INTEROPERABILITY OF DDC STAND ALONE CONTROLLERS WITH NETWORK PROTOCOLS
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ABSTRACT

Tolerance of EN 12098 – 1; 1996 controls of heating systems – part 1; Outside temperature compensated control equipment for hot water heating systems and EN – 12098 – 2; Controls of heating systems – Part 2; Optimum start – stop control equipment for hot water heating systems have been evaluated and ASHRAE Guidelines to specifying Direct Digital Control Systems with pr. EN ISO 16484-1 Building control systems – Part 1: Overview and definitions (ISO/DIS 16484-1: 1999) and pr. EN ISO 16484-2 Building control systems – Part 2: HVAC control system functionality (ISO/DIS 16484-2; 1999) have been evaluated.

Application of free programmable and fixed program controller produced by different manufacturers has been developed for interoperability in LON protocol based network. Technical and economical results of Riga district heating network retrofitting program are estimated in respect of LON protocol network development. Aspects of visualization have been taken under evaluation. Research is completed with economical calculations for alternative network models.

INTRODUCTION

The costs of utilization of a building over complete life-cycle are defined as operating costs. These costs stretching from the completion of the building project up to demolition, often exceeds the pure construction costs many times. In the case of a utilization period of  40 years, it is estimated generally that the operating costs are four times the amount as the total investment costs for the building in average. Therefore, operating costs are particularly focused on economical considerations. Costs cutting in building projects cannot only be achieved via cutting the construction costs, but also by a reduction of operating costs; the latter can be can be effected by an increase in the efficiency of the utilization of the building. It is facility management which is vested with the reduction of costs and indoor environment quality improvement at the same time. Operating, maintenance and use system considers all data necessary for the utilization of a building, such data has to be processed and made available to be called out.

The opportunities for improved performance of HVAC systems that stem from the  development of high-performance direct digital controls (DDC) are rarely fully exploited in building mechanical system designs. A majority of design work in the building construction industry derived  from the rules of thumb rather than break established rules of design and operation are still considered risky. Designs utilizing high-performance controls require the designer to rethink how systems can be most efficiently configured, and this thinking challenges the rules of thumb that are widely applied. To see the benefits of more rigorous design approaches and to challenge acceptance of traditional design practice administrative regulations and control levels structure in building automation systems have to be matched.

Among the comprehensive aspects an architect and engineer of building equipment and installations should not only work on the optimization of the technical details of his field work, but he should always take into account the holistic aspects, particularly regarding total investment costs for the building and operating costs. Architects and engineers have to adapt to this development, i.e. think holistically and include all aspects in their thinking, planning and acting.

It is considered building as intelligent building (Figure 1.),


Optimization goals:

· Investment costs, Operating costs

· Energy consumption
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Figure 1. A building is a technical process

in which we can separate building automation system levels (Figure 2.).
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Figure 2. Building automation system BAS levels.

The heightened awareness of the importance of environmental protection, and the possible impacts associated with products manufactured and consumed (buildings during life cycle assessment) has increased the interest in the development of methods to better comprehend and reduce eventual impacts. LVS (Latvian State Standard) EN ISO 14040; 1997 – Life cycle assessment – Principles and framework describes the procedure for conducting and reporting Life Cycle Assessment (LCA) studies and includes the minimum of requirements. Life cycle inventory studies shall include definition of goal and scope, inventory analysis and interpretation of results. Phases of an LCA are interpreted on Figure 3.
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Figure 3. Phases of an LCA

Main demands to network part are defined in European Standards pr EN ISO 16484-1 Building control systems – Part 1: Overview and definitions (ISO/DIS 16484-1: 1999) and pr EN ISO 16484-2 Building control systems – Part 2: HVAC control system functionality (ISO/DIS 16484-2: 1999).

