PERFORMANCE OF RIGA DISTRICT HEATING REHABILITATION PROJECT IN ASPECTS OF AUTOMATED CONTROL.
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Riga District Heating Rehabilitation Project (RDHRP) 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. This results in major benefits for the District heating system. First, it is a natural boundary between the district heating system and the building internal side, and the responsibilities can be easily defined. As the primary and the secondary sides will be separated by heat exchangers, the distribution system can be operated at the higher pressure if required for optimized utilization of the plants. The temperature level in the building radiator system is independent of temperature in the distribution system. All water losses in the building will be the responsibility of the building owner, and he will have all the incentives to prevent leaks. Any water leakages from the building heating system will only result in rather small amounts of water compared to the volume available when the whole district heating system is directly connected. 

It is advised to take the make-up water from the district heating water. It is treated sufficiently, and will not cause further corrosion to the radiators and internal pipes, should frequent refilling be required. 

AIHS includes the following major components:

· isolation ball valves for the district heating primary side;

· isolation ball valves for the building heating system;

· isolation ball valves for the Domestic Hot  Water (DHW);

· thermometers and pressure gauges as required;

· differential pressure control valve required;

· strainers for protection of the heat exchangers from the DH primary side, from the building heating system, from the domestic cold water, and from the recirculated domestic hot water;

· control valves for space heating and DHW;

· safety relief valves;

· circulation pump for the building inside heating system;

· re-circulation pump with isolation valves and a check-valve for the DHW;

· cold water isolation valve, and a flow meter;

· required service valves for partial isolation of heat exchangers;

Savings are mainly connected with abandoning the 4-pipe systems. The avoided costs for the replacement of the pipes are significant. In the calculations of savings from lower losses (water losses included) the DHW part of the annual energy is determined to be 30%. The heat losses from pipes in the ground are estimated to 20-25%. Out of these it was assumed a saving potential of 25%. There are also savings due to lower maintenance costs for the (Centrālais siltuma punkts - Central heating point in latvian) CSP. Another benefit of switching from four to two pipe systems is that the metering of energy is simplified and can be carried out for each building in the substation.

Installing of AIHS is the only most profitable among the others. It will control the supply temperature for the individual building as the function of the outside temperature and the building's real heat demand. The supply temperature from the heating plant can be higher if required for optimized pumping strategy, the electric control valves will operate independently and provide the right temperature for heating of the building. The electric control valve will, in most cases, cover the range of the differential pressure variations. The valve control will not be perfect at all times. In some locations the differential pressure variations are too high, and a separate differential pressure control valve will be required.

By introducing a heat exchanger for the space heating no energy savings can be expected from the customer's side. The benefit is that the district heating system and the building radiator system are hydraulically separated from each other. This means that there are no static or dynamic pressure limitations due to low rated or poor radiators, and the distribution system can be operated more efficiently. Also it provides the building system (and the district heating system) with increased safety in case of leakage. If a leak occurs in a hidden location of the building, the directly connected system will pump out almost unlimited amount of water  with resulting huge damages. On the other hand, small leakages in the radiator system, or in the substation will always be replenished and paid for by the heating company with real incentive for the building owner to prevent them. 

The energy saving potential for implementing individual active temperature controls has in other rehabilitation projects been proved to be between 10-15%. It was assumed 12% in  calculations.

The benefit from the separation of the building heating systems and the district heating distribution system are not included in the savings. Th immediate energy saving is expected to a smaller part and will rather make the expected saving of 12% even more conservative. The not priced benefits including the pressure separation and the improved situation water leakages will have an increased potential in the future when the responsibilities for each party is more defined than presently.

The radiator thermostatic control valves can be used when electric pumps have been installed. There are two reasons for installing Balancing valves and Thermostatic valves. The first is to balance the radiator system to overcome a situation where some risers (and apartments) are overheated while others do not receive enough heat. If the temperature to the radiators is kept at level where the "coldest" apartment has the desired room temperature, than the supply temperature must be kept high. For approximately every 3 degrees the supply temperature can be lowered by, there is a 5% saving of the annual energy for space heating. The second reason is to overcome the problems arising from the fact that one side of the building is exposed to the sun and thus temporarily overheated. Of course any unbalance between rooms and apartments will improve, i.e. apartments located "inside" the building and with only one or two outside walls will not require as much heat as a corner located apartment. The installation of the valves will also allow the tenants to individually control the room temperature. The saving potential is around 2-5% when applied as described. (This will be calculated from the energy usage included in the overheated side or location of apartments in the building).

The utilization of radiator thermostats has been limited to buildings not higher than five stories because of the size of available equipment. Recently the manufactures have developed new design that will allow the installation of thermostats in buildings up to 16 stories. When thermostatic valves are introduced, the heating system should be equipped with balancing valves for the risers. The valves can be of the kind that automatically adjust the differential pressure for the riser, or the traditional balancing valves that are adjusted to the maximum flow. 

