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2. FUNCTIONAL AND TECHNOLOGICAL DESCRIPTION OF THE AUTOMATION SYSTEM AFFERENT TO THE DISTRICT HEATING SUBSTATIONS  

2.1. The main parameters are the following:

· Mass flow 
  
 


= variable, according to the heating charge










    calculated

· Primary heat input pressure winter/summer
= 10 -12 bar / 8bar

· Primary heat discharge pressure winter/summer
=  5 - 7 bar / 4bar

· Primary heat input temp winter/summer           
= 120 ºC / 70 ºC

· Primary heat discharge temp. winter/summer    
= 68 ºC / 40 ºC

· Secondary heat input pressure 


= 6 bar

· Secondary heat discharge temp


= 90 ºC

· Domestic hot water input temp

 
= 55 - 60 ºC

· Environmental temperature


= -30…+50 ºC

The automation installation is similar in the district heating substations that will be rehabilitated and is according with the connection diagram approved by the specialists of S.C. „C.E.T. Iaşi” S.A. on DE 15.06.2007

Consumers supplying from each district heating substation is made through a 0, 4 kV local distribution panel.

This project treats the rehabilitation of the automation installations within the 23 heating points from Iasi and integrating them in a SCADA system, for remote real time transmission, to area dispatch and/or to receive commands from it (opening/closing valves, pumps, set points for closed control loops, etc.) and will allow an exploitation of the district heating substations without human assistance.   

3. TECHNICAL SOLUTION PROPOSED

3.1.
Presentation of the solution



The scope for district heating substations rehabilitation is to optimize the energy and heating consumption at this level, for increasing the comfort and reducing the costs for end consumers. 

In order to fulfill these objectives, modern automation systems must be supplied at the level of the district heating substations and must be integrated in an intelligent remote transmission monitoring system (to the area dispatch) of the operating parameters, emergency situations, fire, breaking, flooding as well as the data acquired from the meters inside the district heating substations and from the blocks of flats connected to this district heating substations. In addition, the automation system provided must be able to monitor and send to the area dispatcher the data acquired from the heating pipe monitoring system.

The following control loops will be implemented in the district heating substations: 

· Differentiated pressure controller on the primary circuit; mounted on primary heat input; a constant pressure difference ∆p will be provided at the entry in the district heating substation, independent of the pressure variations from the network of distribution of primary heating

· The control of the secondary heat carrier temperature – supply, to the outside temperature and configurable control curves by three control points (by Y1 - control valve with two ways);

· The control of the domestic hot water on preset value (55 ºC ± 3 ºC, min. 47 ºC to consumer) by Y2-control valve with two ways. When the request of the domestic hot water is reduced, an optimal temperature control is accomplished by Y3 - control valve (with three way), for by-passing of the domestic hot water preheater. When the secondary heat carrier temperature control is done simultaneously with the domestic hot water control, the domestic hot water control has priority.

· The automatic control of the secondary heat flow by heating circulating pumps command. The heating circulating pumps are with variable speed (in DCF - frequency converter cabinet)

· Will insure a constant differential pressure ∆p to input in thermal substation for any pressure changes on the primary heat distribution circuit

· Switching on/off the re-circulation pump according to the re-circulation temperature.

It will be adjusted the primary heating carrier which enters the heating preheater for preparing domestic hot water, 2nd level, so that the temperature through the exchanger does not exceed  70 ºC (for reducing the deposits on the plates).  

The domestic hot water will be prepared with high priority in the high consumption periods. 

The control functions will be the following:

· Control valve(Y1) with 2 ways (4-20mA), for the secondary heating circuit. 

· Control valve (Y2) with 2 ways (4-20mA), for the domestic hot water circuit. 

· Butterfly control valve (Y3) for by-passing of the domestic hot water preheated, respectively discharge at the return of the primary carrier. 

