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1. 22.09.2010 Deliverable 7
2. 03.05.2010 Deliverable 6
3. 05.02.2010 Deliverable 5
4.11.09.2009 Deliverable 4
5. 04.05.2009 Deliverable 3
6. 30.01.2009 Deliverable 2
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Summary of Changes

22.09.2010 Deliverable 8

1.Projekt Manual

COVER SHEET:

TABLE OF CONTENTS:

RULES AND BUILDING CODE

COMPLIANCE CHECKLIST:

CONSTRUCTION SPECIFICATIONS:

STRUCTURAL CALCULATIONS:

DETAILED WATER BUDGET:

SUMMARY OF UNLISTED ELECTRICAL
COMPONENTS:

SUMMARY OF RECONFIGURABLE FEATURES:

observed
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ELECTRICAL AND PHOTOVOLTAIC CHART:

COMPREHENSIVE ENERGY ANALYSIS
AND DISCUSSION REPORT:

CONTEST SUPPORT DOCUMENTS

Architecture Design Narrative:
Accoustic Report:

Lighting Design Narrative:
Engineering Design Narrative:
Solar Thermal System:
Photovoltaic System:

List of Appliances:
Communication Plan:
Industrialization and

Market Viability Report:
Sustainability Report:

Public tour Plan:

CONSTRUCTION COST ESTIMATE

AND PROJECT FINANCIAL SUMMARY:

DINNER PARTY MENU:

SITE OPERATIONS PLAN:

HEALTH AND SAFETY PLAN:

advanced

advanced

advanced

advanced

advanced

advanced

Summary of Changes
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2.Construction Drawings

As stated in Rule 26.2, the Construction Drawings are consistent with the SDEConstruction Drawings

formatting template and guidelines.

GENERAL (GE)

GE-001

GE-101

GE-102

GE-201

GE-301

GE-401

GE-402

GE-403
GE-404

COVER SHEET

SHEET LIST 1

SHEET LIST 2

GENERAL SYMBOLS

GENERAL ABBREVIATIONS

EXTERIOR RENDERING 1

EXTERIOR RENDERING 2

EXTERIOR RENDERING 3
EXTERIOR RENDERING 4

ARCHITECTURAL (AR)

AR-001a
AR-011f
AR-012f

AR-021f

AR-031b
AR-032d

AR-041b

AR-051b
AR-052b
AR-061
AR-062

VILLA SOLAR
SITE DESIGN
SITE TECHNICAL

FLOOR

ROOF DESIGN
ROOF TECHNICAL

MOVEABLE COMPONENTS

CONDITIONED SPACE
CONDITIONED VOLUME
SHADING STUDIES 1
SHADING STUDIES 2

adapted

apapted in addition to GE-101
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AR-063

AR-102f

AR-103f

AR-104f

AR-105f

AR-112b

AR-113b

AR-114b

AR-115b

AR-201g

AR-202 e

AR-21le

AR-212b

AR-213b

AR-301a
AR-302a
AR-303a
AR-304a
AR-305a
AR-306
AR-307
AR-308
AR-309

AR-311
AR-312

SHADING STUDIES 3

ELEVATION SITE NORTH
ELEVATION SITE EAST
ELEVATION SITE SOUTH
ELEVATION SITE WEST

ELEVATION BUILDING
NORTH

ELEVATION BUILDING
EAST

ELEVATION BUILDING
SOUTH

ELEVATION BUILDING
WEST

SECTION LONGITUDINAL
SOLAR CHIMNEY
SECTION LONGITUDINAL
VENTILATION TOWER

SECTION TRANSVERSAL
MODULE

SECTION TRANSVERSAL
CLIMATE GAP

SECTION TRANSVERSAL
VENTILATION TOWER

WINDOW SOUTH WALL 1
WINDOW SOUTH WALL 2
WINDOW SOUTH WALL 3
ENTRANCE DOOR 2
ENTRANCE DOOR 1
FIXED GLAZING 1
TERRACE DOOR 1
FIXED GLAZING 2
TERRACE DOOR 2

