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Student Modeling Competition
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Briefing Document

1. Background

As part of the Building Simulation Conference (http://www.buildingsimulation2017.org/ ), IBPSA
is organizing a student modeling competition. The aim is to facilitate wider participation in the
conference and to provide a competitive forum for student members of the building simulation
community. It is expected that several tutors of relevant courses in universities around the world
will use this as part of their teaching material.

This document contains all the information relating to the competition. Entries will be judged
prior to the conference with an award being made at the conference in San Francisco in August
2017.

2. Tasks

For this year's competition, the exercise involves using computer simulation to design and test a
laboratory building with mixed uses including lab, office and classroom spaces located in
downtown San Francisco, CA, USA. The primary goal of this competition is to design the most
efficient HVAC and glazing systems possible given the constraints listed in this document and
the attached Appendices.

e You are provided with the site conditions, building drawings and occupancy schedules
(refer to Appendices);

e You are given the location and corresponding weather file provided on the Building
Simulation Conference website;

e You are expected to design a laboratory building that will include fume hoods. Because
the high volumes of air exhausted from fume hoods require a correspondingly large
volume of air supplied to the lab space, there are also specific air changes per hour
(ACH) requirements. Additionally, contaminants must be controlled at the source;

e The building for analysis is a 5-story precast concrete structure. You are free to choose
the design for all aspects of the building envelope, provided that they meet the listed
constraints (see section 3);

e You are encouraged to consider multiple HVAC systems in designing for appropriate
indoor conditions for the respective spaces: laboratory space, office and classroom
spaces;

e Any type of shading device or strategy may be considered and implemented;

e You may rely on low energy heating and cooling technologies to provide thermal comfort
as per the ASHRAE Standard 55-2010.

Entrants will be expected to demonstrate an innovative control strategy of the HVAC system in
such a way as to minimize energy consumption whilst maintaining comfortable conditions.
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Entrants are free to propose their own heating, cooling and mechanical ventilation systems, but
must provide details of these in their report.

All entrants must use a validated code.

3. Provided Inputs and Constraints

These constraints must be followed precisely. Any deviation from any requirements (including,
but not limited to, adjusting receptacle and other plug loads), unless explicitly mentioned below,
will result in disqualification. The intention is to remove uncertainty with many project
parameters so that the competitors can concentrate on a specific system on an equal playing
field.

Weather

A current day TMY3 weather file from the San Francisco Airport will be provided, along with a
set of future weather files to be used for sensitivity to climate change. The weather files are
given solely for the purpose of this competition and may not be transferred to other parties or be
used for additional work, personal or otherwise. These files will be in the EPW format, which is
an open comma separated values file and may be translated to other formats as needed.

Comfort Conditions
All spaces are to be maintained between 21°C (70°F) and 26°C (79°F) when occupied and
between 16°C (60°F) and 30°C (85°F) when unoccupied. There are no humidity requirements.

Geometry

Floor plans of the building showing room layout and dimensions as well as building sections are
provided in Appendix A. These plans must be followed exactly and rooms may not be
rearranged. Glazing is not specified and may be designed as desired, though it must have a
window to wall ratio of at least 30% overall, and no fagade may have a window to wall ratio less
than 15%. Window to wall ratio is defined as gross windows area divided by gross wall area
(that is the area of the wall as if no glazing existed).

Constructions
Constructions for all facade parameters are also provided and found in Appendix B. These are
provided in order to ensure that cost-effective, market-available products are used.

Ventilation
Ventilation rates are provided, however these may be ignored as a demand controlled
ventilation system can ensure that the CO- will never rise above 1000ppm.

Additional Inputs
The following additional constraints are provided in Appendix C.
Internal gains and schedules (Occupants, Receptacles, lights)

Prescriptive ventilation rates

Exhaust rates

Illuminance levels- these can be used to reduce the prescriptive lighting energy by doing
a lighting design calculation and daylight dependent control.
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Renewable Energy

Renewable energy generating systems of any kind may not be included in energy savings
calculations. The intention of this competition is to reduce the load of the building as much as
possible, and so net zero energy performance is not expected.

