C) 

(1402 / 3600) x (1,332 x 1005 x 13,4) = 6985,8 Watt 

 

The heating coil capacity to install equal to 6985,8 + 2057 = 9042,8 Watt -> assumed 10 kW as per HAP. 
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5 WEATER REPORT FROM HAP CARRIER 
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6 SYSTEM DESIGN REPORT FROM HAP CARRIER 
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7 SYSTEM SUMMARY 

Below is the system performance: 

Pressurizing air flow rate: 1402 m/h (each fan) 

Heating coil capacity: 10 kW (for each fan) 

8 DUCT PRESSURE DROP 

The HVAC Ducts, have been sized with the criterion of constant pressure drop. 

In this paper we have calculated the static pressure drop of the most unfavorable sections of the air duct 

distribution according to ASHRAE standards. 

METHOD: 

 

 



 

 
HOLLANDSE KUST NOORD WIND PARK Project 

Contract No. CW-I-WP4-2023-05 

 

Document Title: 

B-100 HVAC CALCULATION REPORT 

 (Incl HVAC SYS CALC and HEAT DISSIPATION 

CALC) - E&I SHELTERS 

Sheet 18 of 21 

Date: 09/12/2024 

Rev: 4 
 

This document undergoes an issuance cycle within EDMS Fusionlive". Its distribution is electronically controlled. Once printed shall be 

considered as “NOT CONTROLLED” copy 

File: 1724000049-HV-CA-00035_1 B-100 HVAC Calculation Report 

 

 

 

 

 

 

 

 

 



 

 
HOLLANDSE KUST NOORD WIND PARK Project 

Contract No. CW-I-WP4-2023-05 

 

Document Title: 

B-100 HVAC CALCULATION REPORT 

 (Incl HVAC SYS CALC and HEAT DISSIPATION 

CALC) - E&I SHELTERS 

Sheet 19 of 21 

Date: 09/12/2024 

Rev: 4 
 

This document undergoes an issuance cycle within EDMS Fusionlive". Its distribution is electronically controlled. Once printed shall be 

considered as “NOT CONTROLLED” copy 

File: 1724000049-HV-CA-00035_1 B-100 HVAC Calculation Report 

 

 

 

 

 

 

B100 duct layout pressure drop: 
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B-100 → DUCT LAYOUT: 
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9 CONCLUSION 

 

The pressure drop duct layout of  the B-100 loss: 71.44Pa 

 

The ducts were built based on the flow rate required by the thermal calculation and the fans were sized 

based on the pressure loss, obtained with the calculation sheet illustrated above.  

 

The fan’s air flow is sufficient to guarantee the required overpressure of 50 Pa. 

 