WINDOW NORTH WALL 1
WINDOW NORTH WALL 2

Summary of Changes
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AR-313

AR-322b
AR-332b
AR-342b

AR-351
AR-352
AR-353
AR-354
AR-355¢c

AR-356

AR-359
AR-360
AR-361a
AR-362a
AR-363a
AR-364a
AR-365
AR-366
AR-367
AR-368

AR-371
AR-373b

AR-374b_1

AR-374a_2
AR-375c
AR-376b
AR-377b
AR-378b
AR-379c
AR-380b

WINDOW NORTH WALL 3

FLOOR NORMED
ROOF NORMED
WALL NORMED

GAP 2+3

PLANTER 1 GAP 2+3
GAP 2

FLOOR GAP 2+3
OVERHEADGLAZING
GAP 2

PLANTER 2 GAP 2+3

VENTILATION TOWER 1
SOLAR CHIMNEY 1
SOLAR CHIMNEY 2
VENTILATION TOWER 2
VENTILATION TOWER 3
SOLAR CHIMNEY 3
SOLAR CHIMNEY 4
VENTILATION TOWER 4
VENTILATION TOWER 5
VENTILATION TOWER 6

INSULATION ROOF
SUBSTRUCTURE PV
OVERVIEW
SUBSTRUCTURE PV
DETAILS
SUBSTRUCTURE SECTIONS
VIP ROOF

VIP WALL EAST-WEST
VIP WALL NORTH-SOUTH
FLOOR

DETAILS

PVT

AR-395 HAND RAIL DETAILS
AR-396 HAND RAIL SECTIONS
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BIOCLIMATIC ANALYSIS (BA)

BA-001
BA-002
BA-003
BA-004
BA-005
BA-006
BA-007
BA-008
BA-009

INTERIORS (IN)

IN-001a
IN-002a
IN-003a
IN-010a
IN-020b
IN-030a

IN-100a

IN-101

IN-102a

IN-103

IN-201_202c

IN-203_204e

IN-301a

IN-302a

IN-303a

IN-401c

EAST SUN

SUN SUMMER

SUN WINTER

CROSS VENTILATION
AIR PREHEATING
VENTILATION TOWER 1
VENTILATION TOWER 2
WATER USE NIGHT
WATER USE DAY

FLOOR 1
FLOOR 2
FLOOR 3
FLOOR - FURNISHING 1
FLOOR - FURNISHING 2
FLOOR - FURNISHING 3

REFLECTED CEILING
REFLECTED CEILING PCM
BOARD + GYPSUM
PLASTER BOARD
REFLECTED CEILING

PCM + GPB

REFLECTED CEILING
DETAILS

ELEVATIONS 1
ELEVATIONS 2

FURNISHING LOGGIA 1
FURNISHING LOGGIA 2
FURNISHING LOGGIA 3

FURNISHING LIVING
_FACILITIES 1

advanced

advanced

added

Summary of Changes
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IN-402d

IN-403c

IN-500a

IN-501b

IN-502¢c

IN-503b

IN-600a

IN-601c

IN-602c

IN-603b

IN-701

IN-1001

IN-1003a

IN-1004a

IN-1005a

IN-1008a

IN-1009a

IN-1010

STRUCTURAL (ST)

ST-001a-002a
ST-011f

FURNISHING LIVING

_FACILITIES 2

FURNISHING LIVING

_FACILITIES 3

KITCHEN PLAN
FURNISHING DINING

_KITCHEN 1

FURNISHING DINING

_KITCHEN 2

FURNISHING DINING

_KITCHEN 3

BATHPLAN
FURNISHING BEDROOM

_BATH 1

FURNISHING BEDROOM

_BATH 2

FURNISHING BEDROOM

_BATH 3

INTERIOR RENDERING

DETAIL
FURNISHING FITTINGS

DETAIL LOGGIAWEST 1

DETAIL LOGGIA WEST 2

DETAIL LOGGIAWEST 3

DETAIL

SWITACHABLE GLAZING 1

DETAIL

SWITACHABLE GLAZING 2

COLLECTOR PAN

SUBSTRUCTURE
BOTTOM VIEW OF FLOOR
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ST-012]

