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Mechanical Room Picture



Warm and Cold Weather

Average max. humidity: 95 %
Average min. humidity: 42 %

Average max. 
temperature: 28 °C
Average min. 
temperature: -12 °C



Rain

Wind mostly
from
S-SW
W-NW

Average yearly
rainfall: 34.5 in
Average yearly
snowfall: 38.2 in



Heating Issue



Benefit
Cost

Savings over 25 year PPP Contract with Cogen
$290.000

$97.000 $41.790

Initial Cost Energy Cost

Heat-
pump

COGENCOGEN

$20.000 $33.353

Initial Cost Energy Cost



Carbon (kgCO2e)

Energy (MJ)Water (kgH2O)

Targets

Project

Carbon (kgCO2e)

Energy (MJ)Water (kgH2O)

Targets

Project

Heatpump

Cogen

Electricity: 
124.000 kWh
Heating:
19.000 Kwh

Electricity: 
136.000 kWh
Heating:
24.100 Kwh

Benefit
Cost
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Small Classroom



A

CM

MEP

LCFMCross Laminated
Timber

CLT Benefits



Space Creator

6 times lighter
then concrete

building

Thermal 
performance

Revenue 
Enhancement

CLT Benefits



CLT Benefits



Beam



CLT Floor Panel

Beam
CLT Panel
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Beam
CLT Panel
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Structural Plan- First Level



Cross Laminated Timber (CLT)
Perpendicular LayerParallel Layer

Strength Axis of CLT



Structural Part



Section Size
GLT Column 10 X 19

Bearing Wall
CLT SLT5 (6.66’’)
Concrete (5’’)

GLT Beam
Auditorium 8 ¾ X 

28 ½
Typical 6 ¾ 

X 21
Roof 6 ¾ 

X 32 ½
Cantilever 8 ¾ X 

28 ½

Shear Wall
CLT SLT5 
Concrete (5’’)

Floor
CLT SLT9 

(12.18’’)
Concrete (5’’)



Structural Plan – Second Floor



Structural Plan – Third Floor



CLT Connection

Panel to Panel

Half-Lapped

SLT 9 Panel
Thickness 12.18 in



CLT Connection
Wall to Wall

Self-tapping Driven



CLT Benefits - Lateral System



Section Size
GLT Column 10 X 19

Bearing Wall
CLT SLT5 (6.66’’)
Concrete (5’’)

GLT Beam
Auditorium 8 ¾ X 

28 ½
Typical 6 ¾ 

X 21
Roof 6 ¾ 

X 32 ½
Cantilever 8 ¾ X 

28 ½

Shear Wall
CLT SLT5 
Concrete (5’’)

Floor
CLT SLT9 

(12.18’’)
Concrete (5’’)



CLT Benefits
- Lateral System

CLT SLT5 
• Thickness 6.66 in
• Vr = 5812 lbs/ft



CLT Benefits - Lateral System



Load Path

Lateral System
• Wall
• Floor Panel



CLT Benefits- Foundation



6 ft

6.5 ft

CLT Benefits- Foundation



ETABS Analysis

Load
Direction



Retaining Wall



400
800

1200

Unit: psfUniformed Shell Load

Soil Pressure



• 45 degree

Level 3 10*50 kips

Level 2 20*50 kips

Level 1 30*50 kips

Nail Force



Gravity Load

Combo Load
Roof 100

psf
Floor 120 psf



Deflection Result

1.9 in

0.5 in
Maximum

DisplacementGravity Load



CLT Floor Panel – Staircase

Level 1 Level 2 Level 3



BIM Coordination



P
V

Clash 
Report
Clash 
Report

Resolving 
Clashes

Resolving 
Clashes

Model 
Integration

Model 
Integration

Clash 
Review
Clash 

Review

Setting 
the Rules
Setting 

the Rules

Clash Detection



Clash Detection



TERF
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Structural Plan- First Level



Cantilever

18 ft



Cantilever Check

Displacement
4.8 in

Increase Beam Size
8 ¾ X 28 ½
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Atrium



„I’m much happier with the
temperature with Comfy, especially in 

the seminar rooms.“
-Nick

User Control



3. Level



Student Lounge



Student 
Lounge

Collaborati
on Area Cafe

Provide additional spaces/ Value for money



Maximum Rent 340$/SqFT
Maximum Rent $1 Mio./Years

34,000 38,000 39,000 39,500 36,000

GFA
in SqFt

O+M
Cost

Construction
Cost

Space 
efficiency

Winter Quarter Spring Quarter

Ratio

Space efficiency
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Big Classroom





N



Mobilize

Excavation
Structure

Enclosure
MEP Rough-In

Finishes
Program/Commission/Test and Balance

Owner Move In

2019 2020

Schedule Overview
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Mobilize

Excavation
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Finishes
Program/Commission/Test and Balance

Owner Move In

2019 2020

Schedule Overview
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Mobilize

Excavation
Structure

Enclosure
MEP Rough-In

Finishes
Program/Commission/Test and Balance

Owner Move In

2019 2020

Schedule Overview



Access Road

SITE

Construction entrance with „shaker plates“
Super silt fence + fiber rolls
Job site boundaries/fence
Sediment trap

Stabilized construction/access road (stone) Budgeted: $100,000
Schedule: During mobilization phase

