“So, ladies and gentlemen. Let’s act. Let’s act together. And let’s act now! “
-Mark Rutte, Prime Minister of The Netherlands

(Ministerie van Algemene Zaken, 2015)
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Building Sector

Services Sector

Final energy use by sector in 28 EU countries

Office Sector

(Eurostat, 2017)
(National Energy Foundation, 2016)



45 % 45% of the offices in The Netherlands are older than 30 years.

50 % Energy renovation can reduce the overall energy demand by 50%.
= (1]

(Vijverberg, 2002)
(Saheb et al., 2015)
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Minimize energy
consumption

Design principle NZEB: Trias Energetica

Only 7.8% of the total final energy consumption in The Netherlands use
the energy generated from renewable sources.

(EPBD, 2016)
(European Commission, 2020)
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FiWiHex heat recovery
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Recirculation air damper
Heat storage

. Equipment room
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The Earth, Wind and Fire concept (EWF) can play a key intervention as it utilizes the
environmental energy of earth mass, wind and sun to generate and supply energy.

(Bronsema, 2013).
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Refurbishment of an office building in The Netherlands
using the Earth, Wind and Fire system.
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15t Mentor: Dr. R.M.J. Bokel (Building Physics and Services)
2" Mentor: Dr. ing. T. Konstantinou (Building Product Innovation)
Research Advisors: Kitty Huijbers (ABT), Dr. Ben Bronsema & Provinciehuis Utrecht
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How are the design strategies, derived from the Earth, Wind and
Fire system, implemented in the refurbishment of an office
building in The Netherlands in order to improve the energy

performance?’
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Problem Literature study Analysis Results Conclusion
Statement

Separate from the building Connected to the building In the facade On the roof

(Swier, 2019)
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Problem Literature study Analysis Results Conclusion
Statement

In the building In the facade
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(Swier, 2019)
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Problem Literature study Analysis Results Conclusion
Statement

Building context Building shape Facade Load bearing Climate study
Urban context Minimum building height Include Open able windows Demountable building elements Sun and Wind study
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Problem Literature study Analysis Results Conclusion
Statement

EWF design strategies : General strategies

» Shaft/duct sizes are bigger than usual
 Decentralized supply and centralized exhaust or centralized supply and decentralized exhaust.
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Centralized supply and decentralized exhaust Decentralized supply and centralized exhaust

(Chaouat, 2015)
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Literature study

The ventilation capacity of the climate cascade should be 6.5 dm/s/person .

Climate cascade should be placed at every 6th floor or multiple of it .

Orientation: South, South west or south east.

A single big solar chimney gives better results than multiple small chimneys.

The depth should be min 0.65 m

The glass panes should have a high G-value and low U-value .

Solar facades are a good solution.

Building integrated PV and solar panels on the roof can contribute to high energy savings.

The heat from the exhaust air should be reused and stored.

Design strategies
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Literature study

Provinciehuis Utrecht, Utrecht (flying holland.nl, n.d.)

Construction period
Number of floors

Size

Parking area

Function

Working hours
Meeting rooms timings
No. of Occupants

Floor height

: 1992-2012

: 18 floors (19t and 20t floors are technical spaces)
: 53953 m? GFA/ 29096 m? GO

: 18270 m? GFA

: predominantly office with meeting function

: 8:00 am — 8:00 pm (Mon-Fri)

: 8:00 am to 10:00pm (Mon-Fri)

: 1000

:3.5m

Case study
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Literature study

a. High rise office building,
: b. Low rise building with restaurants,
c. Auditorium

d. Parking deck.

= I

Architectural data
Facade
Climate window

Sun protection inside

Technical data

Heat generation

Heat distribution
Space heating control
Cold generation

Cold distribution
Ventilation

Domestic Hot Water
Humidification

Heat recovery high rise

: Rc= 2.0
: U=1.2 W/ m2 K (13cm cavity)

: electrically operated intermediate blinds

: district heat network Utrecht-Nieuwegein (n= 150%)
: VAV boxes (transport medium water)

: room thermostats

: air/water compression refrigerators

: ventilation air (transport medium air with 7°C)

: mechanical exhaust and supply

: TSA on district heating network and electric boilers

: adiabatic humidification

: heat wheels

Case study 20



Analysis

4 Design options

Case 1: 1 Climate Cascade, Case 2: 2 Climate Cascade, Case 3: 1 Climate Cascade, Case 4: 2 Climate Cascade,
1 Solar Chimney 2 Solar Chimney 2 Solar Chimney
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[ Climate Cascade [] Supply shaft @ Solar Chimney [ Exhaust Exhaustshaft === Exhaustducts === Supply ducts

Design options



[ 2.0 x 2.0 m Climate Cascade

Analysis

Case 1: 1 Climate Cascade, 1 Solar Chimney
(Decentralized supply, Centralized exhaust)

[] 2.0 x 2.0 m Supply shaft W 14.5 x 0.80 m Solar Chimney [ 2.40 x 1.50 m Exhaust shaft === Exhaust ducts
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Design options
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Analysis

Case 2a: 2 Climate Cascade, 2 Solar Chimney
(Decentralized supply, Decentralized
exhaust)

[ 1.35 x 1.35 m Climate Cascade [] 1.35 x 1.35 m Supply shaft @ 9.90 x 0.70 m Solar Chimney [3 2.40 x 1.50 m Exhaust shaft === Exhaust ducts

= Supply ducts

W
SO

. 93.50 M

Design options

15.00 M
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Analysis

Case 2b: 2 Climate Cascade, 2 Solar Chimney
(Decentralized supply, Centralized exhaust)

[ 1.35 x 1.35 m Climate Cascade [] 1.35x 1.35 m Supply shaft @ 9.90 x 0.70 m Solar Chimney [3 2.40 x 1.50 m Exhaust shaft === Exhaust ducts === Supply ducts
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Analysis

Case 3: 1 Climate Cascade, 2 Solar Chimney
(Decentralized supply, Centralized exhaust)

[ 2.0 x 2.0 m Climate Cascade [] 2.0 x 2.0 m Supply shaft @ 9.90 x 0.70 m Solar Chimney [3 2.40 x 1.50 m Exhaust shaft === Exhaust ducts === Supply ducts
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Analysis

Case 4: 2 Climate Cascade, 1 Solar Chimney
(Decentralized supply, Centralized exhaust)

[ 1.35 x 1.35 m Climate Cascade [] 1.35 x 1.35 m Supply shaft @ 14.5 x 0.80 m Solar Chimney [3 2.40 x 1.50 m Exhaust shaft === Exhaust ducts === Supply ducts
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Basic Excel Modeling
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Design options

Design Conditions

Supply
Temperature
N Exhaust
Temperature
i Supply Water
Temperature
Relative Humidity

Ventilation
Capacity

Analysis

Input parameters

% Climate Cascade

Ventilation
capacity according -
to user percentage

— Air velocity \

Outside
Temperature

- Number of Nozzles -

Flow rate of water
per nozzle

Solar Chimney

S Height !

