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Interface with Electrical Services

1.0 Introduction
1.1 General
1.1.1. The project consists of two district cooing plants (YI01 & YI02 NPR) providing   chilled water supply to surrounding buildings. Both cooling plants shall employ water-cooled electric driven centrifugal chiller and associated auxiliary equipments, like cooling towers and pumps for production and distribution of chilled water to various buildings via a network of underground piping system. 
1.1.2. Each refrigerant plant consists of 10 sets of Duplex centrifugal chillers (refer to item 2.1). Each set consisting of two Chillers arranged in series counter-flow configuration, each with a nominal cooling Capacity of 2,500 TR equipped with factory installed Chiller Control Panel. The designed supply and return chilled water temperature for the chiller is 4.4°C and 13.3°C respectively, and the designed supply and return condenser water for the chiller shall be 35°C and 40.5°C respectively. 
1.1.3. The plant uses a two-loop chilled water pumping system. The primary loop consists of constant speed primary chilled water 10 pumps matching the number of chillers. Each primary chilled water pump has 7500 GPM (474 L/S) capacity at 90 ft head. The secondary loop consists of variable speed secondary chilled water 12 pumps, which circulate the chilled water to customer energy transfer stations and back to the central plant through the distribution system. Each secondary chilled water pump has 7500 GPM (474 L/S) at 295 ft head. Two of them (non-dedicated secondary pumps) are responsible of circulating the TES two tanks (refer to item 2.9) cooling capacity.
1.1.4. The two Thermal Energy Storage tanks (simple and low maintenance) are used to satisfy the load requirement during peak-condition. Each of them stratified chilled water storage tank has a total storage 25,000(TR-HR) capacity and discharge 5,000 TR capacity.
1.1.5. Ten (10) industrial-type, field erected, mechanical induced draft counter flow cooling towers will be provided for heat rejection. Each cooling tower for variable speed control to maintain the supply condenser water temperature at different chiller loading and ambient wet bulb condition. Each cooling tower fan is equipped with a vibration switch to stop the fan motor in case of excessive vibration. Each cooling tower has 15,200 GPM (958 L/S) capacity.
1.1.6. The cooling tower is erected on a concrete basin which is connected to condenser water pump via header. The 10 condenser water pumps are connected directly to chillers.
1.1.7. This plant is erected in two phases as defined in the following table: 
	Plant
	Phase – 1 (TR)
	Phase – 2 (TR)
	Total

	
	Chillers
	TES
	Total
	Chillers
	TES
	Total
	

	YI-01
	30,000
	5,000
	35,000
	20,000
	5,000
	25,000
	60,000


The complete DCP process equipment shall be as detailed in the System Description Report (YI01-1-G-RPT-002) and Mechanical System Criteria (YI01-1-G-RPT-005). 

1.2 Design Conditions: 
1.2.1 Climatic and environmental condition

· Maximum outside ambient temperature

43.9°C (111°F)

· Minimum outside ambient temperature

5.0°C   (41°F)

· Design outside wet bulb temperature

31.1°C (88°F)

1.2.2 Chilled water condition

· Supply temperature



4.4°C (40°F)

· Return temperature



13.3°C (56°F)

1.2.3 Condenser water condition

· Supply temperature (to chiller)


35°C (95°F)

· Return temperature (to cooling tower)

40.6°C (105°F)
1.3 Operation Parameters and Settings:
For operating parameters, settings and the mechanical design conditions refer to the following documents:

1.3.1 Mechanical Equipment List (YI01-1-M-SPC-001).
1.3.2 Alarm & Set-point List (YI01-1-I-SCH-001). 
1.3.3 Instrument List (YI01-1-I-SCH-002).
2.0 Process Mechanical Components

The control philosophy shall be dealing with the complete project which shall consist of the following components to be controlled / monitored by the Integrated Control System:
	Item
	Description
	Quantity
	Control Method
	Interface with ICS (Monitoring)

	
	
	PH-1
	PH-2
	Total
	Local CP
	ICS
	Hard Wire
	Soft ware

	2.1
	Duplex centrifugal chillers (YI01-CH-01A&B ~ YI01-CH-10A&B) each with a nominal cooling Capacity of 2500 TR equipped with factory installed Chiller Server Control Panel (CSCP)
	6
	4
	10
	●
	●
	●
	●

	2.2
	Centrifugal chilled water primary pumps (YI01-PP-01 ~ YI01-PP-10) with a flow rate of 7500 gpm (constant speed)
	6
	4
	10
	
	●
	●
	

	2.3
	Centrifugal condenser water pumps (YI01-CP-01 ~ YI01-CP-10) with a flow rate of 15000 gpm(constant speed)
	6
	4
	10
	
	●
	●
	

	2.4
	Cooling towers (YI01-CT-01 ~ YI01-CT-10) variable speed fans
	6
	4
	10
	
	●
	●
	●

	Item
	Description
	Quantity
	Control Method
	Interface with ICS (Monitoring)

	
	
	PH-1
	PH-2
	Total
	Local CP
	ICS
	Hard Wire
	Soft ware

	2.5
	Motor operated butterfly valves(modulating control MOV) on chiller-set chilled water leaving side (FCV 10103A ~ FCV 10103j)
	6
	4
	10
	
	●
	●
	

	2.6
	Motor operated butterfly valves (modulating control MOV) on chiller-set condenser water leaving side
(FCV 10415A ~FCV 10415j)

	6
	4
	10
	
	●
	●
	

	2.7
	Motor operated butterfly valves (modulating control MOV) on cooling tower entering side 
(FCV 10409A ~ FCV 10409j)
	6
	4
	10
	
	●
	●
	

	2.8
	Motor operated butterfly valves on cooling tower leaving side (MOV 10410A ~ MOV 10410jK)
	6
	4
	10
	
	●
	●
	

	2.9
	Thermal Energy Storage Tanks
(YI01-TST-001 ~ YI01-TST-002)
	1
	1
	2
	
	●
	●
	

	2.10
	Motor operated valves on Thermal Energy Storage Tanks low side (MOV 10314A ~ MOV 10314B)
	1
	1
	2
	
	●
	●
	

	2.11
	Butterfly valves on Thermal Energy Storage Tanks high side (MOV 10311A ~ MOV 10311B)
	1
	1
	2
	
	●
	●
	

	2.12
	Centrifugal chilled water secondary pumps (variable speed) with a flow rate of 7500 gpm
(YI01-SP-01 ~ YI01-SP-12)
	7
	5
	12
	