Demands for stand alone controllers on individual automated heat substations are formulated in EN 12098-1: 1996 Control of heating systems Part 1: Outside temperature compensated control equipment for hot water heating systems and EN 12098-2: 2001 Controls for heating systems: Part 2: Optimum start – stop control equipment for hot water heating systems. Definitions from EN 12098-1 are as follows:

Outside temperature compensated controller (OTC) -


The control device consists of the electronic controller, sensors and output signals, but does not include the actuating equipment.

Actuating equipment -



The equipment providing the means by which the controller affects the controlled variable.

Controlled variable -



    The boiler and/or supply-water temperature.

Output signals - 
    

The signals generated by the controller for operating the actuating equipment.

Reference variables –

The outside temperature with or without other influences or variables (e.g. room temperature) used to determine the set point of the controlled variable.

Outside temperature – 

Reference variable that is measured with a sensor fitted outside the building, mainly intended to measure the air temperature.

Outside temperature compensated control –

Change of the controlled variable guided by the outside temperature.

Nominal room temperature –

The resulting room temperature in the building arising in nominal operation of the controller. It is dependant on the design of the heating system and can be different for individual rooms.

Reduced room temperature –

Reduced room temperature compared with the nominal room temperature resulting from operation at a reduced set point.

Stand-by room temperature – 

The room temperature resulting from switching off the heating.

Controller characteristic heating curve –

The relationship between the set point value of the controlled variable and the reference variables, defined by two or more parameters.

Switch-on time –

Point in time at which the controller starts-up the heating or increases the boiler/ supply water temperature in order to reach the nominal room temperature.

Switch-off time –

Point in time at which the controller switches off the heating or decreases the boiler/supply water temperature.

 Nominal operation –

Operating period between the switch-on time and switch-off time.

Reduced operation –

Operating period from the switch-off time up to the switch-on time, maintaining a reduced room temperature compared with the nominal room temperature.

Stand-by operation –

A mode in which the heating is switched-off.

Manual operation –

A mode in which the controller is inactive and the actuating equipment can be manipulated manually.

Frost protection function –

A function in all operation modes (except manual operation) to prevent the heating system from freezing by providing specific output signals to actuators.
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Figure 4. Temperature-time curve.

LonWorks technology includes all components to design, develop, operate and maintain a control network: hardware, software and know how.

A Node is an intelligent device in a network, a sensor, an actuator or a controller. All nodes together make up the network. A node is connected to another nodes of the same network with appropriate communications media.

The Neuron Chip is the heart of any LonWorks node. 

The LonTalk protocol is an open communications protocol based on the OSI Reference model. It defines a standard way for nodes to exchange information.

A transceiver is a device that realizes the electrical and mechanical connection of the Neuron Chip to the physical communications medium.

A Host Processor is used to execute a comfortable application program. The Neuron Chip is then used as a communications coprocessor to realize the network interfacing.

Network Interfaces are used to connect a computer to a LonWorks network.

Tools are needed for developing, operating and maintaining the network.

Network variables are high-level objects that application nodes use to communicate with one another. They are a special class of static objects of the Neuron C programming language. They are used to exchange data between nodes of a network, and are declared by the application code.

Example:

An output network variable has been declared in the application program of a temperature sensor (Figure 5.). The variable contains the current value of temperature.
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Figure 5. Sensor node with an output network variable.
In the application code of a controller for a heating device (radiator, boiler), an input network variable has been declared (Figure 6.) It receives the current value of temperature of the sensor node via the network and controls its own hardware.
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Figure 6. Actuator node with an input network variable.

The network variables for each node may be defined independently. During the binding process both the network nodes are logically connected (Figure 7.)
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Figure 7. Network variables connected via network.

Output network variables have an exceptional features: Whenever the temperature sensor of node measures a new value for the temperature, the new temperature value is assigned to network output variable nvoTemp and is then propagated automatically with the network variable over the network to all nodes with an appropriate input network variable.

The Standard Network Variable Type (SNVT_temp_p) covers up a temperature range from –273.17oC to  +327.66oC with a resolution of 0.01 degree.