ST-101g

ST-112i
ST-113h
ST-114e

ST-301d

ST-302

ST-303

ST-304i

ST-305

ST-306f

ST-307

ST-311a-313a

01

02

03

04

05
06

07
08

AND ROOF
SUBCARRIER IN THE
FLOOR

SECTIONS B-B, E-E, J-J

SECTIONS H-H, I-I
SECTIONS F-F, G-G
SECTIONS C-C, D-D

DETAIL 1
DETAIL 2
DETAIL 3, 4
DETAIL 5,11, 12
DETAIL 6, 7
DETAIL 8, 9, 10

PICTURE OF OUR HOUSE

DETAIL 15 FOUNDATION

ASSEMBLYPLAN
FOUNDATION 1
ASSEMBLYPLAN
FOUNDATION 2
DETAILS FOUNDATION
ELEMENTS 1

DETAILS FOUNDATION
ELEMENTS 2
TERRACE OVERVIEW
ASSEMBLYPLAN
TERRACE

RAMPPLAN
TANKFURNITURE

FIRE PROTECTION (FP)

FP-001b

FIRE PROTECTION

Summary of Changes
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FP-002c DURING ASSEMBLY -
FP-003 CEILING -
PLUMBING (PL)
PL-001 SUPPLY AND REMOVAL -
PL-011 GREY WATER -
PL-021 WATER SUPPLY -
PL-022 WATERTANKS -
PL-023 SUMMARY GUIDANCE -
PL-032b COOLING WATER TANK -
PL-033c FRESHWATER TANKS -
PL-034b GREYWATER TANK -

SOLAR WATER HEATING (SW)

SW-002 SCHEMATIC DIAGRAM -
SW-003 SCHEMATIC DIAGRAM
_HEAT SINK TANK -

MECHANICAL (ME)

ME-011 HVAC EQUIPMENT -

ME-021 HEATING -
ME-031 COOLING -
ME-041 VENTILATION -
ME-100 ROOM ELEVATION -
ME-101 TECHNOLOGY BOX -
ME-102 MANAGEMENT GUIDANCE

_ELEVATION -
ME-205 HEATPUMP - HEATING

MODE -
ME-206 HEATPUMP - COOLING MODE -
ME-211a HEATING MODE CASE 6 -
ME-212a HEATING MODE CASE 7 -
ME-214a HEATING MODE CASE 8 -
ME-221a COOLING MODE CASE 1 -
ME-222a COOLING MODE CASE 2 -
ME-223a COOLING MODE CASE 3 -
ME-224a COOLING MODE CASE 4a -
ME-225a COOLING MODE CASE 4b -
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ME-226a

ELECTRICAL (EL)

EL-301

EL-401g

EL-403

EL-501

EL-601

COOLING MODE CASE 5

POWER PLAN

LIGHTING PLAN

PRELIMINARY LIGHTING

PLAN

ONE_LINE DIAGRAMM

AC CIRCUIT LAYOUT

SOLAR SYSTEMS (SS) PHOTOVOLTAIC SYSTEM

SS-001

SS-0lla

SS-012a

SS-013a

SS-031

SS-041

TELECOMMUNICATIONS AND BUILDING AUTOMATIZATION SYSTEM (BAS)

BAS-001a

BAS-101

BAS-101

SIGGI

PV SYSTEM: GENERAL
Page 1-4

PHOTOVOLTAIC SYSTEM:
DC ROOF
PHOTOVOLTAIC SYSTEM:
DC EAST

PHOTOVOLTAIC SYSTEM:
DC WEST
PHOTOVOLTAIC SYSTEM:
GROUNDING
PHOTOVOLAIC SYSTEM:
EQUIPMENT

WIRING PLAN BUILDING
AUTOMATIZATION
SCHEMATIC DIAGRAM

BUILDING AUTOMATIZATION

_cover
SCHEMATIC DIAGRAM

BUILDING AUTOMATIZATION

added only german possible

Summary of Changes
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SITE OPERATIONS (SO)

S0O-001c

S0O-101d

SO-201e
S0-202e
S0O-203e
S0O-204e
S0O-205e
S0O-206e
S0O-207e
S0-208e

SO-211b
S0-212b
S0-213b
SO-214b

S0-300
S0-301
S0-302
S0-303
S0O-304
S0-305
S0-306
S0O-307

S0-310
SO-311
S0-312

S0-320
S0-321
S0-330
S0-331
S0-340
S0-401b
S0-402b

OUTSIDE LOGISTIC

INSIDE LOGISTIC

UNLOAD + ASSEMBLY 1
UNLOAD + ASSEMBLY 2
UNLOAD + ASSEMBLY 3
ASSEMBLY 4
ASSEMBLY 5
ASSEMBLY 6
ASSEMBLY 7
ASSEMBLY 8

UNLOAD + DISASSEMBLY 1

LOAD + DISASSEMBLY 2
LOAD + DISASSEMBLY 3
LOAD + DISASSEMBLY 4

STEP 1 OVERVIEW
STEP 1 FOUNDATION
STEP la-c FOUNDATION
STEP 1d-f FOUNDATION
STEP 1g-i FOUNDATION
STEP 1j-| FOUNDATION
STEP 1m-o FOUNDATION
STEP 1p-r FOUNDATION

