
3

Building simulation, background knowledge

Application positioning

-> BAU strategy

AirOptiControl: Belimo Fan Optimizer, Bauer optimization

-> Differences, coverage, experiences

Economizer TX2: Storck (VCS) -> Germany only
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Applications manual heating and refrigeration supply -> Overview of functions, for example, TABS, PredCtl

Applications manual ventilation and air conditioning -> Overview of functions, for example, AirOptiControl (manual

presently being completed)

Applications manual ventilation and air conditioning

p.8: last section (hope this statement can be proven)

p.9: Building automation influence on energy efficiency in four fields: plant control with efficient algorithms / monitoring /

support user behaviour with appropriate HMIs / maintain room quality with least energy consumption

p.10: Term: energy efficiency

p.11: Standards, directives

P13: Principles of energy-efficient operation

p.14: Requirments for energy-efficient control

p.15: plant structure

p.20: Demand control

p.28: conventions
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Benchmarking: Be careful about what is being compared

AirOptiControl

Air volume optimization -> Room shut down, energy efficiency control mode (high/low supply air temperatures, humidity, AQ)

Pressure optimization/coordination -> Damper position

Temperature optimization/coordination

(humidity optimization/coordination

Air quality optimization/coordination

Bauer optimization

Product at BAU since approximately, mid-2012, no longer at CPS

Reduction to air volume

•High, or low supply air temperatures

•Ventilation efficiency (undirected flow) caused by room overpressure/pressure variants

Lower room temperature setpoints

•Smaller room air velocity

-> Air only plants, room pressure sensors, AQ sensors, VSD fan, adapted air outlets

-> Controversially discussed

Belimo Fan Optimizer

Pressure optimization

•VAV damper positions

Convetional control (CAS application)
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•VAV damper positions
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Storck

Volume flow control not suitable for comfort plants with personal occupancy

Strategy sub-volume of tx2

Precision of measurement after mixing air damper is questionable

Convetional control (CAS application)
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AP1: Basics

AP1.1 Preparing a simulation tool (including lab trials to validate the model)
AP1.2 Evaluate existing simulation tools
AP1.3 Interaction of TABS with ventilation plants and supplemental systems
(deleted)
AP1.4 Examinations on cycle mode

No planned at the start of the project, but quickly concluded:

AP1.x Studies on proceeding in AP2
Various solution approaches developed. Ultimately decided in favor of the
solution concept, “Unknown-but-bounded approach”.
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Bild 2

dh1 How to remove or insert table rows?
- right mouse click
- Delete Rows
- Insert Rows (befor the selected row)

Use Toolbox > Template Setup to update a template and the revision history for the template.
Donat Hutter; 2008-02-29
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Background information: Parameter optimization with Frauenhofer, simulation infrastructure
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OEM-VAV controller: 0..10V signals for volume flow setpoint and damper position as a supplement to the PL link devices

(0.100%)
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After a rather difficult start – a thesis did not make a significant impact – an actual project was set up at the start of 2009 that was transferred
shortly thereafter to a partial project as part of V4.1; this permitted access to important resources.

Resources

Schedule (actual)

What started out as a narrow project concept with a short implementation period, eventually turned into a veritable project. As time passed,
requirements were established for comprehensive benchmarking in the A/C lab, a field test, and a study together with Frauenhofer

What did we get for the considerable investment?

DESIGO library solutions (4 new plant compounds)

Visualization using DESIGO INSIGHT

Technical document

•Reference manual

•Expert guide

Sales documentation

Demonstration application

-----------------------------------

Technical doc -> Ref-HB elements explained for AHU80, then the coordination for RDmdCtl2 and switch to RDmdCtl1 and explanation of EEffCtl
and EEffOpt

Technical doc -> Display content of Expert Guide, Application table pg.123, Efficiency control pg.188

Sales documenation -> Display content, especially the numbers

Demostration application -> Start demo (explain elements, conventional, explain AirOptiCtl, simulation)

Conclude with Genie
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Nothing more, nothing less:
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In the expert guide, show: Visio AHU80/RSltn and AHU/SplyAir01/VAV01
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Modular, partial optimization is possible. Start, for example, with fan optimization

Modular units:

Pressure optimization (pressure coordination) -> Lower fan energy consumption

Temperature optimization -> centralized optimization of the temperature level helps reduce air volume flow demand at air

quality optimization

Energy-efficiency control -> Switching off rooms or plants, as applicable, reduces air volume flow demand

Additional optimization: Radiator coordination, night cooling



Nov-2009

12

Considered from another viewpoint:

Volume flow demand

a) Keep as low as possible

b) Cover demand with as little loss as possible

Lower volume flow also includes less thermal conditioning and less transportation energy.
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Example for improving ventilation efficiency: System selection is presumably decisive, source ventilation must, however, be

correctly operated from a control-technical viewpoint to take advantage of system advantages.