Outside
Temperature

Temperature in the
shunt channel

— Air velocity

Depth of the
Chimney

— Height

Amount of Solar
Radiation

Ventilation

capacity according
to user percentage

Basic Excel Modeling
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Analysis

Tout when V=2 e Desired Temperature esiePressure When V=2 e Desired Pressure
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Input parameters

2 Climate Cascade

Solar Chimney

Ventilation
capacity according -
to user percentage

Air velocity \

Outside
Temperature

il

Number of Nozzles -

Flow rate of water
per nozzle

Height <

Outside

Temperature

Temperature in the
shunt channel

Air velocity S
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Analysis
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Basic Excel Modeling

——Pressure loss when D=0.65

== Pressure loss when D=0.80

Pressure (Pa)

Pressure (Pa)

Pressure (Pa)

Depth=0.65m

Air velocity= 0.5 m/s
1.0 m/s
1.5m/s

Depth=0.80 m

Air velocity= 0.5 m/s
1.0 m/s
1.5m/s

Depth=1.0m

Air velocity= 0.5 m/s
1.0 m/s
1.5m/s
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Design options

Design Conditions

Supply
Temperature
7 R Exhaust
Temperature
M Supply Water
Temperature
Relative Humidity

Ventilation
Capacity

Analysis

Input parameters

® Climate Cascade

Solar Chimney

Change

parameters

[y

Ventilation
capacity according
to user percentage

Fail

Pass

Determining
Parameters

_ Flow rate of water

— Air velocity I____#____I
______ | s |
\ 1
1
Outside Fanenergy for | 1 |
Temperature supply air I
I
- Number of Nozzles :
I
I
I

pervozele Additional heating
energy for supply
air
— Height
Outside
Temperature

Pump energy

Temperature in the

shunt channel
— Air velocity
Depth of the
Chimney Fan energy for
exhaust air
:
- Fdeightme — @ @~ /! ----c-cccccccaa- "

Amount of Solar
Radiation

Ventilation
capacity according
to user percentage

Basic Excel Modeling

Total Energy
consumption
calculation
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Problem Literature study Analysis Results Conclusion

Statement
CLIMATE CASCADE
Case 1: 1 Climate Cascade, 1 Solar Chimney Case 2: 2 Climate Cascade, 2 Solar Chimney
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1 Generated Pressure © Tout of Climate Cascade (1°C = 10°C) © No. of Nozzles( 1 = 10)

Design conditions Determining variables Energy calculations Chosen option 32



Problem Literature study Analysis Results Conclusion
Statement

CLIMATE CASCADE
I_____________________I
Case 1: 1 Climate Cascade, 1 Solar Chimney I Case 2: 2 Climate Cascade, 2 Solar Chimney I
Pump energy (MWh) Fan energy (MWh) Additional Heating energy (kWh/mz2) I m Pump energy (MWh) M Fan energy (MWh) W Additional Heating energy (kwh/m2) I
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Design conditions Determining variables Energy calculations Chosen option 33



Energy Consumption

Energy Consumption

Problem
Statement

2000

Literature study

Case 1: 1 Climate Cascade, 1 Solar Chimney

Size=14.5x0.8 m

Analysis

SOLAR CHIMNEY

1800

1600

1400

1200

1000

800

600

Energy Consumption

2000

DESIGN OPTION 1

Case 3: 1 Climate Cascade, 2 Solar Chimney

Size=9.9x0.7m

1800

1600

Design conditions

DESIGN OPTION 3

B Thermal Draught (1 Pa= 100Pa)

" Fan energy (kWh)

Energy Consumption

Results Conclusion

Case 2: 2 Climate Cascade, 2 Solar Chimney

Size=9.9x0.7m

1800

1600

1200

1000

800

600

200 -

2000

DESIGN OPTION 2

Case 4: 2 Climate Cascade, 1 Solar Chimney

Size=14.5x0.8 m-

1800

1600

1400

1200

1000

800

600

400

200

o -

DESIGN OPTION 4

H Tout at the top of Chimeny (1°C = 10°C) = Air Velocity ( 1 m/s = 100 m/s)

Recovered Heat energy (MWh)

Determining variables

Energy calculations Chosen option
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SOLAR CHIMNEY

* Reduced Chimney size

e High temperatures

e High amount of Heat
recovered

* Air velocity= 1.0 m/s

* Size=9.9x0.7m

Case 3: 1 Climate Cascade, 2 Solar Chimney

m Thermal Draught (1 Pa= 100Pa) ® Tout at the top of Chimeny (1°C = 10°C) ™ Air Velocity ( 1 m/s = 100 m/s)

Fan energy (kwh) Recovered Heat energy (MWh)

1600

:

=
[~}
o
[=]

Energy Consumption
=
g
[=]

g

g

s
8

200

| 2000 |
| 1800 |

DESIGN OPTION 3

Energy calculations

Results
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Results

CHOSEN OPTION

Case 2b: 2 Climate Cascade, 2 Solar Chimney
(Decentralized supply, Centralized exhaust)

[ 1.35 x 1.35 m Climate Cascade [] 1.35x 1.35 m Supply shaft @ 9.90 x 0.70 m Solar Chimney [ 2.40 x 1.50 m Exhaust shaft === Exhaust ducts === Supply ducts
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¥ 93.50 M "
s
Q )

Chosen option 36



Dynamic Modeling using Design Builder
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Analysis

DB Modelling ——  Location data

s Location data SR Weather file

——~ North direction

—— Occupancy Profile
e Activity data  ammEe Schedule

- Lighting

—— External & Internal Walls

Change parameters

Fail

Input parameters e Construction data gammEs Roof/Ceilng

— Openings

———~ Set back temperature

s Heating/Cooling gumm

—— Set point temperature

Run Simulation

\}

HVAC

- Ventilation S

Pass S Infiltration

Total Energy

consumption
calculation

Dynamic Modeling
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Results

Existing System without EWF

EnergyPlus Output 1 Jan - 31 Dec, Monthly Evaluation
[ ] Lighting |l System Fans [l System Pumps [l Heating (Other fuels) [l Cooling (Electricity) [l DHW (Gas)
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Energy calculations



Problem
Statement

Literature study Analysis

Results

Existing System without EWF

Conclusion

M Space Heating = Cooling  Ventilation = Production Equipment Lighting DHW m Space Heating m Cooling = Ventilation = Lighting = Production Equipment ~ DHW
4,000,000 250
3,500,000
I
— 200
—_ 3,000,000 ~
£ £
Z =
E 2,500,000 E 150
o 2,000,000 &
> £
& 1,500,000 - 100
E &
o £
1,000,000 E
50
500,000
0 0 .
Without EWF (MWh) Without EWF (kwh/m2)
DHW 35,280 DHW 2
Lighting 405,720 Production Equipment 5
Production Equipment 88,200 Lighting 23
Ventilation 864,360 Ventilation 49
Cooling 740,880 Cooling 42
Space Heating 1,640,520 Space Heating 93

Energy calculations

Thermal Comfort

Facade Refurbishment

Final Design
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Thermal Comfort
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Problem Literature study Analysis Results Conclusion
Statement
ATG Method for accessing Thermal Comfort
31 -
-” i
30 ass D - e
Temperature limits i 3, ...,.' :
. : di!agongl a- upper limits/ green zones ——— _-r ol |
28 /\ Class C
\ @ et
/ Temperature limits Lo H ="

27 / \ A ’—f’ A veioee esPeesOIOIIOIOIOIOEOTRODOOS °
z) \ Temperature limits - LS /'
e = - ...o
v - =3 .o’.
5 26 -— T
A :
8. 25 e soseeePOOERIOPOEOOOTROROTCROTORTOTTOOOTOSTE oo * P oo o0eee PP U PPN N——-— / / ¥ .
= / [ Basic copling setpoint
3 B SN . S L L R R
B, 5 A/ during (:ooling season
§ horizontal - upper limits
S 23 /
S / | /
=
E 4 oo ® " ke
< / j Basic heating setpoint LA

21 - | s e | | | | | ~ hd g e

urmglheati g season chaot®® —
ee*" s - m
20 =% ono®l = — —
l o"'.... —"——
....... - y
I T, DAPADAUN NP ISP PUPID WIPPIN FISUPE . WSS FUSUSIPN NSUNUSEN FUSUSISN USUSUSGS PSS NSNS S Aa— Y 1L —_‘—
=
-
18 S—— — — a— -— -— S— == — a— — S— ——— ] -
17
- 4 3 2 1 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
Wijlter Summer Warm summer
B_, running mean outdoor temperature (°C)
Energy calculations Thermal Comfort Fagade Refurbishment Final Design 42