STEP 2 OVERVIEW
STEP 2a-d MODULES
STEP 2 DETAILED

STEP 3 OVERVIEW
STEP 3a-d GAPS
STEP 4 OVERVIEW
STEP 4 TERRACE
STEP 5 PV
OPERATIONS CHART
LOGISTIC PLANNING

advanced

advanced
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HEALTH AND SAFETY (HS)

HS-001c LOT - SURROUNDING -
HS- 101 ASSEMBLY 01 -
HS- 102 ASSEMBLY 02 -
HS- 103 ASSEMBLY 03 -
HS- 104 ASSEMBLY 04 -
HS- 105 ASSEMBLY 05 -
HS- 106 ASSEMBLY 06 -
HS- 107 ASSEMBLY 07 -
HS- 107 ASSEMBLY 08 -

PUBLIC TOUR (PT)

PT-001b SITE ACCESIBILITY -
PT-101d PUBLIC EXHIBITION PLAN -
PT-201b EXIHIBITON ELEVATIONS 1 -
PT-202b EXHIBITIONS ELEVATIONS 2 -

INSTRUMENTATION (PI)

P1-001a WIRERING ROUTE_SITE -
PI-101b INSTRUMENTATION

FLOOR PLAN -
P1-102 MONITORING HFT -
P1-103a WIRING ROUTE_ FLOOR -
P1-201a INSTRUMENTATION

SECTION LONGITUDINAL -

3. Simulation Input Report: added

4. Project Summary # 4 advanced

5. Compilation of communications added
documents

Summary of Changes



homet

Summary of Changes

03.05.2010 Deliverable 7

1.Projekt Manual

COVER SHEET:

TABLE OF CONTENTS:

RULES AND BUILDING CODE

COMPLIANCE CHECKLIST:

CONSTRUCTION SPECIFICATIONS:

STRUCTURAL CALCULATIONS:

DETAILED WATER BUDGET:

SUMMARY OF UNLISTED ELECTRICAL
COMPONENTS:

SUMMARY OF RECONFIGURABLE FEATURES:

new designed

observed

advanced

advanced

advanced

note added

advanced

advanced
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ELECTRICAL AND PHOTOVOLTAIC CHART:

COMPREHENSIVE ENERGY ANALYSIS
AND DISCUSSION REPORT:

CONTEST SUPPORT DOCUMENTS:

Architecture Design Narrative:
Accoustic Report:

Lighting Design Narrative:
Engineering Design Narrative:
Solar Thermal System:
Photovoltaic System:

List of Appliances:
Communication Plan:
Industrialization and

Market Viability Report:
Sustainability Report:

Public tour Plan:

CONSTRUCTION COST ESTIMATE

AND PROJECT FINANCIAL SUMMARY:

DINNER PARTY MENU:

SITE OPERATIONS PLAN:

HEALTH AND SAFETY PLAN:

advanced

advanced

advanced
advanced
advanced
advanced
advanced
advanced
advanced

advanced

advanced
advanced

advanced

advanced

advanced

advanced

Summary of Changes
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2.Construction Drawings

As stated in Rule 26.2, the Construction Drawings are consistent with the SDEConstruction Drawings

formatting template and guidelines.