Construction activity pollution prevention



N



Mobilize

Excavation
Structure

Enclosure
MEP Rough-In

Finishes
Program/Commission/Test and Balance

Owner Move In

2019 2020

Schedule Overview



Milestones 
Schedule

Identify Risky
Tasks

Risk
Simulation

Time 
Buffers

• Shortest
Schedule, 
showing best
Conditions

• Excavation
• Structure/Out

door work
• Material 

Delay

• Minimum
• Mean Value
• Maximum

• Risk-
management 
approach

Riskmanagement



Jul-2019 Aug-2019 Sept-2019 Okt-2019 Nov-2019 Dez-2019 Jan-2020 Feb-2020

Milestones 
Schedule

Mobilize
Excavation

Structure

Enclosure
MEP 
Rough in Finishes

Program/
Commision MOVE IN

Riskmangement



Milestones 
Schedule

Identify Risky
Tasks

Jul-2019 Aug-2019 Sept-2019 Okt-2019 Nov-2019 Dez-2019 Jan-2020 Feb-2020

Structure

Enclosure
MEP 
Rough in Finishes

Program/
Commission MOVE IN

Mobilize
Excavation

Riskmangement



Milestones 
Schedule

Identify Risky
Tasks

Risk
Simulation

0

25

50

75

100

Minimum

Mean Value

Maximum

Riskmangement



Milestones 
Schedule

Identify Risky
Tasks

Risk
Simulation

Time 
Buffers

Jul-2019 Aug-2019 Sept-2019 Okt-2019 Nov-2019 Dez-2019 Jan-2020 Feb-2020

MEP 
Rough in Finishes

Program/
Commision MOVE IN

?
Structure

Enclosure

Excavation

Mobilize

Riskmangement



99% Probability
Finish before
08.04.2020Buffers Buffers

Riskmangement

Buffers
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Admin Office



0.0%

20.0%

40.0%

Total Building Cost: $8.270.000
Cost Per Square Foot: $219

Cost Estimate



Break Even Point

-$12,000,000.00

-$8,000,000.00

-$4,000,000.00

$0.00

$4,000,000.00

$8,000,000.00

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Income Annual Outcome Accumulated CF



0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

$0

$1,000,000

$2,000,000

$3,000,000

$4,000,000

$5,000,000

$6,000,000

$7,000,000

$8,000,000

$9,000,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Credit Score DSCR LLCR DSCR required

Loan Structure



20 $1.200.000

10

25 $370.000

15 $180.000 

2020 2030 2035 20452040

Reserve Account generated
through yearly Cash Flow

Intirior
Fittings

Major 
Replacement

Nano 
Coating

Doors 
outside/ inside

$37.500 

Replacement Strategy



18%

17%

3%
2%7%

43%

10%

Construction Cost Operation &
Maintance Cost

Replacement Cost Risk Surcharge

Interest Payment Renatl Payments Extra Income

Life Cycle Cost



Roof
Lake Mendota



Roof
N



Roof View



PVBenefit
Cost

CogenCogen

$31.910

Initial Cost Energy Cost

$195.000

PV

$20.000 $33.353

Initial Cost Energy Cost

Loss over 25 year PPP Contract with PV
$138.000

PV



Carbon (kgCO2e)

Energy (MJ)Water (kgH2O)

Targets

Project

Electricity: 
35.000 kWh
Heating:
19.000 Kwh

PV

Why? 
Why not?

Carbon (kgCO2e)

Energy (MJ)Water (kgH2O)

Targets

ProjectNo Pv

Electricity: 
124.000 kWh
Heating:
19.000 Kwh

Benefit
Cost



Shading 
Fins

WARKA 
Water

Transform Air 
into Water

Solid, Liquid, 
Vapour The Beetle DETAILS

King Abdullah 
University

The Story of Water

HYDROPHILIC
Shell







Solid, Liquid, Vapour



Shading





A

CM

MEP

LCFMThe Hydrophilic Shell
of the Beetle

The Beetle



RENDERING FINS

The Beetle



43

1

Poly-
dopamine

Dopamine
Solution

Nano Coat/
Wood 
Protetion

2
Inkjet 
Printing

Professor Peng Wang
Biological and Environmental Science and
Engineering

The Beetle



568 32

6867

11252

15792

21244
24009

20458
17577

11233
7807

5598

110.000 gal collected per year
86.000 Toilet Flushes per 

year

The Beetle



Initial Cost

O+M Cost

Replacement

Water 
Collection 
Savings

Data in $ Total Water
use

858.885 
gallons/year

The Beetle
109.200 

gallons/year

The Beetle

Rainwater
200.655 

gallons/year



COGENCOGEN
The Beetle

PV
Heat-
pump

ShadingShadingBig Idea

Not 
Integrated

Integrated

Integrated Project 
Analysis



PVBenefit
Cost

$60.000 $30.859

Initial Cost Energy Cost

$20.000 $33.353

Initial Cost Energy Cost

Savings over 25 year PPP Contract with Shading:
$2300 + 30% Duct Size Savings

CogenCogen

ShadingShading



Electricity: 
103.000 kWh
Heating:
20.210 Kwh

Electricity: 
124.000 kWh
Heating:
19.000 Kwh

Carbon (kgCO2e)

Energy (MJ)Water (kgH2O)

Targets

Project

Carbon (kgCO2e)

Energy (MJ)Water (kgH2O)

Targets

ProjectNo Shading

Shading

Benefit
Cost



CogenCogenBenefit
Cost

$108.000 $1.580

Initial Cost Water Cost

$20.000 $2.500

Initial Cost Water Cost

Value for Money over 1 year PPP Contract with the Beetle:
$3.400 for Academic Research



Carbon (kgCO2e)

Energy (MJ)Water (kgH2O)

Targets

Project

Carbon (kgCO2e)

Energy (MJ)Water (kgH2O)

Targets

Project

Electricity: 
121.000 kWh
Heating:
18.000 Kwh
Watercollection:
109.000 gallons

Electricity: 
124.000 kWh
Heating:
19.000 Kwh

Without The 
Beetle

With The 
Beetle

Benefit
Cost