The CSP (Central Heating Point in Latvian abbreviation) and the connected 4-pipe systems require a lot of maintenance. Rigas Siltums is aware of this and have made calculations for the present situation and when replaced by individual substations. Table number one shows the calculated savings when keeping the CSP and the 4-pipe system, and if new ISP's are installed and connected via 2-pipe system. 

For the elevator point in each building the heating company makes visits once a month with two persons. The normal maintenance requires for district heating substations is not more than one man twice a year. The savings is estimated to $200 for each unit.

As the CSP's will be abandoned, there will be significant savings in maintenance for Rigas Siltums. The new substations will be inspected once in two years or on call, when something has happened. The inspections can be carried out together with reading the heat meters. All substations will have an inspection and operation card, where everything that has happened will be recorded.

The new controls will operate automatically on the building's individual demand for heating and hot water. The operation staff will monitor the achieved room temperatures and the common return for optimum values. Fine tuning of the controls for each building is very important to achieve the expected savings. 

Tab.1 Savings in operation and maintenance with and without CSP


With CSP
With ISP

CSP maintenance
Ls 4000
Ls 900

Network maintenance
Ls 4600
Ls 1220

Total
Ls 8600
Ls 2120

The total annual savings for replacing the CSP's with ISP's is Ls 6480 for each CSP.

During years 1998-2001 RDHRP has been realized as follows (with attached heat energy consumption changes) in the tab.  2.

Tab.2 Dynamics of Heat Energy Consumption after CSP liquidation and AIHS installing.

Year of CSP liquidation
Number of liquidated CSP
Number of

installed

AIHS
Reduction of Heat Energy consumption

in comparison with former heating season




kWh
%

1.
2.
3.
4.
5.

1998
14
64
7634
16

1999
53
672
39940
13.2

2000
59
957
24858
8.2

2001
61
1309
12182
3.78

 Reduction of heat energy consumption performed in tab. 2 confirms the strategy of RDHRP, therefore in first steps the less effective CSP have been retrofitted. Analyses are based on District Heating System structure, connected to CSP. But for AIHS performance verification the Thermo dynamical Properties of buildings should be separately evaluated. Serial types of existing buildings have been placed in the tab. 3.   

Tab.3 Serial types of buildings

Serial type
Construction period
Floors
Construction material
Main 

location

1-316
1957-1964
4-5
Lime and sand bricks
Riga

1-318
from 1964
5
Lime and sand bricks
Riga

464
from 1959
5
Lightweight concrete with expanded lay aggregate
Riga

464A
from 1961
5
Lightweight concrete with expanded lay aggregate
Riga

467A
from 1967
5
Aerated concrete
Riga

647B
from 1976
9
Lightweight concrete with expanded lay aggregate
Riga

602
from 1967
9
Lightweight concrete with expanded lay aggregate
Riga

104
from 1969
5-6
Lightweight concrete with expanded lay aggregate
Liepaja

Ventspils

103
from 1969
5-6
Lightweight concrete with expanded lay aggregate
Valmiera

119
from 1980
6-9
Three layer panels
Riga

(Zolitude)

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 fig. 1 changes of water volume in AIHS as dynamic impact is performed.  
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Fig. 1 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 tab. 4.

Tab.4 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 tab. 5.

Tab.5 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

Resume:

1. stand above 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.
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Rīgas Centrālās Siltumapgādes Rekonstrukcijas Projektu izpilde no automātiskās regulēšanas aspekta.

Rakstā ir analizēti Rīgas Centrālās Siltumapgādes Rekonstrukcijas Projektu izpildes rezultāti automātiskās regulēšanas pielietojuma aspektā. Parādīta iespēja efektīvi pilnveidot automātiskās vadības sistēmas vistuvākajā nākotnē. Atspoguļota siltumtīklu hidraulisko režīmu saistība ar komforta apstākļu izmaiņām apsildāmajās telpās. 

Bože A., Dzelzītis E., Osis U. 

Performance of Riga District Heating Rehabilitation Project in aspects of automated control.
This paper analyses Riga District Heating Rehabilitation Project in aspects of  automated control usage possibilities. There is shown a possibility of improvement in automated control management systems in nearest future. The paper describes dependence between district heating hydraulic regime and changes of comfort conditions in  heated apartments. 
Bože A., Dzelzītis E., Osis U. 

Результаты Проекта по Реконструкции Рижского центрального отопления в аспектe применения автоматического регулирования.

В работе анализированы результаты Проекта по Реконструкции Рижского центрального отопления в аспектe применения автоматического регулирования.

Здесь показана возможность эффективно совершенствовать системы автоматического управления в самом ближайшем будущем. В работе также рассматривается связь между гидравлическим режимом в теплосетях и изменениями в комфортных условиях отапливаемых помещениях. Работа состоит из установки проблемы, теоритические и практические результаты.