4. Non-Restricted Inputs
Inputs that the design teams may decide to vary include:

Shading

Window geometry and arrangement

Daylighting controls

Complete HVAC system (air-side, water-side, etc)

5. Deliverable Report
One report containing the following sections:

a.

J.

k.

~®ao0oT

Title page, including author(s) name(s), affiliation(s), and contact details
Executive Summary (1 page or less)
Contents
Nomenclature
Introduction
Building design
i.  Explanation of options considered and decision process(es)
Modeling methods employed
i.  Explanation of modeling techniques used to ensure that air flow requirements
were met
i.  Explanation of modeling techniques used to evaluate Energy Cost Measures and
HVAC system selection
Modeling assumptions
Results
i.  Ensure all graphs provided are legible and concise to support overall results.
Additional graphics can be included in Appendices.
Conclusions
References (if required)
Appendices (if required)

Note: The deliverable should not exceed 20 pages excluding the annex section

6. Evaluation and judging Criteria

The key factors influencing the judges’ decision will be accurate and intelligent use of
building simulation. It will not account for any site specific interventions outside of the
building footprint.

You will be judged on the design feasibility, energy performance and robustness of
proposal to include all parameters and input, while providing a salient solution that is
achievable.
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o Decisions on building envelope for a space within a dense urban environment, and
architectural considerations for lab views and privacy will be considered.
e Your design should include innovative solutions to air flow requirements of all spaces.

Competition submissions can be either individual or group submissions. Following judging by an
expert panel, two finalists will be identified.

Please note that the decision of the judges is final, and there will be no further discussion or
negotiations.

7. Important Note

The two finalists will be notified by May 5, 2017 and will receive free registration to
BS2017 plus up to $2000 in reimbursed travel expenses. The two finalists will be
expected to attend the Building Simulation 2017 conference and to prepare a short
presentation and produce a poster for display at BS2017. Poster requirements and
travel/registration information for the finalists will be provided at that time. Based on the
conference presentation and poster, an overall winner will be selected and announced at
the conference.
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8. Key Dates

February 06, 2016: Entrants to notify Christina Hopfe (C.J.Hopfe, IBPSA
England) of their intent to submit an entry using the
“Statement of Intent” page under the Student Pages
section on the BS2017 website.

March 31, 2017: Deadline for completed entries. These should be sent via
email in word AND pdf to Christina Hopfe (C.J.Hopfe,
IBPSA England).

May 05, 2017: Winners informed

August 7-9, 2017: BS2017 Conference in San Francisco, USA

9. Queries:
If you require any further information, please contact one of the following people. Please use
email and try to make your question as concise as possible.

Zahraa Saiyed (IBPSA US)
zsaiyed@scyma.com

Ben Brannon (IBPSA US)
Ben.Brannon@arup.com

Anna Brannon (IBPSA US)
abrannon@inteqgralgroup.com

Christina Hopfe (IBPSA England)
C.J.Hopfe@lboro.ac.uk

Gerhard Zweifel (IBPSA Switzerland)
Gerhard.Zweifel@hslu.ch

All questions and responses will be posted to the competition section on the Building Simulation
2017 website: http://www.buildingsimulation2017.org/. Please be sure to look here prior to
emailing the above coordinators to ensure that your query has not already been answered.

10. Submitting to other conferences
Groups and individuals intending to submit report and results to a different conference must
acknowledge the IBPSA BS17 modeling competition in this paper.
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Appendices
Appendix A - Site Plan, Plans, Sections

Site Plan

16764 mm height

SITE PLAN

Building Footprint Area =
312,619 m2
All dimensions in mm

Avg (20 mm @ treas

7315 mm height
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Floorplans
Note: All dimensions in mm. Refer to construction assembly details in Appendix B.
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Sections
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Appendix B - Assembly
Construction

Construction Type

Construction Detail (outside to inside)