	●
	●
	●

	2.13
	Make-Up water tanks

(YI01-FST-001 ~ YI01-FST-003)
	3
	-
	3
	
	●
	●
	

	2.14
	Make-Up Water pumps

(YI01-MWB-01A ~ YI01-MWP-001C)
	3
	-
	3
	●
	
	●
	

	2.15
	Chilled water expansion tanks

(YI01-ET-01A ~ YI01-ET-01B)
	2
	-
	2
	●
	
	●
	

	2.16
	Chilled water expansion booster pumps
(YI01-BP-01A ~ YI01-BP-01B)
	2
	-
	2
	●
	
	●
	

	2.17
	Chilled water chemical treatment

(YI01-CTS-01)
	1
	-
	1
	●
	
	●
	

	2.18
	Condenser water chemical treatment (YI01-CTS-02)
	1
	-
	1
	●
	
	●
	

	Item
	Description
	Quantity
	Control Method
	Interface with ICS (Monitoring)

	
	
	PH-1
	PH-2
	Total
	Local CP
	ICS
	Hard Wire
	Soft ware

	2.19
	Chilled water side stream filtration units

(YI01-SS- 01 ~ YI01-SS- 02)
	2
	-
	2
	●
	
	●
	

	2.20
	Condenser water side stream filtration units

(YI01-SS- 03 ~ YI01-SS- 04)
	2
	-
	2
	●
	
	●
	

	2.21
	Refrigerant recovery units
(YI01-VP-01 ~ YI01-VP-02)
	2
	-
	2
	●
	
	●
	

	2.22
	Compressed air system
	1
	-
	1
	●
	
	●
	


3.0 The ICS for Plant Management
3.1 The complete system is shown on drawings (YI01-1-I-DWG-201). The ICS, supplied by the control system integrator, is a microprocessor based PLC control system, which through a resident program will on a completely self-contained stand-alone basis control such as the duplex chiller units, primary and secondary chilled water pumps, condensate pumps.
3.2 ICS operator workstation shall be high –performance computer workstation interfaced directly with main plant, and Energy Transfer Station PLC with appropriate software. Two (2) operator/HMI stations, one(1) engineer workstation, one(1) billing workstation(if possible, operator workstation running with billing software, will be carry out this duty ) , two (2) data server station for redundant, networked black & white printer and color inkjet printer in control room mezzanine floor. Five (5) display (HMI) units shall be mounted on same location and installed 20” or more LCD monitors each station for convenience operation.
3.3 ICS’s PLC (CPU) shall be located in control room mezzanine floor in freestanding cabinets. Remote Input /output chassis shall be located in each floor and interconnected with PLC through high speed redundant control network (Control Net). Input/output interfaces shall use Profibus protocol for processing field input/output signal, excepting for discrete input/outputs. Each I/O chassis shall be segregated several operating group from similar equipments to prevented to same equipment stop simultaneously at one of I/O card failure.
3.4 Package equipment control shall be performed by local controller mounted in local control panel. Main equipment package such as duplex chiller units and secondary chilled water pumps, and cooling towers shall be integrated into the ICS through Modbus communication protocol for monitoring purpose.
3.5 Critical signals, related safety interlock and control commend shall be direct connected to ICS through hardwired input/output to prevent time delay of communication system.
3.6 Chiller pair shall be include local control panel with HMI that shall provide manual and automatic operation of chiller pairs for starting, operation, normal shutdown, and emergency shutdown of chiller, and safety protection interlocks for chiller. 
3.7 Cooling towers, chilled water pumps and condensate water pumps shall be automated to point that operator simply has to select item desired to start, stop, operate and ICS provide necessary logic, safeties, and permissive.  Availability of each device shall be tracked and indicated to operator. ICS shall be configured to prompt operator of invalid selections, selection of device already in service, or device that is not available (i.e., not in Remote, Auto or Fault). Selection shall be changeable before ‘final acceptance’ keystroke is made.
3.8 System integrator shall be considered to Data Server integrate for YI01 NPR and YI02 NPR operating data through fiber optic cable at one of plant control room installed in the future.  
4.0 Chilled Water System Arrangement

4.1 Major Equipment Configuration
4.1.1 Chillers

DCP YI01 NPR (DCP-8) will be initially supply 35,000 RT of chilled water to customer energy transfer station at the site via an underground distribution pipe work. The final plant capacity will be achieved in future by addition of more chillers, pumps, TES tank, and cooling towers.

To satisfy the diversity peak cooling load with reduced installed chiller capacity, 12 nos. of 2,500 RT each centrifugal chillers coupled with a 5,000 RT per hour thermal storage tank using chilled water as the storage medium will be installed. Hence, the peak cooling load will be met completely by the combined capacity of 30,000 RT from the chillers and discharge of stored chilled water from the thermal storage tank.
Additional space in the chiller plant room and spare circuit breakers have been allowed in the MCC for future addition of 8 more 2,500 RT chillers to make-up for the final plant capacity.

Each 2,500 RT capacity chiller will be electric-driven centrifugal type using non-CFC refrigerant R134a. A portion of the condenser water will be directed to provide motor cooling of pump down unit and each open drive motor of chiller through a heat exchanger thus minimizing heat dissipation to plant room.

4.1.2 Pumps
Six numbers horizontal split casing primary chilled water pumps, each at a     flow rate of 7500 GPM(474 L/S), are used to match the modules of chillers. Space for four additional pumps is allowed. Seven numbers horizontal split casing secondary chilled water pumps, each at 7500 GPM(474 L/S), are provided with space provision for four additional unit. Secondary chilled water pump motor is inverter duty for variable speed control.
4.2 System Operation
4.2.1    Chillers and Pumps

ICS (Integrated Control System) will be provided for overall control and monitoring of all the plant equipment and customer energy transfer stations. If the temperature transmitter (TI-10271A/B) at chilled water main supply pipe indicates a temperature of 6.67°C or higher or flow transmitter (FI-10271A/B) at main supply pipe indicates the chilled water supply flow drop to or below the expected flow for one less chiller than is currently operating, an alarm shall alert the operator that additional chiller capacity may be required. The operator may start one more chiller and vice versa. The associated primary chilled water pump will be started accordingly.
The secondary chilled water pump speed will be modulated to provide a minimum pressure differential at the Customer Energy Transfer Stations. Differential pressure transmitters are located at each Customer Energy Transfer Station and at the central plant across the main chilled water supply and return lines respectively. All of them have a minimum set point. The plant control system will be adjusted accordingly. All pumps will run at the same speed to control the customer energy transfer station differential pressure. Pump speed control shall be guided from the differential pressure transmitters (PDIT 10272A&B ~ PDIT 10271A&B) installed across the Loads main supply/return headers differential pressure, the highest differential pressure deviation from set-point shall be the pump speed control reference. 
Allow operator to set a minimum flow limit. Do not allow the chilled water distribution pumps to operate below this flow set point. If the remote differential pressure set point is such that a flow less than the minimum flow set point is required, generate an alarm.