Sensor placement

…
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Please attention to the details.
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Technical documentation -> Explain ref-HB elements for AHU80 (A / APlt / Ahu), then explain coordination for RDmdCtl2

(A / AFnct / DmdAFnct) and switch to RDmdCtl1 and explain EEffCtl and EEffOpt

Technical doc -> Display content of Expert Guide, Application table pg.123, Efficiency control pg.188

Sales documentation -> Display content, especially the numbers

Demonstration application -> Start demo (explain elements, conventional, explain AirOptiCtl, simulation)
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Link to reference manual LED15, s1277 (R / RFnct / GrpRFnct)
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For help texts, see:

\\ch1w43110.ww020.siemens.net\Desigo_Distr\V4.10.090_M300\044_TechDoc_ExpLevel_DVD\ContentLists\de\2004_insi

ght.htm

Explain energy efficiency optimization
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Link in document: Reference manual, expert guide, application datasheet
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Online comparison (Demo 3):

Preparation:

1) Start Matlab: Start -> Programs -> Matlab -> R2006a -> Matlab R2006a

2) Open demo: Under “Current directory” on the Matlab menu bar, create the work folder: C:\Data\Demo

3) Start demo: In the “Current directory” pane, right-click file DEMO_AirOptiControl.m and click Run
Alternative method: In the “Command window” pane, enter “DEMO_AirOptiControl” at the prompt and confirm with Enter

Operating elements:

1 Configuration: Select benchmark or AirOptiControl. Both control strategies can be displayed individually or simultaneously.
Caution: Both strategies can only be displayed in the “AirOptiControl” mode by selecting checkbox “Compare with Benchmark”. This checkbox can be selected or cleared during
or at the end of simulation

2 Start, Pause, Stop: You can pause and continue simulation be re-clicking pause

3 Checkbox “Compare with Benchmark”: This check can be selected during or at the end of a simulation and compares results of both strategies in the “AirOptiControl” mode

4 Room data selection: The variables displayed, depends on selection. You can displayed just one room online by clearing the remaining rooms

5 Plant data selection: Same as 4

6 You can use plot to display a comparison curve at the end of simulation by selecting “Compare benchmark”, if the simulation occurred using the “AirOptiControl” mode

Graphs:

1 Last, internal (people, light, devices) and external (outside air temperature)

2 Room temperature (heating setpoint = 21°C, cooling = 26°C)

3 Room air quality (setpoints occupied/comfort = 1000ppm)

4 VAV damper position (non-linear, i.e. 20% damper position equates to 50% volume flow)

5 Control of supply air fan, heating coils, cooling coils

Tip:

If little time is available, run the demonstration in the “AirOptiControl” mode and explain why the energy bars increase at various speeds. You can show/hide the benchmark
comparison at any time in this mode
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A break is planned at item 7:

Break 1 (shortly after 8:00): Plant start until room occupancy

Start procedure: Dampers open, fan on, room control activated

Conventional: Plant operates independent of room demand, dampers deploy to minimum position, since there little/no demand in the room for ventilation and air conditioning due to
partial load in spring.

AirOptiControl: Plant operates for a brief moment, until the air quality setpoint is reached in the green room. The plant remained switched off on its own in the occupied red room. It
only restarts after the air quality setpoint is exceeded in the red room.

Break 2 (10:00): Effect of volume flow coordination

Conventional: Air quality in all rooms is ok. The room is nevertheless ventilated and the supply air must be heated due to the cool morning outside air temperature.

AirOptiControl: Volume flow coordination: The supply air fan is controlled in the function of the VAV damper positions so that at least one VAV damper is open -> Impact on fan
control: Less output required since less pressure is destroyed. Nice to see how first the red, then the blue, and finally the green room assumes fan control. A slight “boost” is enough to
ensure air quality in the rooms. Slightly before 10:00, all the room require fresh air at the same time. The green room remains the lead variable for fan control.