== (Class B Upper Limit
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Results

Thermal Comfort assessment of the existing system without EWF
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Outdoor Running Mean Temperature (°C)

Comfort Bandwidth
Class B
Class C

Class D
Above Class D

Thermal Comfort

No. of Hours

2858
2231

1567
1393

e e,

bl

M YOS
s s

20

35.51
27.72

19.47
17.31

% of Time

50

40

30

20 -

10 -

22 24 26 28

®PPD=10% mWPPD10-15% ®PPD15-25% PPD »25%

35.51

17.31
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EnergyPlus Qutput

Heat Balance [(kWh) Temperature (°C) Fuel (kWh)

Total fresh air (ac/h)

5000 —

4000 -

2000 -

20

15 -

10 -

New System with EWF

1 Jan - 31 Dec, Monthly

Results

Evaluation

B Heating (Gas) M Cooling (Electricity)

Ill.ll_

B Air Temperature [ Radiant Temperature I Operative Temperature Il Outside Dry-Bulb Temperature

10000 —

5000 -

0 -

-5000 —

-10000 -

Jan

B External Air [0 Occupancy [ SolarGains Exterior Windows [ Zone Sensible Heating M Zone Sensible Cooling

LN B B

4.4 -

2002

B Mech Vent + Mat Vent + Infiltration

2002 Feb har Apr May Jun Jul
hMonth

Energy calculations

Aug

Sep

Oct

Mo

Dec
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Problem
Statement

Comparison between the 2 systems

Energy calculations

Literature study

m Space Heating = Cooling =~ Ventilation = Lighting

5

4,000

3,500

3

r

N
N
o
o

3

r

Primary Energy (MWh)
|—'I.
U
o
o

2

r

3

W Space Heating ™ Cooling

250

Analysis

Results

Production Equipment DHW

System with EWF

Without EWF (MWHh)

Ventilation

With EWF (MWh)

Lighting ™ Production Equipment

o

DHW

2

System without EWF

[
LN
=

3

Primary Energy (kWh/m2)

un
=

System with EWF

Without EWF (kWh/m?2)

Thermal Comfort

With EWF (kWh/m2)

Facade Refurbishment

Conclusion

62% less
Ventilation
energy

36% less
Cooling
energy

72% less
Heating
energy

53%
Reduction
Overall

Final Design
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EWF System Energy
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Climate Cascade

Pump energy
Fan energy

Additional Heating
energy

Solar Chimney
Fan energy

Total

EWF Ventilation Energy
without Heat recovery

Primary Energy Primary
(kWh/year) Energy
(kWh/m2)
54,800 -
6,700 -
368,000 12.7
1800 -
431,300

Energy calculations

Results

EWF system energy consumption

EWF Ventilation Energy
with Heat recovery

Primary Primary
Energy Energy
(kWh/year) (kWh/m2)

25800
0
196,693 10.2
1800
224,293

EWF Ventilation Energy

Primary Energy

(kWh/year)
Climate Cascade
Pump energy 25800
Fan energy 0
Additional Heating energy 196,693
Solar Chimney
Fan energy 1800
(22°C constant Incoming air)
Fan energy 2500
(Varying temperatures according to
dynamic simulations)
Total 224,993

Primary Energy
(kWh/m2)

127
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Results

Heat Recovery system

o Hot
Fresh air in extract air

» ‘ Winter situation
4= =

: » Climate Cascade
Pre-heats the outdoor air from

Cool air Warmed 2°Cto 13°C
exhaust fresh air
-
0o
i)
(©
43 Air-water heat exchanger
(%]
O Booster heat pump
£
£
-
n
v \4
Recharging the ATES DHW
system 3
(]
[

L]
H
Fsi

=t =T

heat storage heat storage
Summer cooling Winter heating

Energy calculations 48



Results

Thermal Comfort assessment of the New system with EWF
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Outdoor Running Mean Temperature (°C)

Provinciehuis Utrecht Comfort Bandwidth No. of Hours % of Time WFPPD>10% WPPD10-15% WPPD15-25%
1 Office floor Class B 1000 73.1 =
Class C 308 22.5 ’e
Class D 59 4.3
Beta
Operative 0
Jan-Sept 2
1367
o
Acceptable
Class C J

Thermal Comfort
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Results

Improved System with EWF

EnergyPlus Output 1 Jan - 31 Dec, Monthly Evaluation
I Hcating (Gas) M Cooling (Electricity)
8000 —
-
<
o
-]
R
B 2irTemperature [ Radiant Temperature I Operative Temperature M Outside Dry-Bulb Temperature
o
®
=
i
1b]
0
E
L
B External Air [ Solar Gains Exterior Windows M Zone Sensible Heating M Zone Sensible Cooling
— 10000 -
-
é 5000 —
i}
m  -5000 -
o
s -10000 —
I
Il Mech Vent + Mat Vent + Infiltration
-
G
L
=
-
L]
it
=
=
2002 Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec
Jan 2002 Month

Energy calculations



Results

Comparison with EWF and Improved System with EWF

m Space Heating = Cooling Ventilation = Production Equipment Lighting DHW
2,000,000 :
With EWF Improved EWF
1,800,000
1,600,000
£ 1,400,000
= e
= 1,200,000
g y] ’
2 1,000,000
w
- 800,000
£
= 600,000
400,000
200,000
0 X
With EWF (kwh) Improved EWF (kwh)
DHW 35,280 35,280
Lighting 405,720 405,720
Production Equipment 88,200 88,200
Ventilation 322,400 323,100
Cooling 469,404 385,290
Space Heating 447,660 574,524

Energy calculations

22% more
Heating
energy

18% less
Cooling
energy

2%
Increase
overall
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Results

Thermal Comfort assessment of the Improved System with EWF
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EWF system is an efficient way to reduce the energy
consumption.

EWF system has better thermal comfort than the existing
system.

With further improvements, the building achieves
maximum thermal comfort.
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Results

3 Fagade Options

FACADE OPTION 1: FACADE OPTION 2: FACADE OPTION 3:
Building Integrated Sun-shading with PV Living Wall system with
Photovoltaic BIPV

Elevation r Elevation r Elevation

- LB - 52 = : = - = == . ;

Facade Refurbishment 54



Prefab sandwich
panel insulated
aluminium with
building integrated
PV-cell in the South,
SW and SE facade

Double glazed
openable window
with 13 cm air cavity
and roller blinds
within the cavity

Existing facade
element: Granite
facade panel

Double glazed Fixed

window with 13 cm

air cavity and roller
blinds within the

cavity

@,_V

&.__

Elevation

FACADE OPTION 1: Building Integrated Photovoltaic

[

Results

&

Facade Refurbishment

Section
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Detailed Elevation

Results

FACADE OPTION 1: Building Integrated Photovoltaic

Detailed section

2.75m

Facade Refurbishment

@ Prefab sandwich panel

insulated Aluminium
with building
integrated PV-cell

Double glazed Fixed
window with 130 mm
air cavity and roller
blinds within the cavity
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Double glazed
openable window
with 13 cm air cavity
and roller blinds
within the cavity

Fixed Sun-shading
with PV at 35°in the
South Facade

Existing facade
element: Granite
facade panel

Double glazed Fixed

window with 13 cm

air cavity and roller
blinds within the

cavity

&

Elevation

Results

FACADE OPTION 2: Sun-shading with PV

Section

»