Exterior Wall 102 mm outer wythe concrete
76 mm XPS insulation
178 mm inner wythe concrete
Internal Wall 140mm concrete
Floor Slab 304 mm concrete slab

100 mm rigid insulation
100 mm crushed stone

Intermediate floor

75mm Screed
25mm Rockwool
203mm concrete

Roof

100mm aggregate
160mm styrofoam
203mm concrete

Exterior Glazing

6mm clear float
16mm argon Cavity
6.4mm clear float

Interior Glazing

10mm toughened glass
50mm air cavity
6mm laminated

©2017 IBPSA. All rights reserved.
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Appendix C - Gains
Internal Gains
Domestic
Plug Hot
Lighting Loads Water Occupancy Ventilation Exhaust Schedule
W/m | Min m2/ W W 1/(s
Space Type 2 lux | W/m? | 1I/(hp) | person | Sensible | Latent | I/(sp) | m?) Varies
Open Office| 12 75 16 0.68 75 75 25 0.3 0 Office
Restroom
(Mand W) | 10.5 | 50 2 o ¥ 75 75 0 0 251/s ea. Office
Corridor 7 [ 50| 2 o |8 75 | 75 | o [ 03 0 Office
Open Area 10 50 5.5 0.34 g 75 75 25 0.3 0 Assembly
o 8 ACH (1.2 ACH
5 whenoccupancy
o fraction is equal to
Laboratory 20 | 500 21 0.68 % 75 60 or less than 0.1 | Laboratory
Conference | 13 30 11 034 (@ 72 45 25 0.3 0 Assembly
Equipment | 4.5 | 200 33 0 75 75 0 0 Warehouse
1001/s ea.(may
be included in the
Hoods 8 ACH above)
©2017 IBPSA. All rights reserved. 16 of 18
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Schedules

Office Hour of Day

Description DailySch| 1 | 2 | 3 |4 | s |6 |7 |8 |9 |10|1a|12|23|14|15|26| 27| 18| 19| 20| 21| 22|23|24

Occupancy Fraction WD|0.00|0.00|0.00|0.00|0.00|0.00|0.10|0.20|0.95|0.95 [0.95 | 0.95|0.50|0.95|0.95|0.95 [0.95| 0.30|0.10|0.10| 0.10 | 0.10 | 0.05 | 0.05
5at|0.00|0.00|0.00|0.00|0.00{0.00|0.10|0.10|0.30|0.30(0.30|0.30|0.10|0.10|0.10 | 0.10|0.10|0.05| 0.05| 0.00 | 0.00 | 0.00| 0.00| 0.00
Sun|0.00{0.00|0.00|0.00|0.00|0.00|0.05|0.05|0.05|0.05|0.05 |0.05 |0.05|0.05|0.05|0.05 | 0.05 |0.05 | 0.00|0.00|0.00 | 0.00 | 0.00|0.00

Lights Fraction WD|0.05|0.05|0.05|0.05 |0.05|0.10|0.10|0.30|0.65| 0.65 |0.65 | 0.65 | 0.65 | 0.65 | 0.65| 0.65 [0.65 | 0.35|0.30|0.30| 0.20 |0.20 | 0.10| 0.05
sat|0.05|0.05|0.05|0.05 |0.05(0.05|0.10|0.10|0.30|0.30 |0.30|0.30|0.15|0.15|0.15| 0.15 [0.15 | 0.05| 0.05 | 0.05| 0.05 | 0.05 | 0.05 | 0.05
Sun|0.05[0.05|0.05|0.05|0.05 |0.05 [0.05|0.05|0.05|0.05 | 0.05 |0.05 |0.05|0.05|0.05| 0.05 |0.05 | 0.05|0.05|0.05| 0.05 | 0.05 | 0.05 | 0.05