The differential pressure set-point shall be calculated based on the outside ambient air conditions.
· When the outside ambient air temperature is at 23°C or below, the set point shall be maintained at 50 kPa.

· When the outside ambient air is between 23°C and 40°C set point shall be continuously and linearly reset from 50 kPa to 100 kPa.

· When the outside ambient air temperature is above 40°C, the set point shall be maintained at 100 kPa.
The ICS is linked directly to the chiller Control Panels via a 3-wire network in a daisy chain arrangement used for data exchange from the chillers via software interface cards for monitoring purposes, as well as having hard wired interface with I/O points for chiller enable/disable, plus monitoring of chiller status, and general alarm.
A chiller and pumps will be considered available for ICS control only if the automatic mode has been selected.

4.2.2 Refrigerant Monitoring System

Continuous monitoring system will be installed in the chiller plant room to collect air sample at various locations around the chillers and refrigerant pump down unit. It detects low level of refrigerant leak down to 1 ppm and depletion of oxygen below 20% by volume. The monitoring system will activate the mechanical exhaust system and open the motorized dampers at low level and close the motorized dampers at high level to extract out the leaking refrigerant gas. The activation of the mechanical system is via and interface between the refrigerant monitoring system and the central plant BMS. The high refrigerant level signal is also transmitting to the fire alarm panel for raising of an audible alarm throughout the plant building.
4.2.3 Energy Transfer Station

Each Energy Transfer Station will have a dedicated programmable logic controller (PLC) that will serve as the local control and monitor system as well as transmitting measured values and control valve position back to the central plant control system.
4.3 The chilled water system can be described as a system consisting of constant volume header arranged six (6) primary chilled water pumps connected to a variable flow secondary chilled water system with seven (7) horizontal split case variable speed secondary chilled water pumps.
4.4 The chilled water primary circuit is arranged in ring header connecting to six (6) duplex centrifugal chillers, six(6) centrifugal chilled water pumps, six (6) modulating motorized flow-control valves (FCV-10310E/F/G/H/I/J) on chiller-set chilled water leaving side to modulate chilled water flow to the chiller. Feedback signal of each valve opening %age shall be received.
4.5 The secondary chilled water system is de-coupled from the primary circuit with a Thermal Energy Storage Tank (TEST) located outside the chiller plant room by a MOV of TEST upper & lower side and de-coupler bypass MOV. The secondary pumps sized to handle chiller and TEST load with a total capacity of 60,000 (TR).

4.6 When the TEST is out of service, the TEST is decoupled from the primary circuit by a de-coupler system.
5.0 Condenser Water System Arrangement

5.1 Major Equipment Configuration
6 (six) industrial type, field erected, mechanical induced draft counter flow cooling towers will be provided as means for heat rejection for inverter duty for variable speed control to maintain the supply condenser water temperature at different chiller loading and ambient wet bulb condition. Each cooling tower fan is equipped with a vibration switch to stop the fan motor in case of excessive vibration.
The cooling tower will be erected on a concrete basin, which will connect to condenser water pumps through piping and pipe header. Six numbers horizontal split casing condenser water pumps, each at a flow rate of 15,200 GPM (958 L/S), are used to match the modules of chillers. Space for four additional pumps is allowed. 
Water make-up to replenish losses from drift, evaporation and blow-down will be directed to the condenser water in each concrete basin to be monitored and adjusted via fresh water pumps.
Six numbers cooling towers, each at a flow rates of 15,000 GPM (958 L/S), are used to match the modules of chillers. Space for four additional cooling towers is allowed. Each cooling tower consists of a three cell unit.
5.2 System operation
The operators can start/stop cooling towers in conjunction with the chiller operation. Each cooling tower has a pressure control valve (PCV-10409E/F/G/I/J) to accurate cooling tower load control or stop the water flow. The temperature transmitter (TIT-10409E/F/G/H/ I/J) located in the condenser water supply will be monitored to ensure the cooling water supply temperature at a maximum 35°C during chiller operation. The plant control system shall modulate the speed reference signal to the variable speed cooling tower fan to control the cooling tower water supply temperature to the operator entered set point, provide temperature indication and alert the operator when the temperature exceed the set point. The cooling tower outlet temperature set point shall be reset based on the out door ambient wet bulb as measured by the wet bulb sensor.
The cooling tower fans will be controlled in response to the temperature approach between the leaving cooling water temperature and ambient wet bulb temperature in the following manner;

· To drive the cooling tower fans then the speed should vary between 30% and 100% linearly in response to temperature approach variation between 2.2°C and 4.4°C.

· The control signal should be sent from plant room controller to the variable speed drive.

· When the temperature approach is < 2.2°C then the drives will be switched off and the cooling tower valves and condenser water pumps should remain open and on.

Install a differential pressure transmitter across each of the chiller’s condenser water lines. Input the signal into PLC and monitor the pressure. Allow the operator to establish high and low pressure alarms. If a high or low pressure condition occurs, generate the associated alarm.
The operator shall have the power saving option and night noise reduction option of operating one additional cooling tower cell whenever spare heat rejection capacity or spare cell is available in the following manner;

· Two cells for one chiller operating with cooling tower fan’s speed at 35 Hz frequency (user adjustable)

· Three cells for two chillers operating with cooling tower fan’s speed at 50 Hz frequency (user adjustable)

· A night option for noise reduction limiting cooling tower fan’s speed at 50 Hz frequency (user adjustable) for hours between 10 p.m. and 7 a.m. (user adjustable)

To start a cell, the cooling tower fan shall be started and pressure control valve (PCV-10409E/F/G/H/I/J) will be open automatically. The speed reference signal will be adjusted to vary the cooling tower fan speed and control the operator entered temperature set point.

Whenever all the fans are off for a cooling tower, the corresponding cooling tower pressure control valve (PCV-10409E/F/G/ H/I/J) will be closed automatically.
Feedback signal of each modulating valve opening %age shall be received
If the water level in cooling tower basin reaches a low-level set point sensed by a level transmitter (LA-10406E/F/G/ H/I/J, LA-10407E/F/G/ H/I/J), the cooling tower make-up valve will be opened. Fresh water will flow into the cooling tower basin and increasing the water level of the cooling tower basin.
5.3 The condenser water circuit is arranged in ring header connected with six (6) condenser water pump from duplex centrifugal chiller, MOV on chiller set condenser water leaving side.
5.4 Each chiller condenser and evaporator inlet/outlet pipes have a pressure transmitter which can be used to monitor and alarm the chiller coils pressure/pressure drop conditions.
5.5 At the cooling tower end the condenser water circuit of 10 equal units is arranged in ring header connected to six (6) cooling tower, MOV on cooling tower entering side and leaving side.