‘L
|
T T T T

2.75m

2.75m

Facade Refurbishment 57



Detailed Elevation

]

i

Results

FACADE OPTION 2: Sun-shading with PV

0.64

Detailed Section

2.70

Facade Refurbishment

Existing facade
element: Granite
facade panel

200 mm Insulation

Double glazed Fixed
window with 130 mm
air cavity and roller
blinds within the cavity

@ Structural steel Box

section

» 35°South Fixed

module with
Horizontal Louvre glass
blades with PV

58



Prefab sandwich

panel insulated o

aluminium with
building integrated
PV-cell in the South,

SW and SE facade

Double glazed
openable window
with 13 cm air cavity @
and roller blinds
within the cavity

Living Wall system in
S,SW & SE

Existing facade

Elevation

element: Granite
facade panel

Double glazed Fixed
window with 13 cm g
air cavity and roller
blinds within the
cavity

Results

FACADE OPTION 3: Living Wall system with BIPV

Facade Refurbishment

Section
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Detailed Elevation

AN

1.15

1.35

1.35

Results

FACADE OPTION 3: Living Wall system with BIPV

Detailed Section

=

Facade Refurbishment

“. - ,‘ A ﬁ
. .
R ’ 5 < ___&
ot
2 N\
N\
e
= 2.70
&
- —®
. — .
- s
\ Al y
4' a
i

Prefab sandwich panel
insulated Aluminium
with building
integrated PV-cell

Double glazed Fixed
window with 130 mm
air cavity and roller
blinds within the cavity

Insulation

Living Wall system with
Stainless steel Wire
Grid unit 900x 600 mm
Mounting and stainless
steel clips with inbuilt
irrigation system.
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Results

Comparison of 3 facade options

Changed parameters Facade option 1: BIPV | Facade option 2: Sun- | Facade option 3: Living
shading with PV Wall System with BIPV

R-value

4.2 m’K/W No change 5.9 m?K/W
% Redu.ctlon in solar gain No change 50% 84%
from windows
S yacld 224 MWh/year 150 MWh/year 224 MWh/year
% Reduction in the total
energy consumption of the 12% 13% 19%

building

Fagade Refurbishment
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Results

EWF system with refurbished facade and GSHP

1 Jan - 31 Dec, Monthly

I Heating (Electricity) M Cooling (Electricity)

B :ir Temperature I Radiant Temperature [ Operative Temperature M Outside Dry-Bulb Temperature

[ occupancy I Zone Sensible Heating MM Zone Sensible Cooling

EnergyPlus Output
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=
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5 15 -

©
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E 10 -

z

15000 —

g‘ 10000 —

= 5000 —

k]

= 0

o
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i

uy

z
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Jan 2002

Hl \\ech Vent + Mat Vent + Infiltration

2002 Feb nar Apr nMay Jun Jul ALg Sep Oct MNov Dec
Month

Final Design

Evaluation
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Results

M Space Heating Cooling Ventilation Production Equipment Lighting DHW

Comparison between the 2 systems

3,000,000 -
System without EWF
2,500,000 -
=
i 2,000,000 -
&
£ 1,500,000 1 -~ SystemwithEWF
w
Z
m
E 1,000,000 -
£ 74% less
500,000 1 Ventilation
0 - 1 energy
Without EWF with GSHP (kwh) With EWF and GSHP (kwWh)
DHW 35,280 35,280
Lighting 405,720 405,720
Production Equipment 88,200 88,200 26.5% less
Ventilation 864,360 224,993 Cooling
Cooling 403,200 296,190
Space Heating 846,000 247,644 energy
B Space Heating Cooling Ventilation Production Equipment Lighting DHW
160 ——System withouteWp—— — — — — 70% less
180 Heating
= 20 energy
2
= 100 -
& .
o 80 - System with EWF
W
E g I . 50%
g 10 Reduction
Overall
20 + —
o B
Without EWF with GSHP (kWh/m2) With EWF and GSHP (kwh/m?2)
DHW 2 2
Lighting 23 23
Production Equipment 5 5
Ventilation 49 13
Cooling 23 17
Space Heating 18 14

Final Design



Final Design
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Problem
Statement

Energy calculations

------

Conclusion

Literature study Analysis Results
@
L
Technical TTTTTTY
Floor ! *
:
Technical !
Floor i —
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1]
_Eeet i ¢
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18* Floor i
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1
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i
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i
]
First floor .
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i
i
]
- ]
= i
i N
Ground floor I ,@I ®
‘ |
| 4 —e
]
Basement '-'u- I ; ®
Ll :
i
S O a4 pe---- SEI-EEEERE s s o
-

Thermal Comfort Facade Refurbishment

4 way Air flaps

Heat Exchanger

Auxiliary Fan

Sprayers

Climate Cascade

Supply shaft

Exhaust shaft

Solar Chimney

Twin coil unit

Pump

Water Basin

Water Tank

Filtration Tank

ATES system

Final Design
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Final Design
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Results
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Results

Assembly Sequence of Solar Chimney

Horizontal extrusion to Gypsum wall Absorber
(Light thermal wall) (Black wall) Vertical Mullion

y

Horizontal

Existing Brick wall  support the curtain wall
: ; Transom

Glazing
Insulation F

Solar Chimney

Final Design 69



BENG Regulations

70



cop
Heating 5.4
Cooling 10
DHW 3

Fans & Pumps -
Lighting -

Total

BENG CALCULATIONS

Results

Annual amount of energy used for the energy function: Scenario 1

Non-Primary
energy (kWh)

82,284 kWh
0 kWh

0 kWh

28,300 kWh
405,720 kWh

Primary energy use including auxiliary energy

Energy generated by PV

Annual Primary Energy consumption (E..: primary )

Heating [Eren. heating )

Cooling [Eren cooling )

PV (Eren pv )

Total amount of Renewable Energy (E.y; ren )

Total Useable Floor Area (UFA)

Surface area of Envelope (SAE)

Ratio

Heating (Pre heating included) (Epeating)

Cooling (Pre cooling included) (Ecoqing)

BENG 1

BENG 2

BENG 3

<90 kWh/m2

<40 kWh/m2

PEF Primary Energy Auxiliary energy | Auxiliary energy
(kWh) Non-Primary Primary energy
energy (kWh) (kWh)
1.45 119,311 kWh 36,425 52,816
1.45 0 kWh 29,619 kWh 42,947 kWh
1.45 0 kWh 11,760 kWh 17,052 kWh
1.45 41,035 kWh 0 kWh 0 kWh
1.45 588,294 0 kWh 0 kWh
748,640 112,815
Annual Primary Energy consumption
861,455
224,076
637,379
Annual amount of Renewable Energy
362,053
266,571
224,076
852,700
Surface
17,640
18445
1.04
Heating and cooling Energy (Fossil + renewable energy)
444,337 kWh 25.2
492,883 kWh 28
Energy Performance
(Eneating)H{Ecooing) 53.2 kWh/m2 Satisfied
(Etot primary )/ UFA 36.13 kWh/m2 Satisfied
(Etotren )/ 57.2% Satisfied

>30%

{Etut ren + Etot primary)

Final Design
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copP
Heating 54
Cooling 10
DHW 3

Fans & Pumps -
Lighting -

Total

Results

BENG CALCULATIONS

Annual amount of energy used for the energy function: Scenario 2

Non-Primary
energy (kWh)

135,064 kWh
0 kWh
0 kWh

46,524 kWh
667,000 kWh

PEF

1.45

1.45

1.45

1.45

1.45

Primary Energy Auxiliary energy | Auxiliary energy

Annual Primary Energy consumption

Primary energy use including auxiliary energy

Energy generated by PV

Annual Primary Energy consumption (E.u: primary )