The normal operation of the technological process from the district heating substations is ensured by the following equipments:  

· Pipes system:

· Primary input – output primary heat carrier;  

· Secondary input – output primary heat carrier;  

· Domestic hot water;

· Domestic hot water recirculation; 

· Cold water

· pumps:

· circulating heating (variable speed)

· make-up water, included in the make-up-expansion module 

· Domestic hot water recirculation 

· heat exchangers:

· heating

· domestic hot water

3.2.
District heating substations’ monitoring and automation equipment

A modern automation system will be implemented by rehabilitation and modernization of district heating substations that will consist of: 

· Field instrumentation for measuring the pressure and temperature on the main circuits; 

· Energy and flow meters for input primary heat carrier, for make-up water circuit and for domestic hot water recirculation circuit;

· Acquisition and processing data equipment that will provide the interface with the data acquisition process, will issue commands for control valves and for the domestic hot water recirculation pump and will send the data to the upper level - area dispatch.   

· Equipping the district heating substations and modules with data processing and transmission equipment for consumers heating energy meters with M-BUS interface and adaptor M-BUS to RS 232.  

· Equipping the heating points and modules with central monitoring unit for pipes.  

The district heating modules (MT) belonging to the district heating substation (if they exists) are fully equipped and have all the automation included. In the building for each district heating module will be also placed the central monitoring unit for pipes and the data processing and transmission equipment for consumers’ meters.   

The acquisition and processing data equipment (EAD) is an industrial digital and modular control system (controller) with display, according to OPC norms. 

The acquisition and processing data (EAD) fulfils interface with the process by data acquisition gives commands to control valves and to domestic hot water circulation pump and ensure data remote to high level – area dispatch. 

So, this equipment fulfils the followings functions: 

· The control of the secondary heat carrier temperature – supply, to the outside temperature and configurable control curves by three control points (by Y1 - control valve with two ways);

· The control of the domestic hot water on setpoint value (55 ºC ± 3 ºC, min. 47 ºC to consumer) by Y2-control valve with two ways. When the request of the domestic hot water is reduced, an optimal temperature control is accomplished by Y3 - control valve (with three way), for by-passing of the domestic hot water preheater. When the secondary heat carrier temperature control is done simultaneously with the domestic hot water control, the domestic hot water control has priority.

· The automatic control of the secondary heat flow by heating circulating pumps command. The heating circulating pumps are with variable speed (in DCF - frequency converter cabinet)

· Will insure a constant differential pressure ∆p to input in thermal substation for any pressure changes on the primary heat distribution circuit

· Will insure the primary heat flow control to input in domestic hot water preheater, so what the temperature in preheater to be not more then 70 ºC (for reducing of the deposits on plates)

· Will insure the delayed matching of the secondary heat temperature to quickly outside temperature disturbances

· Start up of the domestic hot water circulation pump according to the hot water recirculating temperature

· Operating on AUTO, without operator, with the possibility to adjusting of the load curves, time programming and operating modes with low energy consumption operating mode (during night time, etc)

· Acquiring data from thermal energy and flow meters from substation and buildings, by M-BUS interface

· Remote transmission to area dispatch of the operation parameters (P,T, Q)

· Detection, alarm and remote of the troubles, fire, breaking, flooding, acquired from the specific equipments;

· Remote transmission of the heating circulating pumps status, the temperature setpoints and acquiring the commands and setpoints from the area dispatch. 

· The AUTO control for pumps and valves will be doubled by manual control

· The acquisition and processing data equipment – EAD (controller) will be provided with M-Bus interface for acquisition data from thermal energy meters and MOD-BUS interface for acquisition data from expansion systems and variable speed pumps (by DCF - frequency converter cabinet)

A part of the technological equipments are equipped with own measurement and automation instrumentation managing the commands, working regimes and supply information regarding the operation, particularly: 

· Heating circulating pumps, with variable speed, controlling the secondary heat carrier flow 

· Heating modules (for the district heating substations equipped with heating modules) 

· Make-up water-expansion modules, completely automated and equipped with MODBUS communication interface;

The DCFs (frequency converter cabinet) are intelligent equipments, settable, responsible with driving the pumps with variable speed, the DCFs are local equipments, placed in the district heating substation, that provide

· Local signaling the state of the pumps  

· Local display of all the parameters measured by the equipment  

· Local configuration of the equipment parameters

· Local switch on/off of the equipment 

· Manual control of the pump speed, according to the constant differential pressure (Δp).