6.0 Control Philosophy Statement

The ICS to be configured in such a way to be able to manage the chillers, cooling towers and associated equipment to achieve the following:

6.1 To control the chilled water supply temperature on the secondary side of within a set temperature differential. The plant will be designed to produce chilled water supply at 4.4 ºC with return at 13.3 ºC.

6.2 To manage the operation of chillers, cooling towers and associated equipment within their optimum energy efficient ranges.

6.3 To receive external hardwired input from local control panel of equipments for Demand Limiting the plant capacity by analog signal. This signal should be pre specified for minimum and maximum running capacity limits, which is applied to duplex chiller units, cooling towers and secondary chillers.

6.4 To receive external  hardwired input from ICS controller to reset  chilled water supply temperature set point of plant (set-point reset) , by receiving analog signal (4~24mA). This signal should be pre specified minimum and maximum chilled water leaving temperature set points. Automatic control to suggest using temperature reset and the action shall be taken by the operator confirmation. 
6.5 To communicate chiller unit control information parameters with the HMI via standard protocol/Gateway, each chiller shall be connected with dedicated Gateway Translator, which allows maximum of 60 points of each chiller’s points. The list of selected interfaced points will be submitted on a later stage.

6.6 Warning message/alarms shall be initiated after an adjustable time delay as well as High and Low limits alarms for each sensor measurement.

6.7 Operator shall be capable of viewing all trends and values as well as overriding any command, changing set-points using the Operator Workstation (HMI) which is under software access protection (ex. User Id. and Password). All operator definable delays and set-points shall be governed by upper and lower safety limits, regardless of the operator access level authority. Some control loops concerning equipment safety shall be uninterruptible by operator (override), such as: Stopping primary pump, condenser pump, closing motor operated valves or cooling tower, without stopping duplex chiller set or Overriding delay periods or cycling order for start/stop.
6.8 Some control-loops concerning equipment safety shall be uninterruptible by operator (override), such as: Stopping primary pump, condenser pump, closing valve or cooing tower, without stopping chiller duplex, or Overriding delay periods or cycling order for start/stop.

6.9 Some control-loops interruptible by operator (override), such as: cycling order for start/stop.
6.10 To sequence cycle the chillers, cooling towers and associated equipment to obtain a balanced capacity condition between the Secondary System Cooling Load and the Primary Plant Cooling Generation Capacity.

6.11 To limit chiller, cooling towers and associated equipment cycling to be within recommended manufacturers cycle times and to allow for maximum stability in loop temperatures and water flows.

6.12 To manage the operation of chillers‚ cooling towers and associated equipment within their safe limitations and protect-able sequence/operation.

6.13 Automatic temperature control and actuator operation shall take place whenever motor status is received and vice versa (supporting manual operation).
6.14 Not all control loops or motor controls will reside in the main ICS environment. Some devices will be controlled by a subsystem that is interfaced with PLC via hard-wire or software connection.
6.15 Monitor the plant energy/flow meters. Input signals into the ICS to monitor the plant distribution flow by supply-to-load flow meter and to monitor the supply flow as well as supplied energy by communication with the energy meter. The ICS shall integrate the flow signal and display both the flow rate and the totalized volume. Totalized volume shall include absolute total in millions of liters (non re-settable) and total volume for the last 24 hours in thousands of liters. 

7.0 Energy and Operational Considerations

The following operational energy characteristics shall be considered in setting up the various control parameters for the ICS:

7.1 Chiller Efficiency Characteristics

The duplex centrifugal chiller sets provide two (2) capacity ranges in which the chillers will be operating close to maximum efficiency. The capacity of both upstream/downstream chillers design condition is equal. However, it shall be modified according to the actual chillers selection.
7.1.1 With only the lead or lag chiller in operation: From 35 to 50 % of duplex chiller capacity.

7.1.2 With both lead and lag chillers in operation: From 70 to 100 % of duplex chiller capacity

7.2 Condenser Water Chiller Return Temperature Set point Reset. A lower controlled common condenser water temperature has the following considerations:
7.2.1 The lower the condenser water temperature (within chiller allowable operating range), the higher the chiller efficiency.
7.2.2 A lower controlled condenser water temperature will lead to an increase in cooling tower fan energy
7.2.3 A lower controlled condenser water temperature will require increased airflow volumes with an increase in condenser water contamination with associated increase in maintenance.
7.2.4 A lower condenser water temperature will result in increased chiller life and a reduction in condenser tube scaling.
7.2.5 Optimum operating condenser water temperature to be considered by identifying higher set points and take advantage of tower fan energy savings. This can be achieved either by using the chiller proprietary control schemes for dynamically optimizing reset set point (from chiller manufacturer), or by power ratio calculation of the optimized power consumption of all operating cooling tower fans and chillers. 
7.2.6 It is also proposed to control the common condenser water leaving temperature over a wide temperature range with fan speed control that guarantees satisfying the condenser water temperature at the reset value by limiting maximum speed from 50% -when the water temperature is at or below set point- proportionally up to 100% when temperature reaches the design wet-bulb temperature. This temperature controlled cycling in addition to time delay shall limit the cycling. With a common condenser water leaving temperature above 35°C all available cooling tower fans will therefore remain in operation at full speed.
7.2.7 In the interest of a reduced noise level it is also proposed that cooling tower fan cycling as described above on a demand increase be actioned with first bringing in all available fans at minimum speed, and once all available fans are operational, only then stepping up their speed. On a demand decrease operational fan speeds will first reduced all fans to minimum speed before sequence stopping of fans will be actioned.

7.3 Thermal Energy Storage Tanks
7.3.1 System Operation

The stratified chilled water storage is achieved by maintaining the necessary separation between the cold and warm water by creating a thermocline between the warm upper zone and cool lower zone based on the principle of density variation with temperature. The tank is equipped with an ultrasonic level transmitter (UL-10311B) to control the tank level, temperature sensors (TI-10001B to TI-10089B) on the tank itself and automated block valves (MBFV-10311B/10314B) and temperature sensors (TI-10311B/10314B) on the supply and return lines.