Receptacle Fraction WD|0.05|0.05|0.05|0.05 |0.05|0.10|0.10|0.30|0.90| 0.90 [0.90 | 0.90|0.90| 0.80| 0.90| 0.90 [0.90| 0.50| 0.20| 0.30| 0.20 | 0.20 | 0.10| 0.05
Sat|0.05|0.05|0.05|0.05|0.05(0.05|0.10|0.10|0.30|0.30|0.30|0.30|0.15|0.15| 0.15| 0.15 [0.15 | 0.05| 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05
Sun|0.05(0.05|0.05|0.05|0.05|0.05 | 0.05|0.05|0.05|0.05 | 0.05 | 0.05 | 0.05|0.05| 0.05| 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05

Assembly Hour of Day

Description DailySch| 1 | 2 | 3 | a4 | s |6 |7 |8 |9 |10|1a|12|23|14|15|26| 27|18 | 19| 20| 21| 22| 23|24

Occupancy Fraction WD|0.00|0.00|0.00|0.00|0.00(0.00|0.00|0.00|0.20|0.20|0.20|0.80|0.80| 0.80| 0.80 | 0.80(0.80|0.80| 0.20| 0.20 | 0.20 | 0.20(0.10| 0.00
5at|0.00|0.00|0.00|0.00|0.00(0.00|0.00|0.00|0.20|0.20(0.20|0.60|0.60|0.60 | 0.60 | 0.60(0.60|0.60|0.60| 0.60 |0.60 0.80|0.10|0.00
Sun|0.00{0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.10|0.10|0.10 |0.10|0.10|0.70|0.70| 0.70|0.70 | 0.70(0.70|0.70|0.70| 0.70 | 0.20 | 0.00

Lights Fraction WD|0.05|0.05|0.05|0.05 |0.05|0.05|0.35|0.35|0.35| 0.65 |0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.65 [ 0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.25 | 0.05
5at|0.05|0.05|0.05|0.05 |0.05|0.05|0.05|0.30|0.30| 0.40 |0.40 | 0.40|0.40|0.40| 0.40| 0.40 | 0.40|0.40|0.40| 0.40 | 0.40 | 0.40 | 0.40| 0.05
Sun|0.05[0.05|0.05|0.05|0.05|0.05 |0.05|0.30|0.30|0.20| 0.30 | 0.30|0.55 | 0.55| 0.55| 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.05 | 0.05

Receptacle Fraction WD|0.05|0.05|0.05|0.05 |0.05|0.05|0.40|0.40|0.40|0.75 [0.75 | 0.75|0.75|0.75| 0.75| 0.75 [0.75 | 0.75|0.75 | 0.75| 0.75 | 0.75 | 0.25 | 0.05
sat|0.05|0.05|0.05|0.05 |0.05|0.05|0.05|0.30|0.30|0.50 |0.50|0.50|0.50|0.50| 0.50| 0.50 [0.50|0.50|0.50 | 0.50| 0.50 | 0.50 0.50| 0.05
Sun|0.05[0.05|0.05|0.05|0.05|0.05 |0.05|0.30|0.30|0.30|0.30 | 0.30 | 0.65 | 0.65 | 0.65 | 0.65 |0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.65 | 0.05 | 0.05
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Laboratory Hour of Day

Description Daily Sch| 1 2 3 4 5 5] 7 8 9 10| 11|12 |13 | 14 | 15| 16 | 17 | 18 | 19 | 20 (| 21 | 22 ( 23 | 24

Occupancy Fraction WD|0.05(0.05(0.05|0.05|0.05|0.05|0.05|0.10|0.20 |0.90]0.90/ 0.45|0.45 | 0.90'0.90/0.90(0.90(0.90|0.20(0.10|0.10|0.10|0.05| 0.05
Sat|0.05|0.05|0.05|0.05|0.05|0.05(0.05(0.10(0.10(0.30{0.30|0.30|0.30|0.10|0.10|0.10|0.10|0.10|0.05|0.05 |0.05 | 0.05 (0.05 [ 0.05
5un|0.05|0.05(0.05(0.05|0.05(0.05|0.05|0.10|0.10|0.20|0.30|0.30|0.20|0.10|0.10|0.10(0.10|0.10(0.05 [ 0.05|0.05 | 0.05 | 0.05 | 0.05