· Local selection of the manual – automatic operating mode  

· Local selection of the local – distance configuration mode  

· Local resetting the equipment 

· Data transmission to an upper level  

· Receiving configuration and/or commands from an upper level, in remote operating mode.

In each district heating substation the operation of the circulating electrical pumps with embedded frequency converter will be controlled by an automation cabinet (DCF) that will ensure the continuous control of the speed of the electrical pumps according to the constant differential pressure (Δp). The sensor for Δp is part of the supplied equipments and will be mounted at the output from the district heating substation. The communication between this sensor and the automation cabinet from the district heating substation is made by cable.  

The automation cabinet (DCF) must have bi-directionally communication with the data acquisition and processing equipment (controller) that will be mounted in the district heating substation. The main information that automation cabinet of the pumps will send to the controller are:

· State of the electrical pump (on/off)

· Setpoint value for Δp

· Measured value Δp at the output from the district heating substation

· Value of the electrical pump speed (flow correspondence) 

· Operating mode of the electrical pump (manual / automatic / remote)

· Emergency and fault alarm signals 

All this information will be sent to the controller through a serial connection RS485 with communication protocol MODBUS.

Through the controller, all the data above mentioned are sent to the area heating dispatch, where there will be possible to modify the setpoint, the control values and switching on/off the electrical pumps.   

The DCFs communicate with the controller through a serial communication channel  RS485, with owner communication protocol, through which it sends the operating parameters of the pumps with variable speed, setpoint values, internal states of DCFs and can receive commands from the controllers.  

The commands made from the local control panel of DCFs are a priority with respect to the ones executed from remote.  


a. The control functions will be performed with the following equipments:

· Data acquisition and processing equipment – EAD is an industrial digital and modular control system (controller), with an open hardware and software architecture, freely configurable, freely programmable, standardized OPC, with display;  

· Control valve (Y1) with 2 ways, electrically-driven (4-20mA), for the secondary heating circuit. 

· Control valve (Y2) with 2 ways electrically-driven (4-20mA), for the domestic hot water circuit. 

· Butterfly control valve (Y3) control valve (with three way), for by-passing of the domestic hot water preheater.   

· Differentiated pressure controller with flow limitation

· Temperature sensors PT 100;

· Pressure sensors (4-20 mA output);

· Meters for measuring the heat energy and flow  

The strategy of the pumps (circulating and make-up water) will allow:

- the manual setting of the faulty pumps or under repair;  


- presetting the pump in operation by operator (for automatic mode); 

· pumps manual control mode (and on/off command by push buttons) using a manual-automatic selector  

· Automatic switch on the stand by pump in case of fault of the pump in operation when the “manual / automatic” selector is switched on ”automatic”;

c. For the implementation of the automation system, it will be considered that these district heating substations will be integrated in a dispatch SCADA system. 
Therefore, all the district heating substations must be remotely supervised and controlled. From this reason, the controller from each district heating substation must be able to acquire and transmit to the dispatch the main technological parameters, signals, alarms, emergency and functional information from the intelligent equipments from the district heating substation.