   There are three different states:

a. static storage (no charging or discharging activity)

b. active charging with chilled water

c. active discharging chilled water to distribution system

During static storage, the tank is isolated of the process. Only the chilled water level and temperature will be monitored.

During the charging cycle, the temperature of the chilled water in the decoupling pipe is equal to that of the main distribution pipe. This indicates that excess chilled water flow is being re-circulated in the primary loop and water is available to route to the thermal storage tank. The chilled water from the chillers enters the tank bottom through diffusers properly designed to minimize turbulence, and warm water leaves the tank at the top and returns to the chillers. The valves at decoupling pipes will be closed to block chilled water flow through the decoupling pipe. The chilled water make-up valve at chilled water expansion tank will be closed and this allows the thermal storage tank to set the system pressure and control the water level. If the tank water level reaches the low set point, the chilled water make-up valve will be open to add fresh water until the tank level is satisfied.

The situation will reverse in the discharging cycle whereby chilled water is drawn from the tank bottom to serve the building loads and distributed by the secondary chilled water pumps and warm water will return to the top of the tank. The valve at decoupling pipe will be closed to block chilled water flow through the decoupling pipe. The chilled water makeup valve at chilled water expansion tank will be closed and this allows the thermal storage tank to set the system pressure and control the water level.

Temperature sensors (TI-10311B/10314B) will be installed in the supply and return pipe of the tank to monitor the charging and discharging process. A vertical array of temperature sensors spaced at 300 mm apart will be used to monitor the temperature distribution at the levels of warm and cold water for the purpose of determining the storage capacity and thermocline thickness which in turn provides valuable operation tools.

Ultrasonic water level sensor and its transmitter (UL-10311B) will be provided to monitor the volume of stored water and provide activation signal for make-up water.

All sensor outputs will be connected to the plant control system for remote control and monitoring in the Control Room.

             7.3.2 The complete system is shown on drawings (YI01-1-I-DWG-101 & 102). Thermal Energy Storage Tanks shall guarantee chillers optimum operation efficiency (usually close to 95% of load) by storing the excess flow of the primary circuit over the secondary in part load condition (off-peak period), the energy stored inside the TEST will be used in call of peak load or in part load whenever the operation is out of the “Peak expected period” under one condition that the thermal energy stored in TEST is above the minimum level. 
ICS Logic shall take into account the minimum energy consumption based on load leveling and/or peak saving at minimum outdoor wet bulb temperature. Also logic shall take into account the availability of the full contract capacity at the peak load.

Tank controls shall be set up so that the chillers are sequenced to operate at full capacity out put and that tank follows load variations.
The ICS shall record the load and tank the average load of the previous 24 hours (average load), as well as the average load of the last hour (actual load).
In general, the tank shall be in discharging mode if the actual load is bigger than the average load and in charging mode otherwise.
In charging mode, the logic shall allow the following chiller sequence; operate the minimum number of chillers at full capacity delivering more than the actual load, but such that the tank can be fully charged within the estimated time left before the actual load grows more than the average load. This time estimate is based on the recorded load profile of the previous 24 hours.
In discharging mode, the logic would follow an opposite direction: operate the maximum number of chillers at full capacity delivering the less than the actual load, but such that the tank can be fully discharged within the estimated time left before the actual load drops below the average load.
The ICS shall also continuously record the outdoor wet bulb profile, and the hour at which the wet bulb reaches minimum and maximum values.
Additional to the above, an operator screen selected option shall allow the chiller operating sequence during charging to operate the maximum number of chillers during a preset amount of time (operator selected) before and after the same time of day at which the bulb reached a minimum value the day before.
As well as during discharging, the operator can select to operate the minimum number of chillers during a preset amount of time (operator select) before and after the same time of the day at which the wet bulb reached a maximum the day before.
Logic shall take into account the minimum energy consumption based on load leveling and/or peak shaving at minimum outdoor wet bulb temperature.
Logic shall operate the chillers at their optimum operation efficiency.(usually close to 100% of load)
The total system stored load is 50,000 (TR.hr) that has been stored in two identical tanks each of 25,000 (TR.hr) and a water volume of ~ 12,000 (m3). The maximum flow rate through the tank is 7,500 GPM (473 L/s). One tank is installed. Space for one additional tank is allowed.
8.0 Chiller Enable Sequence 

The complete system is shown on drawings (YI01-1-I-DWG-103 & 104). The decision to enable/disable one chiller (pumps, cooling tower, and associated equipment accordingly), shall take place according to the load requirement based on the operating chillers average loading and to be backed-up by the main return temperature measurement. This decision shall be forwarded to the lead/Lag sequence to be executed.

8.1 First chiller enable sequence to be as follows:
8.1.1 Fully open motorized chilled water supply butterfly valve on the selected chiller to be enabled (FCV 10103A ~FCV 10103J).
8.1.2 Open-motorized condenser water return butterfly valve on the selected chiller to be enabled (FCV 10415A ~FCV 10415J).
8.1.3 Open motorized condenser water cooling tower return butterfly valve for the next in-line cooling tower (MOV 10409A ~MOV 10409J).
8.1.4 Ensure motorized butterfly valves (chilled water & condenser water on chiller and cooling tower return line) are simultaneously opened
8.1.5 Before any further action obtains butterfly valve actuator open contact feedback, within time limit to be set depending on site established motor opening time.
8.1.6 Start next to be enabled primary chilled water pump
8.1.7 Start next to be enabled condenser water pump
8.1.8 Start next to be enabled cooling tower fan.
8.1.9 Before any further action obtain both chilled water pump and condenser water pump pressure differential operational confirmation as well as electrical status indications.
8.1.10 Obtain confirmation from chilled water and condenser water flow meter that the established flow rates are within required flow range
8.1.11 Chiller then to be enabled subject to all chiller permissible to be cleared. This to include the hard wired evaporator and condenser flow switches
8.1.12 Once the lead chiller in a duplex up to 100% of its capacity, CSCP will be enable to the second, which is supplied and adjusted by chiller vendor.
8.2 Chillers (from the second set) enable sequence to be as follows:
8.2.1 Reset the supply chilled water set point of the operating chillers (decreased) in order to generate 2ºF lower chilled water supply temperature.
8.2.2 Start next to be enabled primary chilled water pump as per Lead/Lag sequence.
8.2.3 Start next to be enabled condenser water pump as per Lead/Lag sequence.
8.2.4 Before any further action obtain both chilled and condenser water pump pressure differential operational confirmation as well as electrical status indications.
8.2.5 Fully open motorized chilled water supply butterfly valve (MOV 10103A ~ MOV 10103J) on the selected chiller to be enabled as per Lead/Lag sequence.
8.2.6 Open-motorized condenser water return butterfly valve (MOV 10415A ~ MOV 10415J) on the selected chiller to be enabled.
8.2.7 Open motorized condenser water cooling tower return butterfly valve for the next in-line cooling tower (MBV 10409A ~MBV 10409J).
8.2.8 Ensure motorized butterfly valves (chilled water & condenser water on chiller and cooling tower return line) are simultaneously opened.
8.2.9 Before any further action obtain butterfly valve actuator open contact feedback, within time limit to be set depending on site established motor opening time.
8.2.10 Obtain confirmation from chilled water and condenser water flow meter that the established flow rates are within required flow range.
8.2.11 Start next to be enabled cooling tower fan.
8.2.12  Chiller then to be enabled subject to all chillers permissible to be cleared. This to include the hard wired evaporator and condenser flow switches.
8.2.13  Once the lead chiller in a duplex up to 100% of its capacity, CSCP will be enable to the second, which is supplied and adjusted by chiller vendor. Operator will send “Enable” commend to start Chiller in the duplex to be loaded up to duplex chiller capacity of 100%. 
9.0 Chiller Disable Sequence