Lights Fraction WD |(0.20(0.20(0.20{0.200.20{0.20]0.20|0.500.90]0.90|0.90|0.90| 0.80| 0.90'(0.900.90(0.90(0.590(0.20(0.50|0.30|0.30|0.20]0.20
Sat|0.10|0.10|0.10|0.10|0.10|0.10(0.10/(0.10(0.40(0.40|0.40|0.40|0.20|0.20|0.20|0.20|0.20|0.10|0.10|0.10 (0.10|0.10(0.10|0.10
5un|0.100.10(0.10(0.10|0.10(0.10|0.10|0.10|0.40|0.40|0.40|0.40|0.20|0.20|0.20|0.20(0.20(0.10(0.10(0.10|0.10|0.10|0.10|0.10

Receptacle Fraction WD|0.20|0.20|0.20(0.20|0.20(0.20|0.20|0.40 | 0.50|0.70 | 0.80| 0.50 | 0.60 | 0.70|0.90(0.80| 0.50 | 0.40| 0.30|0.20(0.20|0.20{0.20| 0.20
Sat|0.00|0.00|0.00|0.00|0.00(0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00{0.00|0.00
Sun|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00(0.00|0.00{0.00|0.00

Warehouse Hour of Day

Description Daily Sch| 1 2 3 4 5 i1 7 8 9 10| 11|12 | 13 | 14 | 15| 16 | 17 | 18 | 19 | 20 | 21 | 22 ( 23 | 24

Occupancy Fraction WD |0.00(0.00(0.00{0.00|0.00{0.00|0.00|0.15|0.70 0.9010.9010.90| 0.50 | 0.85 (0.85|0.85( 0.20 ( 0.00( 0.00( 0.00|0.00|0.00|0.00 | 0.00
Sat|0.00|0.00|0.00|0.00 |0.00(0.00(0.00(0.00(0.20(0.20(0.20|0.20|0.10/0.10|0.10/0.10|0.00|0.00|0.00|0.00 (0.00 | 0.00 (0.00 | 0.00
Sun|0.00(0.00(0.00(0.00|0.00(0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00 |0.00(0.00(0.00(0.00(0.00(0.00|0.00|0.00|0.00|0.00

Lights Fraction WD|0.05(0.05(0.05|0.05|0.05|0.05|0.05|0.25]|0.45]|0.55|0.55|0.55|0.55|0.55|0.55|0.55(0.55 0.30(0.05(0.05|0.05|0.05|0.05 | 0.05
Sat|0.05|0.05|0.05|0.05|0.05|0.05(0.05(0.05(0.08(0.24(0.24|0.24|0.05|0.05|0.05|0.05|0.05|0.05)|0.05|0.05|0.05 |0.05 | 0.05 [ 0.05
5un|0.05|0.05(0.05(0.05|0.05(0.05|0.05|0.05|0.05|0.05|0.05|0.05|0.05|0.05|0.05|0.05(0.05 |0.05(0.05(0.05|0.05|0.05|0.05 | 0.05

Receptacle Fraction WD|0.05(0.05(0.05|0.05|0.05|0.05|0.05|0.40|0.70 | 0.90] 0,90/ 0.90| 0.90] 0.900.90/] 0.9010.90/ 0.20( 0.05(0.05|0.05|0.05| 0.05 | 0.05
Sat|0.05|0.05|0.05|0.05|0.05|0.05(0.05(0.05(0.08(0.24(0.24|0.24|0.05|0.05|0.05|0.05|0.05|0.05)|0.05|0.05 |0.05 | 0.05 | 0.05 | 0.05
5un|0.05|0.05(0.05(0.05|0.05(0.05|0.05|0.02|0.05|0.05|0.05|0.05)|0.05|0.05|0.05|0.05(0.05 |0.05(0.05(0.05|0.05|0.05|0.05 | 0.0>

'All Rooms Hour of Day

HtgSetPt  Temperature

°C
ClgSetPt  Temperature
°C
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