GENERAL (GE)

GE-001

GE-101

GE-102

GE-201

GE-301

GE-401

GE-402

GE-403
GE-404

COVER SHEET

SHEET LIST 1

SHEET LIST 2

GENERAL SYMBOLS

GENERAL ABBREVIATIONS

EXTERIOR RENDERING 1

EXTERIOR RENDERING 2

EXTERIOR RENDERING 3
EXTERIOR RENDERING 4

ARCHITECTURAL (AR)

AR-001a
AR-011f
AR-012f

AR-021f

AR-031b
AR-032d

AR-041b

AR-051b
AR-052b
AR-061
AR-062

VILLA SOLAR
SITE DESIGN
SITE TECHNICAL

FLOOR

ROOF DESIGN
ROOF TECHNICAL

MOVEABLE COMPONENTS

CONDITIONED SPACE
CONDITIONED VOLUME
SHADING STUDIES 1
SHADING STUDIES 2

new designed

advanced

added in addition to GE-101

adapted

new designed
new designed
new designed

new designed

advanced

advanced

advanced

advanced

advanced

adapted

adapted
adapted
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AR-063

AR-102f

AR-103f

AR-104f

AR-105f

AR-112b

AR-113b

AR-114b

AR-115b

AR-201g

AR-202 e

AR-21le

AR-212b

AR-213b

AR-301a
AR-302a
AR-303a
AR-304a
AR-305a
AR-306
AR-307
AR-308
AR-309

AR-311
AR-312

SHADING STUDIES 3

ELEVATION SITE NORTH
ELEVATION SITE EAST
ELEVATION SITE SOUTH
ELEVATION SITE WEST

ELEVATION BUILDING
NORTH

ELEVATION BUILDING
EAST

ELEVATION BUILDING
SOUTH

ELEVATION BUILDING
WEST

SECTION LONGITUDINAL
SOLAR CHIMNEY
SECTION LONGITUDINAL
VENTILATION TOWER

SECTION TRANSVERSAL
MODULE

SECTION TRANSVERSAL
CLIMATE GAP

SECTION TRANSVERSAL
VENTILATION TOWER

WINDOW SOUTH WALL 1
WINDOW SOUTH WALL 2
WINDOW SOUTH WALL 3
ENTRANCE DOOR 2
ENTRANCE DOOR 1
FIXED GLAZING 1
TERRACE DOOR 1
FIXED GLAZING 2
TERRACE DOOR 2

WINDOW NORTH WALL 1
WINDOW NORTH WALL 2

advanced

advanced

advanced

advanced

adapted

adapted

adapted

adapted

advanced

advanced

advanced

advanced

advanced

advanced

advanced

advanced

Summary of Changes
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AR-313

AR-322b
AR-332b
AR-342b

AR-351
AR-352
AR-353
AR-354
AR-355¢c

AR-356

AR-359
AR-360
AR-361a
AR-362a
AR-363a
AR-364a
AR-365
AR-366
AR-367
AR-368

AR-371
AR-373b

AR-374b_1

AR-374a_2
AR-375c
AR-376b
AR-377b
AR-378b
AR-379c
AR-380b

WINDOW NORTH WALL 3

FLOOR NORMED
ROOF NORMED
WALL NORMED

GAP 2+3

PLANTER 1 GAP 2+3
GAP 2

FLOOR GAP 2+3
OVERHEADGLAZING
GAP 2

PLANTER 2 GAP 2+3

VENTILATION TOWER 1
SOLAR CHIMNEY 1
SOLAR CHIMNEY 2
VENTILATION TOWER 2
VENTILATION TOWER 3
SOLAR CHIMNEY 3
SOLAR CHIMNEY 4
VENTILATION TOWER 4
VENTILATION TOWER 5
VENTILATION TOWER 6

INSULATION ROOF
SUBSTRUCTURE PV
OVERVIEW
SUBSTRUCTURE PV
DETAILS

SUBSTRUCTURE SECTIONS

VIP ROOF

VIP WALL EAST-WEST
VIP WALL NORTH-SOUTH
FLOOR

DETAILS

PVT

AR-395 HAND RAIL DETAILS
AR-396 HAND RAIL SECTIONS

advanced

advanced
advanced

advanced

advanced

advanced

advanced
advanced
advanced
advanced
advanced
advanced
advanced
advanced
advanced

advanced

added

advanced

advanced
added

advanced

advanced
added
added
added
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BIOCLIMATIC ANALYSIS (BA)

BA-001
BA-002
BA-003
BA-004
BA-005
BA-006
BA-007
BA-008
BA-009

INTERIORS (IN)