Chillers disable sequence to be as follows:

9.1 Disable the selected chiller as per Lead/Lag sequence and allow it to complete its rundown sequence.
9.2 After timing out of the rundown sequence stop, the next to be disabled primary chilled water pump​.

9.3 Simultaneous primary chilled pump stop, the next to be disabled condenser water pump
9.4 Before any further action the electrical and pressure differential stop status of the pumps to be confirmed.
9.5 Close the four off motorized butterfly valves (chilled water & condenser water on chiller and cooling tower return line). 
9.6 Obtain closed status for the motorized butterfly valves (chilled water & condenser water on chiller and cooling tower return line) from actuator closed valve contact.
10.0 Command Sequence Failure

In case of any equipment failure/fail-to-start, it shall be considered failed, alarm shall be generated and the next to start - as per the rotation (Lead/Lag) sequence - shall take its place immediately.

10.1 Should any activity confirmation as described under chiller enable procedure and chiller disable procedure not confirmed, then alarm to be raised.
10.2 Should activity not be confirmed as following issues then the start procedure for that selected chiller shall be aborted and the four dedicated motorized butterfly valves (chilled water & condenser water on chiller and cooling tower return line) shall be closed (failed to start).
· four motorized butterfly valve (chilled water & condenser water on chiller and cooling  tower return line) actuators open contact feed back
· Chiller permissible signal from CSCP
· Start cooling tower fan
10.3 Once closed-feedback status for valves is received, the next in-line chiller can be enabled as per item 8 Chiller Enable Sequence.
10.4 Should activity of chilled water pumps and condenser water pump not be confirmed for any one of the two pumps, then only the starting of that particular pump should be aborted (failed to start) and the next in-line pump in that chiller group should be started as per Lead/Lag sequence.
10.5 Pump to be considered failed upon receiving trip indication or absence of the status or the differential pressure positive indication.
10.6 Chiller duplex shall be considered failed for not receiving any or both chillers status or positive flow as well as receiving a general alarm which is representing any chiller-internal-alarm that force the chiller to stop.
10.7 The cooling tower is considered failed for having no butterfly valves feedback status or for receiving an alarm from the fan Variable Frequency Drive (VFD). For cooling tower level switches (LSL 10406 A~J),(LSH 10406 A~J) and (LSLL 10406), when High Level indication is received, after an adjustable time delay close the motorized butterfly valve of the make-up water pipe, and when the Low Level indication is received, after an adjustable time delay close the motorized butterfly valve of cooling tower outlet. Return to normal operating condition when level switches indicates normal levels for a certain period (adjustable), and when Low Low Level indication is received, visible and audible warning alarm generated immediately. 
10.8 The cooling tower is considered failed for having no butterfly valves feedback status or for receiving an alarm from the fan variable frequency drive. For cooling tower level switches (LSL 10406 A~J) and (LSH 10406 A~J), when High Level indication is received, after an adjustable time delay close the motorized butterfly valve of the make-up water pipe, and when the Low Level indication is received, after an adjustable time delay close the motorized butterfly valve of cooling tower outlet. Return to normal operating condition when level switches indicates normal levels for a certain period (adjustable).
10.9 Any failed or failed-to-start equipment alarm shall be latched after the operator acknowledgement (to avoid using it on the Lead/Lag sequence), until the operator confirms resetting that equipment failure condition.
10.10  For make-up water pump, chilled water expansion tank booster pump, chilled water/condenser water filtration units and refrigerant recovery unit, failure condition of any equipment/sub-system shall be received from dry contact inside its control panels.

10.11  For Flash Water Tank, level alarms shall be received from installed level switches (LSL 10501 A~C) and (LSH 10502 A~C).

11.0 De-coupler system
11.1 The complete system is shown on drawings (YI01-1-I-DWG-101 & 102). A Bi-Directional motorized valve (MOV-10209 A&B) shall be operated to de-coupler bypass, whenever the TEST is isolated for any purpose (maintenance, etc) by TEST isolation motorized valves (MOV-10311 A&B, MOV-10314A&B). Two(2) expansion tank inlet motorized valves (MOV-10211 A&B) shall be operated to opposite position by TES tank isolation valve. Flow direction/amount on the de-coupler line can be calculated by the difference between total primary and total secondary chilled water flow rates.
11.2 Reverse flow rate:
11.2.1 The flow direction in the de-coupler should under normal operating conditions be in the direction from the chilled water supply line to the chilled water return line. Also expressed as the primary chilled water flow rate exceeding the secondary flow rate.
11.2.2 Under certain operating conditions it is possible for the de-coupler flow direction to reverse itself to be from the return chilled water line to the supply line. Therefore the secondary chilled water flow rate exceeding the primary flow rate.
11.2.3 With the application of a common supply chilled water temperature control after the de- coupler, the control system will pick this up as an increase cooling load by in secondary chilled water flow rate and correct it with the addition of another chiller set (chillers, primary pump, condenser pump, etc).