Break 3 (11:00): Individual rooms without temperature and air quality demand switch off

Conventional: No shut down.

AirOptiControl: Red room switches off shortly before 9:00 and 10:30 although occupied. The blue room switches off at 9:30 and 10:30 despite occupancy.

Break 4 (12:30): The entire plant switches off, since the room has no demand

Conventional: No switch off.

AirOptiControl: 12:30 to 13:00 the entire plant switches off, since no room has demand

Break 5 (5:00 pm): People from the green room go to the blue office

Conventional: No switch off.

AirOptiControl: At 3:00 pm, the AQ deteriorates in the blue room which now assumes control. The two other rooms switch off.

Break 6 (not implemented in this demonstration -> explain only):

Conventional: Supply air temperature is controlled dependent on room demand.

AirOptiControl: Temperature coordination: The supply air temperature is controlled in the function room temperature so that for temperature demand, the supply air temperature is first
increased before being forced to increase the volume flow in the to room to maintain temperature. This keeps volume flow demand in the room to a minimum.

Break 7 (no implemented in this demonstration -> Explanation only):

Conventional: Outside air ratio depends on room demand.

AirOptiControl: Air quality coordination: The outside air ratio is controlled in the function for room air quality and outside air temperature conditions to increase the outside air ratio for
air quality demand. This keeps volume flow demand in the room at a minimum.
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Schiffahrtsmuseum Husum, Schleswig Holstein.

Museumhalle mit konserviertem Lastensegler.

Die Energieeinsparung steht im Verhältnis zum erwarteten berechneten
Energieverbrauch.

Enge Toleranzen und hoher Komfort gefordert.

Guter und sehr energie-effizienter Anlagenbetrieb.

Economiser tx2 in Verbindung mit CO2-Regelung.

Die Anlage regelt das Klima zur Konservierung eines alten Schiffes
(Lastensegler). Das Schiff wurde in eine Zuckerlösung getaucht und muss
nun getrocknet werden.
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Hintergrundinformationen: Parameteroptimierung mit Fraunhofer, Simulationsinfrastruktur
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New or existing plant is monitored. The only connection between the monitored
plant plan and the monitors are BACnet references.
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Bild 2

dh1 How to remove or insert table rows?
- right mouse click
- Delete Rows
- Insert Rows (befor the selected row)

Use Toolbox > Template Setup to update a template and the revision history for the template.
Donat Hutter; 2008-02-29
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The break out of t-x-2
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03/08/99

2Benedikt Schumacher, CG-HA

Economiser tx2, Roadshow 1999

1. Comfort field: The Economizer tx2 operates the air conditioning so that the room temperature
and room humidity is always within the comfort field.

2. Setpoint processing: Using the comfort field, the setpoint processing module in the Tx2
calculates the optimum setpoints for control.

3. Control: This module controls energy use on the plant.
4. Energy recovery strategy: This module evaluates energy use on the plant to calculate the

optimum use of energy recovery. The module considers the real energy cost situation using
weighting factors.

Summary:
The Economizer tx2 optimizes plant operation by
(1) Taking advantage of the comfort field as much as possible – but not at the expense of
comfort
(2) The outside air is precondition using energy recovery to minimize energy costs.

Traditional control is unable to operating the plant in such an uncompromising manner.
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Cascade control

Separate cascade controller for temperature and absolute humidity

Calculate demand signals YT and YH
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Illustration of tx2 ERC strategy
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Starting point:

Warm, dry weather, room-side increase in temperature and humidity; on the plant side cooling and humidity demand

Case A:

Cooling with expensive refrigeration machine, humidification using inexpensively generated vapor

Case B:

Cooling using lake water, humidify using vapor

Weighting:

The table outlines consideration of energy costs
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Case A:

The expensive cooling process is relieved to optimize overall costs by operating the air conditioning unit at maximum outside

air

Case B:

The cheap cooling process is used in support of optimizing overall costs by operating at maximum energy recovery
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Present Visio
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Basis for comparison:

The comparison is based on the results of the simulation

Simulation

Real weather from a weather station (here: Zurich)

Operating hours: Daily from 7 am to 7 pm
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Suchen Sie eine Regelprogramm für eine Klimaanlage mit den
Prozessen Heizen, Kühlen, Dampf- oder adiabatischer
Befeuchtung (z.B. Wäscher), sowie Entfeuchten und beliebigem
Energierückgewinnungssystem?