Heating (E,e,. heating )

Cooling (Eren cooling )

PV [Eren pv )

Annual amount of Renewable Energy

Total amount of Renewable Energy (E.; e )

Total Useable Floor Area (UFA)

Surface area of Envelope (SAE)

Ratio

Surface
29000

21075

0.72

Heating and cooling Energy (Fossil + renewable energy)

Heating (Pre heating included) (Epcating)

Cooling (Pre cooling included) (E ong)

BENG 1

BENG 2

BENG 3

<90 kWh/m2

<40 kWh/m2

>30%

729,350 kWh

807,650 kWh

Energy Performance

{Eheating)+(E:uulng)

{Etut primary }/ UFA

{Etut ren }/

{Etut ren + Etnt primary)

(kWh) Non-Primary Primary energy
energy (kWh) (kWh)
195,842 kWh 59,879 kWh 86,824 kWh
0 kWh 48,430 kWh 70,223 kWh
0 kWh 19,333 kWh 28,032 kWh
67,459 kWh 0 kWh 0 kWh
967,150 0 kWh 0 kWh
1,230,451 185,079
1,415,530
224,076
1,191,454
594,186
435,870
224,076
1,254,132
25.2
28

53.2 kWh/m2 Satisfied

41.0 kWh/m2 Not Satisfied

51.2% Satisfied

Final Design
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Results

BENG CALCULATIONS

Annual amount of energy used for the energy function: Scenario 3

PEF

1.45

1.45

1.45

1.45

Primary Energy Auxiliary energy

Auxiliary energy

cop Non-Primary
energy (kWh)

Heating 54 135,064 kWh
Cooling 10 0 kwh
DHW 3 0 kWh
Fans & Pumps - 46,524 kWh
Lighting - 667,000 kWh
Total

1.45

Annual Primary Energy consumption

Primary energy use including auxiliary energy
Energy generated by PV

Annual Primary Energy consumption (Eyg: primary )

Annual amount of Renewable Energy

Heating (Eren. heating )

COOling (Eren cooling )

PV [Eren pv )

Total amount of Renewable Energy (Eq; en )

Total Useable Floor Area (UFA)

Surface area of Envelope (SAE)

Ratio

Surface

29000

21075

0.72

Heating and cooling Energy (Fossil + renewable energy)

Heating (Pre heating included) (Eyeating)

Cooling (Pre cooling included) (E oing)

BENG 1 <90 kWh/m2
BENG 2 <40 kWh/m2
BENG 3 >30%

729,350 kWh

807,650 kWh

{Eheating)+(E:uulng}

{Etnt primary }/ UFA

{Etﬂt ren }/

{Etnt ren+ Etot primary)

Energy Performance

{(kWh) Non-Primary Primary energy
energy (kWh) (kWh)
195,842 kWh 59,879 kWh 86,824 kWh
0 kWh 48,430 kWh 70,223 kWh
0 kWh 19,333 kWh 28,032 kWh
67,459 kWh 0 kWh 0 kWh
967,150 0 kWh 0 kWh
1,230,451 185,079
1,415,530
326,097
1,089,433
594,186
435,870
326,097
1,356,153
25.2
28

53.2 kWh/m2 Satisfied

37.56 kWh/m2 Satisfied

51.2% Satisfied

Final Design
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Paris Proof Agreement
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PV panels on the Statenzaal roof

Results

PARIS PROOF

Annual Primary Energy consumption
1,089,433 kWh

Total amount of Renewable Energy
PV on SW,SE & S facade 326,097 kWh

Required PV energy 763,336 kWh

Proposed locations to install PV

2 [
(@ I
h N A\
L " Ageas,Finance <
T 5 5

PV panels in the Garden on the SW

PV panels on the parking deck

Final Design
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PARIS PROOF

Annual Primary Energy consumption
1,089,433 kWh

Total amount of Renewable Energy

PV on SW,SE & S facade 326,097 kWh
PV on the roof of the 185,923 kWh
Statenzaal

PV panels in the garden 228,978 kWh

(orientation SW)

PV on the parking deck 468,450 kWh

1,209,448 kWh

Results

The primary energy can be completely provided by the PV panels and
energy neutrality is achieved on the basis of zero on the meter concept.

Final Design
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RECAP

77



Conclusion

How are the design strategies derived from the Earth, Wind and Fire system, implemented in the

refurbishment of an office building in the Netherlands in order to improve the enerqy performance?

Basic Excel Model Dynamic Design Builder Model Facade Refurbishment
EWF system can be EWF system also reduces the EWF system with refurbished
implemented energy consumption and fagade further r educ?s the
improves thermal comfort energy consumption
significantly
Building Further 0
No. of EWF design and 53 % energy Class B energy 50% fenerg.y
elements . duction thermal . reduction with
required reauc reduction by
comfort GSHP
pressure 19%

EWF system is an efficient way to reduce the energy consumption of the Provinciehuis Utrecht building
while also complying with all the BENG regulations along with achieving energy neutrality on the basis of
zero on the meter concept.
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In order to implement the EWF system for other buildings, the most influential

design strategies to be considered are:

-

[

=
2048

]
T
— |

o ey 2

15.0M

4 s
Building Height Facade Refurbishment Heat and Cold storage Heat Recovery system
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Further Recommendations

TNy
) TTTT
Solar Chimney o
® Teeey
EWF
. AN LAAA]
Ventec Roof @ @® Climate Cascade o v v

Study the effect of Ventec Roof Varying Heights of Climate Cascade Designer’s tool



Thank You!
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Appendix
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Methodology

Background study

Literature research

Analysis & Final design

Conclusions

Refurbishment of

office building

\
|
Problems related to
office buildings in
Netherlands

|
Need for

refurbishment of

offices

|

Effect of Earth, Wind
and Fire concept in
solving the existing

issues
Study of Earth, i e':z;%rzige:;zg% P National & Building Assessment Comparative
Wind and Fire whils refurbishmant International criteria and methods analysis of Case
system of offices Policies to follow study buildings
; . ; | |
Important EWF design Goals to be Selected case
elements to be Evaluation achieved with Design study:
considered for the Parameters respect to EWF strategies Provinciehuis
design assignment system Utrecht
A
1
e /
’ - - -
v o
Refurbishment
_______ using EWF - o
BT elements \
" ‘ \|
7z 1 1
/ P /
P Design 5%
’ options
1
I, ‘ I
! '
1
1 Check the Validating the Excel
“ performance of the YES _ model by CFD
\ elements using Optimize & Validate model (Design
N Excel model Builder)
N [
1
Eliminate design
options which
exceed the set
limits.
Final design ; Preliminary
solution: Checkrf&:fParls conclusions &
architectural P reflection

Conclusions
and Reflection
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Separate from the building

Connected to the building In the facade On the roof
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Comparative analysis of case study buildings

BUILDING PROVINCIEHUIS WILLEM C. VAN
: : UTRECHT : UNNIKGEBOUW
'"""’7 ; Typology Office Building  : Education and Office
FEmLEEEL : : building

Higher than surrounding
building

Building height 85m : 75.5m

Provinciehuis Utrecht , Utrecht Possibility to strip down the
(flying holland.nl, n.d.) . fagade compIeter

Open able windows in the :
facade ,

Load bearing fagade system -

Easy disassembly

Poured pipes in the floor
Large column grid

Structural system can withstand
additional facade loads

Van Unnikgebouw, Utrecht .
(Pepijntje, 2008) Possibility of cold and heat

storage



BENG Regulations

BENG 1 BENG 2 BENG 3
Energy requirement Primary fossil energy | share renewable

[kWh/mz2.yr] consumption energy
[kWh/m2.yr] [%]
2015 -NEN 7120 = 50 =25 =50
2018 - NTA 88500 AisfAg = 2,2 -=90 a0 =30