11.3 Excessive de-coupler flow:
11.3.1 Under correctly controlled conditions the flow through the de-coupler should always be from supply to return with a minimum flow of 0 gpm and a maximum flow equal to 110% of one primary chilled water pump flow rate (8250 gpm).
11.3.2 An operating condition could, however, develop whereby excessive flow through the de-coupler could take place, resulting in wasted primary chilled water pump energy and inefficient chiller operation. This condition will mainly develop under a load decreasing cycle.
11.3.3 When this de-coupler flow exceed 8250 gpm then the ICS should disable a chiller set, and as per cooling load increase.  
12.0 Cooling Load Increase

12.1 An increase in cooling load on the secondary chilled water system will manifest itself in the following possible ways:
12.1.1 An increase in return water temperature without an increase in secondary chilled water flow rate
12.1.2 An increase in secondary chilled water flow rate without an increase in return water temperature.
12.1.3 A combination increase in both return water temperature as well as secondary water flow rate

12.2 An increase in return water temperature will affect system operation as follows:
An increase in return water temperature will result in automatic loading of the operational chillers through the individual chiller control modules in order to maintain the set chilled water leaving temperature at each chiller. Once the operational chillers are fully loaded to their maximum load selling (proposed 100% - set point adjustable), then a further increase in return water temperature will lead to an increase in the common chilled water supply temperature on the secondary side. Once the temperature exceeds the chilled water supply temperature set point at 40ºF by a set temperature differential of 0.5ºF (adjustable) and subject to programmed start delay timing, then the ICS shall enable the next duplex chiller set.
12.3 An increase in cooling load by secondary water flow increase will affect system operation as follows:
12.3.1 In case of TEST is available, depending on system operational status, an increase in secondary chilled water flow rate will use the thermal storage amount from the TEST subject to having thermal energy stored in TEST above the minimum level as well as being out of the period within which the peak load is expected.
12.3.2 In case of De-coupler, depending on system operational status, an increase in secondary chilled water flow rate will reduce the low temperature (40ºF - adjustable) flow in the de-coupler from the supply to the return side, resulting in an increase in the mixed return water temperature after the de​-coupler back to the chillers. The subsequent loading and further ICS action shall enable the next duplex chiller set.
13.0 Cooling Load Decrease
13.1 A decrease in cooling load on the secondary chilled water side will manifest itself in the following possible ways:
13.1.1 A reduction in the return secondary chilled water temperature with no change in the water flow rate.
13.1.2 A reduction in the secondary chilled water flow rate with no change in the return water temperature.
13.1.3 A combination change in the secondary chilled water flow rate and temperature

13.2 A decrease in load as a result of a reduction in return water temperature will affect system operation as follows:
13.2.1 A reduced return water temperature to the chillers will result in the individual chiller control modules unloading the operational chillers in order to maintain the set supply water temperature. Once the chillers have unloaded to 70% capacity, the ICS will disable upstream chiller from the operational chillers in a controlled sequence allowing for the programmed time delays between actions to eliminate  undue cycling and ensure loop temperature flow and temperature stability.
13.2.2 In case of TEST is available, a reduction in secondary chilled water flow rate with no change in the return water temperature will result in increase of the Energy stored at the TEST. When the maximum amount of energy is stored, then one chiller set shall be stopped. 
13.2.3 In case of De-coupler, a reduction in secondary chilled water flow rate with no change in the return water temperature will result in an imbalance in primary and secondary circuit flow rates that can not be picked up from the common chilled water supply temperature. The operational chillers will unload from their unit controllers in order to maintain the set chilled water supply temperatures.

As soon as the de-coupler flow rate increases to 8250 gpm as 110% of primary chilled water pump capacity, and the chillers unloaded to 70% of the full capacity, then the ICS will disable one chiller set, subject to programmed time delay setting having been met.

14.0 Chiller Rotation Sequence
14.1  Any equipment to be considered in the rotation sequence (Lead/Lag sequence) should be in Auto mode and non-alarm status

14.2 Lead/Lag sequence must be applied to each type of equipment (Duplex-Chillers, cooling towers, primary pumps, condenser pumps and secondary pumps). Lead/Lag sequence will define the following:
· The next lead-to-start equipment.

· The next lead-to-stop equipment.

· Ignoring any failed devices on the previous selection.

· Define any replacement to the next lead-to-start equipment, in case of starting an equipment to replace any failed or failed-to-start equipment. (Lead-to-start equipment is considered the standby for the already operating/commanded to start equipment).

· Must take in account the maximum permissible delays, and number of starts/stops.
(as well as taking into consideration any other factors that might be requested by the device manufacturer).

14.3 Lead/Lag sequence will be defined based on the total run-time of (each) equipment, in-order to guarantee equal total run-times for all devices, as follows:
· Lead-to-start equipment is the one with the lowest total run-time from the off-duty devices.

· Lead-to-stop equipment is the one with the highest total run-time from the on-duty devices.

15.0 Chiller Faulting

15.1 A chiller is considered to be faulted if any/or both of upstream and downstream chillers are ​in alarm condition, and/or if communication between the chiller CSCP and the ICS is lost.

15.2 Chillers faulted because of communication failure will be left in the last command state.

15.3 Chiller faulted for any other reason will be commanded off. All faulted chillers will be rotated out of rotation sequence and next to be enabled chiller(s) will be started.

15.4 For more details refer to item 11.

16.0 ICS Global Monitoring and Alarming Procedure

16.1 ICS logic shall monitor all equipment (pumps, chillers, etc.) running status, auto status, and all the available alarm indications.

16.2 The logic shall transfer to the HMI all field instrument measurements and alarms (Temperature, Pressure, Flow and Level Transmitters, and flow, level, differential pressure, and End switches).
16.3 ICS shall supervise operator access authority as well as operator commands, trends, and parameter adjustments (such as set-points, high/low limits, etc.).
16.4 Software interface shall be provided with the following systems:

· Plant – Building Management System.

· Chillers CSCP’s.

· Power Switchgears.

· Variable Frequency Drives.

· Fire Alarm System.
16.5 ICS logic shall transfer to HMI all monitored points such as status, alarms and 
          measurements of the following sub-systems/devices:

· Expansion tanks.

· Make-up water tanks and pumps.

· Chemical treatment stations. 

· Side stream filtration units.

· Refrigerant leak detection.

· Flood detection.

· Electrical rooms and control room temperature measurements and alarms.

· Secondary circuit Headers temperature, pressure, flow and energy measurements.

· Outside air conditions (temperature and relative humidity measurements).