When a binary coded message of 0111 0010 1000 0101 (in decimals: 29 317) arrives at the heating controller via the network, the message is understood by the controller node automatically as a temperature value of  +20oC.

The most common way for LonWorks nodes to communicate with one another is through network variables. They are the logical inputs and outputs of a device. Types, functions and number of network variables in each node are determined by the application program. The type of a network variable defines the actual data representation. This type may either be user-defined, or a SNVT. It is recommended to use SNVTs whenever possible. SNVTs define standard ranges, units and resolution. They can be a single data item, of structure or enumeration types. SNVT’s define standard formats and semantic. Therefore they provide a well-defined interface for communication between nodes made by different manufacturers. The use of SNVTs facilitates interoperability of devices.

Table 1. Extract from the SNVT Master List:

Name of SNVT
Measurement (Unit)
Range (Resolution)
SNVT #

SNVT_volt
Voltage (V)
- 3276.8 … + 3276.7 (0.1)
44

SNVT_volt_kilo
Voltage (kV)
- 3276.8 … + 3276.7 (0.1)
46

SNVT_volt_mil
Voltage (mV)
- 3276.8 … + 3276.7 (0.1)
47

SNVT_volt_f
Voltage (V)
- 1E38 … + 1E38
66

SNVT_amp_mil
Current (mA)
- 3276.8 … + 3276.7 (0.1)
2

SNVT_power
Power (W)
0 … + 6553.5 (0.1)
27

SNVT_freq_hz
Frequency (Hz)
0 … + 6553.5 (0.1)
76

SNVT_temp
Temperature oC
- 273 … 6279.5 (0.1)
39

SNVT_temp_f
Temperature oC
- 273.17 … + E 38
63

SNVT_temp_p
Temperature oC
- 273.17 … +327.66 (0.01) 
105

SNVT_lev_cont
Level, continuous (%)
0 … 100 (0.5)
21

SNVT_flow
Flow (l/s)
0 … 6553.5 (1)
15

SNVT_mass
Mass (g)
0 … 6553.5 (0.1)
23

SNVT_alarm
Alarm state
(Structure)
88

SNVT_file_pos
File position
(Structure)
90

SNVT_switch
Switch
(Structure)
95

A set of such a standard types has been defined by the LonMark Interoperability Association in the SNVT Master List. The list will be updated periodically when new SNVTs are added.  

European pre-standards prEN12170 and prEN12171 specifies requirements for providing documentation in respect of the operation, maintenance and use (O,M&U) of systems in buildings.

These pre-standards are intended to be used in preparation of O,M&U instructions for new projects, renovation projects and can also be used in existing buildings in order to ensure that documentation contains essential information to a minimum standardized level.

Relevant instruction for the operation, maintenance and use are necessary for safety and rational use of energy and environmental quality management. Each installed system shall have a set of O,M&U instructions including a record of the design operating and maintenance requirements for the system as specified by the system designer.

O,M&U instructions shall be written in the official language of the country where the system is installed.

A copy of the O,M&U instructions shall be prepared in a form appropriate for the use by those concerned with the operation, maintenance and use of, for example, the heating system in the building.

The O,M&U instructions shall be prepared and produced prior to the conclusion of contractual obligations and it shall be available at hand-over.

The O,M&U instructions shall contain the following information, as specified by the system designer:

· A general description of the system. The description shall give information about the purpose and services for which the system was designer and intended.

· Plans showing building and components and appliances layout, to guide those concerned with operation, maintenance, servicing or repair of the heating system.

· Schematic plant or system drawings.

· A full description or other information in respect of concealed pipe-work and components and appliances that are considered  free of  maintenance.

· Make, type, duty and data on components and appliances.

· Commissioning information and data.

· Commissioning and balancing report.

· Operation, servicing, maintenance and repair history of the heating system and subsystems.

· An address list.

· Reference to applicable health and safety regulation, including risk assessment.

· Manufacturer data sheet.