The controller will be equipped with all the necessary communication interfaces for coupling with these equipments. 

d. All the information from control process will be sent to the dispatcher through a bi-directional communication through standardized, universal protocols that will allow the setting of the setpoint values, the configuration and setting the parameters for each control loop and the values of the parameters acquired from the process will be displayed in real time. 

e. The software package at the level of the control will allow the real time operation, implementation of the application software and sending the data to the dispatch. At the request of the area dispatch, the available data will be supplied through a Fast Ethernet and/or communication protocol TCP / IP interface.

f. The technological data and functional information from the controller are at least the following:

On primary circuit:
· Primary heat carrier input/output temperature [ºC];
· Primary heat carrier input/output pressure [bar];
· from the heating energy meter on primary hot carrier input (one flow meter and M-Bus output):


- Primary heat carrier input flow (instantaneous value) [mc/h];



- Primary heat carrier input/output temperature [ºC];



- Thermal power primary heat carrier [Gcal/h];



- Primary heat carrier thermal energy index meter;

· Primary DP heat carrier [bar].

On secondary circuit:

· Secondary heat carrier input temperature [ºC];
· Secondary heat carrier input/output pressure [bar]; 
· On/Off state for circulation pumps; 
· State of valid pump – faulty pump for circulation pumps;  
· Ambient temperature [ºC];
· Position of the heating control valve – degree of opening  [%]
On the make-up water circuit:  

· from the heating energy meter on make-up water circuit (one flow meter and M-Bus output):


- make-up water flow (instantaneous value) [mc/h];



- make-up water temperature [ºC];



- heat return circuit temperature [ºC];



- Thermal power make-up water circuit [Gcal/h];



- Energy index meter;

· On/off state for make-up water pumps;  
· Valid pump state – faulty pump for make-up water pumps;  
On the Domestic Hot Water (DHW) circuit:

· Temperature DHW [ºC];
· DHW recirculation temperature [ºC];
· DHW preheater input temperature[ºC];
· DHW Pressure [bar];
· Cold water pressure [bar];

· from the heating energy meter on Domestic Hot Water (DHW) circuit (one flow meter and M-Bus output): 



- Instantaneous flow DHW [mc/h];



- DHW supply Temperature [ºC];



- Cold water temperature [ºC];



- Instantaneous thermal power [Gcal/h];



- Index ACM meter;

· Position of the DHW control valve – degree of opening [%]
g. The technological parameters / heat and DHW consumption from the buildings will be acquired by meters’ M-Bus interfaces.

h. the states on/off for circulating, make-up and recirculating pumps will be acquired from the auxiliary contacts of power contactors afferent to the respective pumps.   

i. The states valid/faulty pump will be acquired from the afferent manual selectors.  

j. The controller will be programmed so that in case of a power failure in the district heating substation, when power returns, the controller will return to the last state.

k. The measurement of the technological parameters of the installation will be done with industrial measurement instrumentation (with model approval) with accuracy class of max. 0,5%, and will be accompanied by metrological control sheets.  

l. All the modules, components, parts, racks, cubicles will be equipped with a permanent label on which the functional and equipment code is written. 

m. All the input/output modules will have a galvanic insulation, the conversion from the analogical signal received at the effectively displayed value must be made with an accuracy of at least 0,1%.

n. In order to correctly decide between the bidders during the auction, all the technical data afferent to the same technical point will be placed at the disposal of the (hereinafter “reference heating unit”).

The measurement points imposed by the default scheme shall be observed. If the tenders wants to bring improving changes, these must be justified. 

o. Upon presenting the technical solution for the reference district heating substation, the bidder will submit the following documentations:  

· General configuration of the system together with the layout diagram;

· Control diagrams;

· List of equipments and field instrumentation; 

· Technical data sheets for equipments and field instrumentation;

· Logical diagrams; 

· List of control parameters and list of alarms and protections;  

· Starting/stopping/operating procedure.  

p. At the same time the bidders will also be handed over the technical reports of all the district heating substations auctioned.  

q. Based on the technical data sheets of all the district heating substations auctioned, the bidder will also submit an estimate for each one. 

The data acquisition and processing equipment will have a modular construction, a flexible and extensible configuration, optimally fitted for the present application, but also ready for future upgrades. 
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