Und muss die Anlage die Raumtemperatur und Raumfeuchte
innerhalb eines Behaglichkeitsfeldes im h,x-Diagramm dynamisch
regeln, um optimale Arbeits- bzw. Prozessbedingungen zu
gewährleisten?

Und ist Ihnen die Optimierung des Energieeinsatzes oder der
Energiekosten von Bedeutung?

Erfinden Sie keine neue Lösung, brauchen
Sie den Economiser tx2 !
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Demonstration application operates only with Matlab license
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Link in document: Reference manual, expert guide, application datasheet
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Ziegler Druck in Winterthur Schweiz.

Klimatisierte Halle für Grossdruckmaschinen Rotations-Rollenoffset,
in Betrieb seit Sept. 1997.

Kommentar des technischen Verantwortlichen:
Einfach Anlagenbedienung und gutes Anlagenverhalten - die Anlage
arbeitet ohne manuelle Eingriffe, wie das bei den anderen
konventionell betriebenen Anlagen im gleichen Gebäude häufig der
Fall ist.

Einbindung der adiabatischen Kühlung.
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Schiffahrtsmuseum Husum, Schleswig Holstein.

Museumhalle mit konserviertem Lastensegler.

Die Energieeinsparung steht im Verhältnis zum erwarteten
berechneten Energieverbrauch.

Enge Toleranzen und hoher Komfort gefordert.

Guter und sehr energie-effizienter Anlagenbetrieb.

Economiser tx2 in Verbindung mit CO2-Regelung.

Die Anlage regelt das Klima zur Konservierung eines alten Schiffes
(Lastensegler). Das Schiff wurde in eine Zuckerlösung getaucht und
muss nun getrocknet werden.
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2) At that moment where the ERC takes on 100% outside air, the sequence switches from humidify to dehumidify.

While the supply air-humidity demand declines in the sequence, the room temperature moves to the right. This moves the

supply air setpoint humidify toward minimum supply air humidity and moves the ERC position in the direction of room air

due to the declining supply air humidity demand.

Balance is achieve as soon as the supply air temperature demand corresponds to the (virtual) humidity demand

Time series images: Starting point at max room air mixing, transition, balance.
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Development environment

The simulation package MATLAB/Simulink was used to develop the Economizer tx2 algorithm
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ZIG = Zentrum für Integrale Gebäudetechnik
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Similar situation for the other topology:
Winter situation, both zones are heated. No cooling. Why? – Because the zone
returns are not mixed.
Of course, here we have less energy consumption!
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AP1: Basics

AP1.1 Preparing a simulation tool (including lab trials to validate the model)
AP1.2 Evaluate existing simulation tools
AP1.3 Interaction of TABS with ventilation plants and supplemental systems
(deleted)
AP1.4 Examinations on cycle mode

No planned at the start of the project, but quickly concluded:

AP1.x Studies on proceeding in AP2
Various solution approaches developed. Ultimately decided in favor of the
solution concept, “Unknown-but-bounded approach”.
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In the paper, we focus on two different hydraulic piping topologies. All the
examples are given with two zones (usually no more than 3 zones are defined in
buildings).

Common zone return pipe topology: is simple and inexpensive
Separate zone return pipes topology: is a bit more complex and expensive

Both topologies allow each zone to decide about heating or cooling needs.
Only separate zone return topology allows a simultaneous idle operation mode in
all zones.
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In the paper, we focus on two different hydraulic piping topologies. All the
examples are given with two zones (usually no more than 3 zones are defined in
buildings).
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Summary
• The impact of hydraulic switching can have tremendous impact on energy
demand for some plants.
• Which hydraulic switching is suitable, depends on the building and heat gains

•A more detailed analysis is required to determine for a concrete case whether
separate zone returns would be more appropriate:
ƒ Based on the information in the manual

ƒ Or in critical cases: Through the use of simulations



04.04.2017Text

Building Technologies  / Department 64



04.04.2017Text

Building Technologies  / Department 65

In the paper, we focus on two different hydraulic piping topologies. All the
examples are given with two zones (usually no more than 3 zones are defined in
buildings).

Common zone return pipe topology: is simple and inexpensive
Separate zone return pipes topology: is a bit more complex and expensive

Both topologies allow each zone to decide about heating or cooling needs.
Only separate zone return topology allows a simultaneous idle operation mode in
all zones.
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