· Cost control schedules for operation, maintenance and repair.

· Any warranty conditions.

· Any specific component or manufacturers literature to which cross – reference is made in the O,M&U instructions.

· Location where O,M&U instructions are available, including archive.

Technically advanced control technologies and legal frame work are accepted as base for DH rennovation in Latvia. As highlighted project we can consider Riga District Heating Rehabilitation Project (RDHRP), which has been  implemented on base of "Law of Energetics of Republic of Latvia", resolution of Riga City Council 23/12/1997 #5438 "Conception of Riga City Heat Supply Development" and Riga City Council Resolution 21/01/1999 #6981 "Resolution on Riga Centralized District Heating Rehabilitation Project".

The District Heating system in Riga is divided in to 5 major geographically separated regions, plus three systems outside the city core, Bolderaja, Vecmilgravis and Daugavgriva. The present heat supply comes from a number of sources, such as the Combined Heat and Power (CHP) plants TEC-1, TEC-2, the Heating Only Boiler (HOB) Plants Imanta, Zasulauks and Ziepniekkalns. In addition to these plants a number of smaller boiler plants and the individual systems are connected to the system.

The goal for the Riga District Heating Rehabilitation Project is to:

· Allow for optimization of the heat production in favor of Co-generation;

· Optimize the utilization of the distribution system by operating at other temperatures and pressures than today;

· reduce heat and water losses;

· Have the customers' installations improved for even distribution within the buildings so that the customers receive heating and hot water service according to the demand and to what they have to pay. Any measures for saving energy in the building will thus be reflected their heating bill. 

Rigas Siltums purchasing of energy is reduced by lower heat losses and lower energy usage by the customers.

In the interconnected Rigas Siltums district heating system the only safe alternative for reconstruction of customer substations is to replace the elevator points by automated individual Heat Substations (AIHS) comprising heat exchangers for both the domestic hot water and for the space heating. 

After RDHRP implementation a limited functions of AIHS have been investigated. In presented paper the dynamics of night temperature reduction is analyzed as a function what directly impact  hydraulic regime of DH network. In Figure 8. changes of water volume in AIHS as dynamic impact is performed.  
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Figure 8. Performance of volume dynamics for morning boost (a) and night reduction (b).

More difficult periods for hydraulic regime are morning boost  and evening adaptation. Relative values of transfer processes are compacted in the Table 2.

Table 2. Transfer process as result of night time temperature reduction.

Number of consumers to reduced temperature

regime
Consumption in DH Network




Q – heat load; kwh


V-water morning value; m3/h




Day

average
Night

average
Max. in morning boost


Q (%)
V (%)
Q (%)
V (%)
Q (%)
V (%)

0%
100
100
96
98
103
105

30%
100
100
89
85
105
112

50%
100
100
81
75
112
120

70%
100
100
73
65
119
128

100%
100
100
60
50
130
140

As a result the following hesitation of heating and hot water changes are recommended in Table 3.

Table 3. Recommended time intervals for night reduction.

Technology type
Night reduction
Morning boost
Reduction in temperature

Heating
21:00-23:00
3:30-4:30
1-2 oC

Domestic hot water
0:30-1:00
4:30-5:30
7-8 oC

CONCLUSIONS

1. Stand alone controllers available in RDHRP provide possibility of heating curve and night regime choose. 

2. Possible reference sensor or adaptive self timing function adding is necessary to estimate.

3. Realization of operation maintenance and use program on computerized local area network is estimated  as closed step in Riga city DH development.

LITERATURE

EN 12098-2, 2001, Controls for heating systems – Part 2: Optimum start-stop control equipment for hot   water systems

Kurnitski., J., 1997, Renovation criteria of apartment blocks in Estonia, SCANVAC newsletter, – p. 8-9.

Tiersch, F., 2000, LonWorks technology : an introduction, DESOTRON Verlagsgesellschaft Dr. Günter     Hartmann & Partner GbR.