AsfAg > 2,2 ->90 + 50 * (As/Aqg
-2,2)

2019 - NTA 8800 Air/Ag= 1,8 BENG 1 =90 = 40 =30

Ai/Ag> 1,8 BENG 1 <90 + 30 *
(Ais/Ag -1,8)

87



Basic Excel Model Results

CLIMATE CASCADE: Single Cascade

CASE 1= 1 Climate Cascade & 1 Solar Chimney CASE 3= 1 Climate Cascade & 2 Solar Chimneys

=== Supply Temperature === Desired supply =g N 0. Of NozzZlES =l SUPPly Temperature === Desired supply g NO. Of NOZZlES
Temperature Temperature
20 9 9 9 9 9 9 10 20 18 12
18— - = = * 9 18 | Bk /l=¥l=¥l=¥l—
16 18 N g 16 \15-5 . 11 11 11 11 - 10
14 \ 7 14 :-
— 155N . — 5] 9 ~ o - 8
LA Additional . 5 £, 118 Additional o
[ . ™ 1] . N
= heating energy 8 = heating energy N
£t 10 116 5 2 t 10 6 =2
© [ @ 8 Y=
[} o -7 5]
g 8 4 g g 8 S
(7] = ) =
F 6 7.7 3 F 6 . 5 -4
4 2 4 \.\-. 25
- 2
2 4.1 \‘ 1 2 ~a
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Outside Temperature (°C) Outside Temperature (°C)
=g No.0f Nozzles/10 ==#=RH of outside air =====RH Inside the room === Room Temperature =—p=— No.of Mozzles/10 === RH of outside air =====RH Inside the room === Room Temperature
100 24.5 120 245
90 * 4 —————p— £ * " g +
[ ‘ /__—— - 24 100 | - 24
80 e
67 - 235 ’ A A 35
i G 80 - o
s rd g > 3@ & Xy 3 @
o 50 \ 2 g 60 6/ .~ 6 \ 2
3 ~l_ 407 S Z ' %
@ N - 225 & g - 225 &
S 40 ? 317 £ X >4 £
& T - 5 o \ @
26.2 = 40 V¥ -
30 0 -2 = —a—_a 2
20 20 33 2%
- 215 - 215
10
0 21 0 21
28 20 12 4 -4 -10 28 20 12 4 -4 -10
Outside Temperature (°C) Outside Temperature (°C)




Basic Excel Model Results

CASE 2= 2 Climate Cascades & 2 Solar Chimneys

CLIMATE CASCADE: Double Cascade

CASE 4= 2 Climate Cascades & 1 Solar Chimney

=== Supply Temperature === Desired supply =t=No. of Nozzles el SUpply Temperature e Desired supply g No. of Nozzles
Temperature Temperature
20 4.5 20 6
4 4 4 4 4 4
18 —l-€=‘==‘==‘==‘==‘—_ a 18 !\ -4 A A A v 3
1 184 N 16 184 N » ¢ ¢ i -5
‘I\ - 35 ‘5(/ 5 5 5 c
14 15:6—5 — 14 15 ~
[ o -3 ) 0——*6 - - 4
< Additional -4 <5 4 4 Additional 8
[ . N o . N
5 heating energy - 25 § 5 heating energy )
£t 10 116 = £t 10 11.7 32
3 ‘\ o, = @ 3
2 g 3 g 8 o
£ = o =
ﬁ - 1.5 = 7.9 L - 2
) “ 6 ~u
L 1 4
4 \l\ 46 -1
5 36 - 05 2 \I
0 \. 0 0 2 0
28 20 12 4 -4 -OIﬁ 28 20 12 4 -4 -10
Outside Temperature (°C) Outside Temperature (°C)

245

24
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23

22.5

22

215

21

et NO.0f NOZZlES/10 =t RH Of OUtSidE @ir =i RH Inside the room = Room Temperature ==t==No.0f Nozzles/10 ====RH of outside air =====RH Inside the room ==@==Room Temperature
100 245 100
90 & A 90 & —h
—R —a - 24 —a ]
30 '/r—— 20 IK'X
70 o7 K - 235 70 67 66
o
— e '-['E' /
5 60 53 = 8 60
5 rd \ -3 e S r'd T
2 \ 39 3 2 1
o - 225 & ® 40 * "
g a0 | o * ¢ \’-\ % N Z : \i %a-%fz
30 . *ﬁ L 22 = 30 i
20 20
10 F 21 10
0 21 0
28 20 12 4 -4 -10 28 20 12 4 -4 -10
Outside Temperature (°C) Outside Temperature (°C)

Temperature (°C)
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Additional Heating energy calculation

Amount of air

Heating energy (kW) = 3600

x 1.2 x specific heat capacity of air x Temperature difference
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Basic Excel Model Results

CLIMATE CASCADE: GENERATED PRESSURE

CASE 1= 1 Climate Cascade & 1 Solar Chimney CASE 2= 2 Climate Cascades & 2 Solar Chimneys
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160 [l Il
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200 |

150
e
Needed A ——Needed
pressure 2 pressure
100

= EWF generated | ~———EWF generated
8 | pressure [Pa]
60 pressure [Pa]

120

2
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Pressure
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o]
[=]

20
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CASE 3= 1 Climate Cascade & 2 Solar Chimneys CASE 4= 2 Climate Cascades & 1 Solar Chimney
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Basic Excel Model Results

SOLAR CHIMNEY: Thermal draught, Pressure loss and Tout

CASE 1= Single Chimney

—+#—Thermal Draught —&—Pressure Loss —#—Tout at the Top of Chimney

90 40
352 5151 2]
80 @ 333 ﬁ_ 35
20 \\ 295 /
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= 40 v 20 &
2 e 2
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20 /"" 10
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- 5
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; e g
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% 40 o 20 aé_
& 3 Fan energy _+— 15 @
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Outside Temperature (°C)

CASE 2= Double Chimney

—— Thermal Draught —&—Pressure Loss —#—Tout at the Top of Chimney

90 45
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80 w369 /‘—— 40
S| 344 y
70 ‘-\ 306 / 35
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= 25.5 g
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3 50 A—————— \l-<—7£"—74 ses—obs 25 5
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5 = a o
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20 // 10
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Basic Excel Model Results

Fan energy
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Thermal zones in Design Builder Model

Occupied Office area

Services (Staircase, Elevators,

Toilets, Technical rooms)

Staircase
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Design Conditions

DESIGN CONDITIONS
Constants

Supply Exhaust Supply Relative
Pressureloss | temperature | temperature water humidity

(°C) (°C) temperature
(°C)

1 Climate 150 18 - 13 55%
cascade
2 Solar 50 - 22 - -

chimney

80

80

Ventilation
capacity
(m3/h)

50000

50000
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Design
Options

1 Climate
cascade

1 Solar
chimney

2 Climate
cascade

2 Solar
chimney

1 Climate
cascade

2 solar
chimney

2 Climate

cascade
1 Solar
chimney

Supply/
Exhaust

Decentraliz
ed supply,
Centralized
Exhaust

Decentraliz
ed supply,

Decentraliz
ed exhaust

Decentraliz
ed supply,
Centralized
exhaust

Decentraliz
ed supply,
Centralized
exhaust

2.0x
2.0

1.35

1.35

2.0x
2.0

1.35

1.35

Generated
pressure
(Pa)

160 Pa
(T_supply=
28°C; RH=
55%)

156 Pa
(T_supply=
28°C; RH=
55%)

160 Pa
(T_supply=
28°C; RH=
55%)

156 Pa
(T_supply=
28°C; RH=
55%)

CLIMATE CASCADE

Evaluation Parameters

Tout
of CC

(°C)

