Building Energy Simulation
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Which one is an energy efficient design?

University of Texas at Austin Dell Medical
School Health Learning Building




Building modeling and energy simulation

Building Performance simulation:

A computer-based, mathematical model of some aspect of building
performance based on fundamental physical principles and
engineering models.

Building Modeling/ simulation

Modeling is the process of describing the
physical system (building).

Simulation is determining the time dependent
behaviour of the building system.

Source: IBPSA-USA PRESENTATION FOR ENGINEERS
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CII-Sohrabji Godrej Green Business Centre

i . Inaugurated by H.E Dr A P J Abdul Kalam
{

14 July 2004
.Si/b/ © Confederation of Indian Industry c,’
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HVAC sizing and lighting

DIALux Study Living room Block 16 B-2br

Source: www.collegescholarships.org
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Design and calculation of renewables




But there was a problem...

“In theory, theory and practice are the same,
In practice they aren’t.”

SANTA FE INSTITUTE

“I've seen many low-carbon designs, but hardly any
low-carbon buildings.”

ANDY SHEPPARD, Arup, 2009
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Source: Scientific American Earth 3.0
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Source: Regional Green Building Case Study Project, A post-occupancy study of LEED projects in lllinois, 1st yr. Project, Fall 2009
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Commissioning to check if the building is built as planned and if it is

performing as expected

Source: www.completecareshop.co.uk
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Calibrated simulation to make the simulated model comparable to

the actual building Notional building
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Source: Evaluating energy performance in non-domestic buildings: A review by Borgstein et.al
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Fault Detection and Diagnosis

Energy Fault Diagnosis Problem

EF: Inverter overloaded Y

Detection Rule
6h M.A. of Inverter output = 100 = EF

... but I don’t know the cause

\Find out root cause of inverter overload/

http://gbenvironmental.com/
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Calibrated simulation to evaluate the retrofit options

Source: www.steelbuildinginsulation.com
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Model predictive controls
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Early design tools for Architects to aid early design

PSYCHROMETRIC CHART LOCATION: Hyderabad, Andhra Pradesh, IND
California Energy Code Latitude/Longitude: 17.45° North, 78.47° East, Time Zone from Greenwich 5
Data Source: ISHRAE 431280 WMO Station Number, Elevation 1788 it
LEGEND RELATIVE HUMIDITY  100% 80% 60%
DESIGN STRATEGIES: JANUARY through DECEMBER
COMFORT INDOORS 7.4% 1 Comfort(650 hrs) / / 5
100% [l COMFORTABLE 32.0% 2 Sun Shading of Windows(2802 hrs) anih 2
0% [l NOT COMFORTABLE 8.1% 3 High Thermal Mass(709 hrs)

11.7% 4 High Thermal Mass Night Flushed{1028 hrs)

12.4% 5 Direct Evaporative Cooling{1087 hrs) WET-BULB

16.5% 6 Two-Stage Evaporative Cooling{1443 hrs) TEMPERATURE

28.2% 7 Natural Ventilation Cooling(2474 hrs) DEG.F a0
28.2% 8 Fan-Forced Ventilation Cooling(2467 hrs)
7.8% 9 Internal Heat Gain{684 hrs)
0.1% 10 Passive Solar Direct Gain Low Mass{7 hrs)
3.9% 11 Passive Solar Direct Gain High Mass{341 hrs)
0.0% 12 Wind Protection of Outdoor Spaces{D hrs)

0.0% 13 Humidification OnhA1 hrs)
PLOT: | COMFORT INDOORS '] 12.3% 14 Dehumidification Onky(1081 hrs) =]
=
— 40.0% 15 Cooling, add Dehumidfication if needed(3506 hrs) §
(@) Hourly Daily Min/Max 0.1% 16 Heating, add Humidification if needed(6 hrs) =
8
All Hours Select Hours 100.0% Comfortable Hours using Selected Strategies §
(8760 out of 8760 hrs) I
a0
A0
30
TEMPERATURE RANGE: 20
10 to 110 °F Fit to Data
Display Design Strategies
Sh Best set of Desian Strategi 10 20 30 40 50 a0 100 110
ow Best sel of Design slrategies DRY-BULB TEMPERATURE, DEG. F




——
f&‘— Bl

Schematic

t
Concep Design

Operation Retrofit Operation

\\
\\
~~~————"

Computational Fluid Dynamics

Contours of Static Temperature (k) (Time=1.4400e+04) May 15, 2014
ANSYS Fluent 15.0 (3d, pbns, rngke, transient)
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Questions?

vishal@iiit.ac.in