IN-001a
IN-002a
IN-003a
IN-010a
IN-020b
IN-030a

IN-100

IN-101

IN-102

IN-201_202c

IN-203_204e

IN-301a

IN-302a

IN-303a

IN-401c

IN-402d

EAST SUN

SUN SUMMER

SUN WINTER

CROSS VENTILATION
AIR PREHEATING
VENTILATION TOWER 1
VENTILATION TOWER 2
WATER USE NIGHT
WATER USE DAY

FLOOR 1
FLOOR 2
FLOOR 3
FLOOR - FURNISHING 1
FLOOR - FURNISHING 2
FLOOR - FURNISHING 3

REFLECTED CEILING

REFLECTED CEILING PCM

BOARD + GYPSUM
PLASTER BOARD
REFLECTED CEILING
PCM + GPB

ELEVATIONS 1
ELEVATIONS 2

FURNISHING LOGGIA 1
FURNISHING LOGGIA 2
FURNISHING LOGGIA 3

FURNISHING LIVING
_FACILITIES 1
FURNISHING LIVING
_FACILITIES 2

advanced

added

advanced

advanced

advanced

advanced

advanced

advanced

advanced

Summary of Changes
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IN-403c

IN-500a

IN-501b

IN-502¢c

IN-503b

IN-600a

IN-601c

IN-602c

IN-603b

IN-701

IN-1001

IN-1003a

IN-1004a

IN-1005a

IN-1008a

IN-1009a

IN-1010

STRUCTURAL (ST)

ST-001a-002a
ST-011f

ST-012]

FURNISHING LIVING
_FACILITIES 3

KITCHEN PLAN
FURNISHING DINING
_KITCHEN 1
FURNISHING DINING
_KITCHEN 2
FURNISHING DINING
_KITCHEN 3

BATHPLAN
FURNISHING BEDROOM
_BATH1
FURNISHING BEDROOM
_BATH 2
FURNISHING BEDROOM
_BATH 3

INTERIOR RENDERING

DETAIL
FURNISHING FITTINGS

DETAIL LOGGIAWEST 1
DETAIL LOGGIA WEST 2
DETAIL LOGGIAWEST 3

DETAIL

SWITACHABLE GLAZING 1
DETAIL

SWITACHABLE GLAZING 2
COLLECTOR PAN

SUBSTRUCTURE
BOTTOM VIEW OF FLOOR
AND ROOF

SUBCARRIER IN THE

advanced

advanced

adnanced

advanced

advanced

advanced

advanced

advanced

advanced

new designed

added

added

added

added

added

added
added
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FLOOR advanced
ST-101g SECTIONS B-B, E-E, J-J -
ST-112i SECTIONS H-H, I-I advanced
ST-113h SECTIONS F-F, G-G added
ST-114e SECTIONS C-C, D-D -
ST-301d DETAIL 1 -
ST-302 DETAIL 2 -
ST-303 DETAIL 3, 4 -
ST-304i DETAIL 5,11, 12 -
ST-305 DETAIL 6, 7 -
ST-306f DETAIL 8, 9, 10 -
ST-307 PICTURE OF OUR HOUSE -

ST-311a-313a DETAIL 15 FOUNDATION -

01 ASSEMBLYPLAN

FOUNDATION 1 added
02 ASSEMBLYPLAN

FOUNDATION 2 added
03 DETAILS FOUNDATION

ELEMENTS 1 added
04 DETAILS FOUNDATION

ELEMENTS 2 added
05 TERRACE OVERVIEW added
06 ASSEMBLYPLAN

TERRACE added
07 RAMPPLAN added
08 TANKFURNITURE added

FIRE PROTECTION (FP)

FP-001b FIRE PROTECTION advanced

FP-002c DURING ASSEMBLY added

Summary of Changes
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FP-003 CEILING added

PLUMBING (PL)

PL-001 SUPPLY AND REMOVAL added
PL-011 GREY WATER added
PL-021 WATER SUPPLY added
PL-022 WATERTANKS added
PL-023 SUMMARY GUIDANCE added
—P83+——MEO01-041- CONBDUHF—added
PL-032b COOLING WATER TANK advanced
PL-033c FRESHWATER TANKS advanced
PL-034b GREYWATER TANK advanced
renamed:
—PE18— SCHEMAHC BDIAGRAMM-
CASE+R added ( see ME-211)

dded ( see ME-212)

W0
p ]
[00)
m
N
D

dded ( see ME-213)

o
p ]
0]
m
I~
[« )]

dded ( see ME-221)

W0
p ]
[00)
m
q
D

dded ( see ME-222)