18.0°C
(RH=
98%)

18.4°C
(RH=
96%)

18.0°C
(RH=
989%)

18.4°C
(RH=
96%)

No. of

Nozzles

Winter
=11
Summe
=9

Winter
=5
Summe
r=4

Velocity
of air

(m/s)

3.2m/s

3.8 m/s

3.2m/s

3.8 m/s

Water/

Air Ratio

(kg/kg)

0.37

0.33

Winter=
0.46
Summer
=0.37

Winter=
0.42
Summer
=0.33

Pump
energy
(kWh/

year)

61650
kWh

54800
kWh

73000
kWh

66200
kWh

Additional
heating

energy
(kWh/m2)

200 13
kWh

6700 12.7
kWh

0.3 12
kWh

5000 12
kWh
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Design

Options

1 1 Climate

cascade
1 Solar
chimney

2 2 Climate
cascade
2 Solar
chimney

3 1 Climate
cascade
2 solar
chimney

4 2 Climate

cascade
1 Solar
chimney

Supply/
Exhaust

Decentralized
supply,
Centralized
Exhaust

Decentralized
supply,
Decentralized
exhaust

Decentralized
supply,
Centralized
exhaust

Decentralized
supply,
Centralized
exhaust

Total
Pressure
loss
(Pa)

50 Pa

50 Pa

SOLAR CHIMNEY

Evaluation Parameters

Thermal Velocity | Tout at the
Draught of air top of
(Pa) (m/s) chimney
(°C)
-4.0 Pa 1.2 m/s 35.2°C 14.5x0.8 1200 kWh
(T_supply=
22°C &
T out= 30°C)
2.2 Pa 1.0 m/s 39.5°C 9.9x0.7 2000 kWh
(T_supply=
22°C &
T out= 28°C)
8 Pa 1.0 m/s 41.4°C 9.9x0.7 1800 kWh
(T_supply=
24°C &
T _out= 28°C)
1.7 Pa 1.2 m/s 37.2°C 14.5x0.8 1000 kWh
(T_supply=
24°C &
T _out= 28°C)

Recovered
Heat
energy
(kwWh)

592500

653000

700000

630000
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Offices

Ground floor

(Restaurant)

First floor
(Meeting
rooms +
Common
areas)

Required
ventilation
capacity
according to
occupant %

Required

Pressure (Pa)

Max.
amount of
air needed

per
function
(m3/h)

40,000

5,000

5,000

50,000

150

No. of
occupants
per
function

800

100

100

1000

Ventilation Capacity

10%

5%

5%

4500

32

5%

5%

5%

2500

24

5%

15%

10%

3250

27

Occupancy % per 3 hours

85%

85%

60%

41250

96

90%

90%

85%

44750

100

85%

85%

60%

41250

96

30%

70%

70%

19000

65

15%

30%

30%

9000

45

10%

5%

10%

4750

33

98



EWF HVAC Configuration
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Supply of 18°C air

Navigate, Site Untitled, Building 1, HVAC System, Air Loop, Air Loop Supply Side, Air Loop Setpoint Manager

Site || Components | Templates

5 R3S

Visualise | Heating design || Cooling design || Simulation Daylighting || Cost and Carbon

EI--CD Untitled Edit Setpoint manager -
=4 Building 1 -
=2 <HVAC Systems Setpoint manager
E| . Air Loop Setpoint Manager
: Air Loop Demand Side
3 Air Loop Supply Side 2
Air Loop AHU Marne Ajr Loop Setpoint Manager
;=2 Air Loop Setpoint Manag Type 1-Scheduled =
CHW Loop
HW Loo .
E% Zone Elzup Control variakle 1-Temperature -
-] Block1:Zonel . Always 18.0 C
I'_—'Im Block 1
- Zone 1
»
Daily Frequency
1/1/2002 - 12/31/2002, Daily Frequency
—— System Node Temperature, AIR LOOP SUPPLY SIDE OUTLET 1 - shriyaa
18.00015 |
18.00010 —|
18.00005 | m
18.00000 \ ‘ |
17.99995 |
17.99990 |
{ 1 1 i 1 1 I 1 1 i 1 1 f
Jan Apr Jul Oct Jan

100



Existing system without EWF daily simulation

Temperatures, Heat Gains and Energy Consumption - Provincie original situation, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Daily Evaluation

s Room Electricity ————= Lighting ms System Fans s System Pumps s Heating (Other fuels) -—sm Cooling (Electricity) s DHW (Gas) o Heat Rejection

800

E?!ullllll!!ﬁlih AR ‘ﬁﬂmﬁHQMﬁAﬂAdhgﬁﬁMhm 'l».!“L!

0

=

Fuel {kvvh}

=

]
17
| ——

40 s Ajr Temperature - Fadiant Temperature -—sm Operative Temperature - Cutside Dry-Bulb Temperature

30 -
2{] | = == E ._' =
10 —

Temperature ("G

o -

mms Exiernal Air = General Lighting -sssss Computer + Equip == Cccupancy ——= Solar Gains Exterior Windows messss 7one Sensible Heating --sssss Zone Sensible Cooling

500 -
ﬂ_p:up:_p:up:.p:u:p: === =0 == .‘='.,'='..='.='..'='.‘='1.=.|'=..='..'='..'='.*='L'.‘=..=.|‘=..=H=.;= = == = == == = = == R s R R R

-500 — {.J il U \\J

-1000 —
-1500 -

Heat Balance {kh)

1000 mmm Scensible Cooling oossss AHL Heating - Total Cooling —ssss Chiller Load

0 AN AN AAAAAM
-1000 —
-2000 —
-3000 —

Systemn Loads (Kvuh)

5 s [Vech Vent + Mat Vent + Infiltration

4
3 -
pr
1 - Sup j3 Y MatBode- St OsT Map. 24 O200k- Hhd QST

Tat al fresh air (ac/h)

2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Jan 2002 Day
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ENERGY CONSUMPTION: Without EWF

I- Energy Consumption without EWF

Primary Primary energy
Energy (kWh/m2/year)
(kWh/year)

Usable 17,640

Floor area
1 Space Heating 1,640,520 93
2 DHW 35,280 2
3 Cooling 740,880 42
4 \entilation 864,360 49
5 Production Equipment 88,200 5
6 Lighting 405,720
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Heeat Bakince ¢ Teanpe ral e () Fael §A)

Syl Lo §)

Tl fres b air Gucl)

New system with EWF daily simulation

EnergyPlus Output 1 Jan - 31 Dec, Daily Student
= Room Electricity ——= Lighting s Systemn Fans msssss Systern Pumps wsssss Auxiliary Energy wsssss Heating (Gas) w=sssm Cooling (Electricity)
600
400 i L l
u i ‘ | / J
200 T 15 "-F“!‘H =-.=' e — r.-u-.:u...:sn_p==-=ﬁ=|=!-ﬁy-n_-‘
AR & SretdlR R
. AAREANR lhﬂ PAARPOARRIY Y1 Illlllllll.l.l_. [ MDA A A 1 U
s Ajr Temperature wsssssm Radiant Temperature - Operative Temperature - Outside Dry-Bulb Temperature
4 [ A
20
10
mmmmm External Infiltration === General Lighting s Computer + Equip === Occupancy c——= Solar Gains Exterior Windows mmmm 7one Sensible Heating w==m Zone Sensible Cooling
1TSSl I RS AN I SISV A AR A PR Fa —'; |' 4 l 3=, .'_‘ -"| J= 1 |' 3 £S5, = 1—|, R el N e N B B i S B S S el S pa B B { =
0 SO A S NS IR, ) N NS S ¢ TN L Y N PR Y N N TR YN T Y '_. rl"_- H,_'H_m.. ‘ '.. O YT o), o e f el e ] e}
-500 -
s Sensible Cooling -esss AHU Heating w-sssss Total Cooling - Heat Recovery Sensible Heating ——— Heat Recovery Total Heating == Heat Recovery Sensible Cooling
mmmmm Heat Recovery Total Cooling - Chiller Load
1000 -
U IHM\HHW '.-'.v'-—ﬂ'-w—r -' 0] o 3 T | —— s MMF‘HHA.III’
A N S N N W L T N S N [ S e Y
-1000 - W v r \f
-2000 -
mmmm Mech Vent + Nat Vent + Infiltration
— —r— — A ey —
2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Jan 2002 Day
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ENERGY COMPARISON