17 Make-Up Water System 

Condenser system make up water (the complete system is shown on drawings: YI01-1-I-DWG-105), will be provided to cater for cooling tower evaporation, drift and bleed. The system will consist of three compartment storage water tanks (YI01- FST- 001&002&003) located at basement. From the tank(s) water will be pumped to CT(s) basins using a booster pump set consists of three variable speed pumps (YI01 MWP01 A, B & C) and pipe network. 
The water tank will be supplied from the municipality water network, amount of water to be monitored (FIT 10501). Should there be a shortage in municipal supply due to network failure, the water stored in TES tanks shall be directed to fill the water tank using motorized valves (MBV 10315 A&B).
To maintain cooling tower basin water level, each branch feeding a cooling tower basin will be provided with a float valve as well as a motorized valve (MBV 10501 A, B & C).
ICS shall monitor each pump status and alarm, as well as control panel general alarm. Also the amount of water entering / supplied (to CT’s) to be monitored (FIT 10501 & FIT 10502). Level switches (LIS 10501A ,LIS 10501B ,LIS 10501C) shall be used to alarm for each tank low & high levels. The ultrasonic level transmitter (UIL 10501A , UIL 10501B ,UIL 10501C)  shall be used to indicated the amount of water inside each compartment.

18 Chilled Water Expansion

The complete system is shown on drawings (YI01-1-I-DWG-101). A redundant Chilled Water expansion and Make-up System shall take over the feed & expansion operation when the TES tank is isolated from the system. The system comprises a bladder type pressure vessel, and the water supply to the vessel from the Fresh Water System as shown on drawing (YI01-1-I-DWG-105). Under normal operation, that is feed & expansion by TES tank, the chilled water expansion tank shall be isolated from the system via butterfly valves.

In the event of the TES tank shut down for maintenance. The system is maintained at minimum 0.7 bar above system static. A pressure transmitter located at top portion of the expansion tank to monitor the tank pressure. When the tank pressure drops below design pressure due to pipe expansion or water drain off from the chilled water piping system, the control system will command the solenoid valve on compressed air system to open to allow the replenishment of compressed air, and close when the pressure reaches 1 bar plus static.

A differential pressure transmitter shall be installed at the tank to monitor the tank water level. When the water level drop below a pre set  level from the datum line of the tank (YI01-ET-01 A&B), the system control panel shall command the tank relevant booster (YI01-BP-01 A&B)pump to operate so that make up water is injected to the Primary Chilled Water circuit.

All system operating and protection considerations shall be carried out by its local Control Panel. ICS shall monitor each vessel level, each pump status and alarm, as well as control panel general alarm.
19 Chemical Water Treatment Facility

To maintain plant performance and extend the life span of chillers and other plant components including piping system, it is mandatory to chemically treat the chilled water system (closed system) and the condenser water system (open system).
For the chilled water system (YI01-CTS-01), PH control chemical, scale and corrosion inhibitor will be dosed continuously into the system via positive displacement pumps (YI01-CTV-01 A & B). All system operating and protection considerations shall be carried out by its local Control Panel.

For the condenser water system (YI01-CTS-02), the biocide, PH control chemical, scale and corrosion inhibitor will be dosed continuously into the system via positive displacement pumps (YI01-CTV-02 A, B & C). All system operating and protection considerations shall be carried out by its local Control Panel. To prevent build-up of dissolved minerals arising from evaporation of cooling tower water, conductivity sensor and controller will be installed to control the blow-down rate.

Corrosion rate will be measured by the use of corrosion coupons placed in a bypass pipe arrangement across the chilled water supply/return and condenser water supply/return headers.

For dosing points refer to drawings (YI01-1-I-DWG-101&102&103&104).

ICS shall monitor each control panel status and general alarm, as well as measured PPM for PH & ORP. Refer to drawing (YI01-1-I-DWG-106). 
20 Water Filtration 

As per drawing (YI01-1-I-DWG-106), the chilled water circuit shall be filtered to avoid cross contamination of plant from developing activities on the network. Two side stream filtration sets (YI01-SS-01 & 02) to filter 20% of circulated chilled water to the distribution are used. Same for condenser water system, two side stream filtration sets (YI01-SS-03 & 04) sized to filter 20% of the total circulated water of the condenser system. For intake/return points refer to drawings (YI01-1-I-DWG-101&102&103&104).
All system operating and protection considerations shall be carried out by its local Control Panel. ICS shall monitor each pump status and alarm, as well as control panel general alarm.
21 Refrigerant Recovery / Containment Facilities
To contain refrigerant and reduce its local and global hazard, the following measurements shall be performed:

a) Manual operated refrigerant recovery units (YI01-VP-01&02) with a receiver of 115% of served Chiller refrigerant charge. In this regards two units sufficient for one Chiller refrigerant charge with inter connecting piping and ball valves to each Chiller shall be provided. The complete system is shown on drawings (YI01-1-I-DWG-107).
b) Refrigerant relief valves of the chillers with rupture discs shall be connected into a main header and taken outside the building at roof level. The rupture disc shall help not releasing all refrigerant to atmosphere when pressure exceeded in the system. The line shall be sized according to manufacturer’s recommendation and ASHRAE standards.

c) Refrigerant leak detection sensors shall be provided and distributed within Chiller hall.  Such sensor shall activate refrigerant dilution ventilation system. Refer to drawing (YI01-1-I-101 & 102).
22 Refrigerant Monitoring System
Continuous monitoring system will be installed in the chiller plant room to collect air sample at various locations around the chillers and refrigerant pump down unit. It detects low level of refrigerant leak down to 1 ppm and depletion of oxygen below 20% by volume. The monitoring system will activate the mechanical exhaust system and open the motorized dampers at low level and close the motorized dampers at high level to extract out the leaking refrigerant gas.
23 Compressed Air System
The complete system is shown on drawings (YI01-1-I-DWG-108). The compressed air system will be used to provide the facility with compressed air (CA) necessary for cleaning and maintenance tool operation.

The system will consist of two air compressors (YI01-AC01A&B), two air dryer (YI01-CAS-03A&B), CA cabinets, filters (YI01-AC04 A, B &C) and interconnection piping system.

Each CA outlet will be designed to provide 4.75 (L/s) (10 cfm) at 10 bar. Outlets will be so distributed in the plant to cover service point location. Each CA outlet will be provided with air filters, gauges and PRV(s)
ICS shall monitor the supply air pressure (PIT 10801 ~ 4) and temperature (TIT 10801 A&B), as well as the air compressor status and alarm. Dirty filters also shall be monitored via differential pressure switches.
24 Room Temperature Monitoring
ICS shall monitor each of the following rooms temperature and alarm for high level:

· Control Room.
· Switchgear Room.
· Transformer Room.
· MCC Room.
25 Interface with Electrical Services

ICS shall be interfacing with electrical switchgear, VFD’s, Soft starters and Fire Alarm system via communication link (software) using standard protocol (MODBus), by which operator is capable of viewing, store and creates operation alarms and logs.
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