Energy Consumption without EWF Energy consumption with -
EWF

Primary ! Primary Reduction %

energy energy
(kWh/m2) (kWh/m2)

Usable 17,640
Floor area
1 Space Heating 1,640,520 93 447,660 25.3 72%
2 DHW 35,280 2 35,280 2 -
3 Cooling 740,880 42 469,404 26.6 36%
4 Ventilation 864,360 49 322,400 18.3 62.7%
5 Production Equipment 88,200 5 88,200 5 -
6 Lighting 405,720 405,720
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Fuel (k)

Temperature (")

Improved system with EWF hourly simulation

EnergyFlus Output 1 Jan - 31 Dec, Hourly Evaluation
s Room Electricity ———— Lighting e System Fans o System Pumps - Auxiliary Energy - Heating (Gas) - Cooling (Electricity)
100 -
50 4
I 5 = 5
D [ L4 1 - ¥ L] - It oy ol il ol ¢ mhiniielominianin, wisn Bomiee  Jbinbininecimini. Jeinkiell Bisnbieeiiil el e W mm | Fp— 'y
mm Ajr Temperature - Badiant Temperature - COperative Temperature - Cutside Dry-Bulb Temperature
30
20
10
0

Herat Balance (k)

Syetem Loads (oiwn)

Total fresh air (acdh)

mmmw Exiernal Infiltration o= General Lighting -——s Computer + Equip === Occupancy = 5olar Gains Exterior Windows - Fone Sensible Heating - Fone Sensible Cooling

s Scrsible Cooling oossss AHU Heating s Total Cooling - Radiant + Convective Heating - Heat Recovery Sensible Heating ——— Heat Recovery Total Heating
s Heat Recovery Sensible Cooling == Heat Recovery Total Cooling == Chiller Load

f | \ech Vent + MNat \Vent + Infiltration
P o P g T T n - gy ok e e e e B T T T et i mtearterly

Mar 2002- Start DST Thu, 31 Cct 2002- End DST

Time/Date
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ENERGY COMPARISON: Improved EWF system

Energy Consumption without EWF Energy consumption with
Improved EWF

i Primary i Primary Reduction %
energy energy
(kWh/m2) (kWh/m2)

Usable 17,640

Floor area
1 Space Heating 1,640,520 93 574,524 32.6 64%
2 DHW 35,280 2 35,280 2 -
3 Cooling 740,880 42 385,290 21.8 48%
4 \entilation 864,360 49 323,100 18.3 62.7%
5 Production Equipment 88,200 5 88,200 5 -

6 Lighting 405,720 405,720
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PV Yield Calculations
Location South, SW, SE
Total Surface area

j ] 4350
available to install PV (m2)
PV Panel power (WP) 300
PV size/panel (m2) 1.5
Angle 35°
System size (kW) 400
Module material c-Si
Module efficiency 15%
PV Annual energy (kWh) 224076

Energy Consumption: Facade Option 1

Primary Ener
Y 2 Reduction Factor

(kWh)
Energy Consumed by EWF 1,768,664 -
PV Yield from Facade option 2 224076 -

Energy Reduction 1,544,588 12%
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PV Yield Calculations

Location South, SW, SE
Total Surface area

j j 4350
available to install PV (m2)
PV Panel power (WP) 300
PV size/panel (m2) 1.5
Angle 35°
System size (kW) 400
Module material c-Si
Module efficiency 15%
PV Annual energy (kWh) 150237

Energy Consumption: Facade Option 2
ana(r\yllvir)\ergy Reduction Factor

Energy Consumed by EWF 1,768,664 -
Energy Consumed by EWF: after refurbished facade 1,684,820
PV Yield from Facade option 2 150237 -

Energy Reduction 1,534,583 13%
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Thermal Insulation Improvements

R-Value Wall-Window Ratio
Existing Facade- Existing Facade- Refurbished Facade- Refurbished Facade- . .
. . Wall-Window Wall-Window
Opaque part complete unit Opaque part complete unit Ratio: Existin Ratio: Refurbihed
(m2K/W) (m2K/W) (m2K/W) (m2K/W) ' & '
4.2 2 5.9 3.6 75% 30%

Energy Consumption: Facade Option 3

Primary Ener
Y &Y Reduction Factor

(kwh)
Energy Consumed by EWF: before refurbished facade 1,768,664 -
Energy Consumed by EWF: after refurbished facade 1,654,616 -
PV Yield from Facade option 3 224076 -
Energy Reduction 1,430,540 19%
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Improved system with EWF and GSHP
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Improved system with EWF and GSHP daily simulation

Temperatures, Heat Gains and Energy Consumption - EWF test file, Building 1

EnergyPlus Cutput 1 Jan - 31 Dec, Daily Evaluation
s Room Electricity ——— Lighting s Systemn Fans osssss Systemn Pumps s Heating (Electricity) - Cooling (Electricity)
400
300
il
200 [ lllllllm.lllllllllll llllll.lll‘_
! """\'l'”""l"" ll‘l'llllllﬂlll lll‘llll AP
- h— F I \ ' L
s A Temperature --m Radiant Temperature  --—u Operative Temperature - Outside Dry-Bulb Temperature
20 - B o T - W W - - B 2 i 2 - ::'--:1;__. =) =
10 _[\AIA\\/\M\\—/\/\FW\»,\,{I
mmm External Infiltration  -oessss External Vent o General Lighting - Computer + Equip === Occupancy = SolarGains Exterior Windows == Zone Sensible Heating
m S0ne Sensible Cooling
g ] . N %, )
Y A S _"';'_F'-—_'-r"_'i_r‘"ﬂ"q'i"'-'"""-"i"‘_"-':
O RARAAITAATEI TN
s Scnsible Cooling oo AHU Heating - Total Cooling - Heat Recovery Sensible Heating ——— Heat Recovery Total Heating ---sssm Heat Recovery Sensible Cooling
s Heat Recovery Total Cooling
1000 —
P A VoW e W Vo WS PP ™
-1000 —
e  [Vech Vent + Mat Vent + Infiltration
7 -
6
o - FEt B D War BOOM Stbnt CIET u, 20024En¥D
2002 Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec
Jan 2002 Day

111



ENERGY COMPARISON: Refurbished Fagade option 3 with GSHP

Energy Consumption without EWF Energy consumption with
and with GSHP EWF and GSHP

Area i Primary i Primary Reduction %
(m2) energy energy
(kWh/m2) (kWh/m2)

Usable 17,640

Floor area
1 Heating 846,000 48 247,644 14.0 70%
2 DHW 35,280 2 35,280 2 -
3 Cooling 403,200 22.8 296,190 16.7 26.5%
4 \entilation 864,360 49 224,993 12.75 74%
5 Production Equipment 88,200 5 88,200 5 -

6 Lighting 405,720 405,720
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