W0
p ]
[00)
m
P
D

dded ( see ME-223)

o )]

CASES added ( see ME-224)
——PE169—SCHEMATIC DIAGRANMM-
CASES added ( see ME-225)

SOLAR WATER HEATING (SW)

—SW-861—SOEAR WATER HEATING—advanced

SW-002 SCHEMATIC DIAGRAM added
SW-003 SCHEMATIC DIAGRAM
_HEAT SINK TANK added

MECHANICAL (ME)

ME-011 HVAC EQUIPMENT added
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ME-021
ME-031
ME-041
ME-100
ME-101
ME-102

ME-205

ME-206

ME-211a
ME-212a
ME-214a
ME-221a
ME-222a
ME-223a
ME-224a
ME-225a
ME-226a

ELECTRICAL (EL)

HEATING

COOLING

VENTILATION

ROOM ELEVATION
TECHNOLOGY BOX
MANAGEMENT GUIDANCE
_ELEVATION

HEATPUMP - HEATING
MODE

added
added
added
added
added

added

added

HEATPUMP - COOLING MODE added

HEATING MODE CASE 6
HEATING MODE CASE 7
HEATING MODE CASE 8
COOLING MODE CASE 1
COOLING MODE CASE 2
COOLING MODE CASE 3
COOLING MODE CASE 4a
COOLING MODE CASE 4b
COOLING MODE CASE 5

Renamed, see SOLAR SYSTEMS drawings
—F-16ta— PV WRING ROOF——advanced

added
added
added
added
added
added
added
added
added

EL-301

EL-401g
EL-403

POWER PLAN

LIGHTING PLAN
PRELIMINARY LIGHTING
PLAN

advanced

added

Summary of Changes
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EL-501 ONE_LINE DIAGRAMM

EL-601 AC CIRCUIT LAYOUT

SOLAR SYSTEMS (SS) PHOTOVOLTAIC SYSTEM

SS-001 PV SYSTEM: GENERAL
Page 1-4

SS-011a PHOTOVOLTAIC SYSTEM:
DC ROOF

SS-012a PHOTOVOLTAIC SYSTEM:
DC EAST

SS-013a PHOTOVOLTAIC SYSTEM:
DC WEST

SS-021 PHOTOVOLTAIC SYSTEM:
AC

SS-031 PHOTOVOLTAIC SYSTEM:
GROUNDING

SS-041 PHOTOVOLAIC SYSTEM:
EQUIPMENT

SS-101 THERMAL SYSTEM

added

added

added

added

see SS-001 and EL-501

added

added

see Plumbing plans for PV/T circulation

TELECOMMUNICATIONS AND BUILDING AUTOMATIZATION SYSTEM (BAS)

BAS-001a WIRING PLAN BUILDING
AUTOMATIZATION

BAS-101 SCHEMATIC DIAGRAM
BUILDING AUTOMATIZATION
_cover

BAS-101 SCHEMATIC DIAGRAM

BUILDING AUTOMATIZATION

SIGGI

SITE OPERATIONS (SO)

advanced

added

added only german possible
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S0O-001c

S0O-101d

SO-201e
S0O-202e
S0O-203e
SO-204e
SO-205e
S0O-206e
SO-207e
S0O-208e

SO-211b
S0-212b
S0-213b
SO-214b

S0-300
S0-301
S0-302
S0-303
S0O-304
S0-305
S0O-306
S0O-307

S0-310
SO-311
S0-312

S0-320
S0-321

S0-330
S0-331
S0-340
S0-401
S0-402

OUTSIDE LOGISTIC

INSIDE LOGISTIC

UNLOAD + ASSEMBLY 1
UNLOAD + ASSEMBLY 2
UNLOAD + ASSEMBLY 3
ASSEMBLY 4
ASSEMBLY 5
ASSEMBLY 6
ASSEMBLY 7
ASSEMBLY 8

UNLOAD + DISASSEMBLY 1

LOAD + DISASSEMBLY 2
LOAD + DISASSEMBLY 3
LOAD + DISASSEMBLY 4

STEP 1 OVERVIEW
STEP 1 FOUNDATION
STEP la-c FOUNDATION
STEP 1d-f FOUNDATION
STEP 1g-i FOUNDATION
STEP 1j-| FOUNDATION
STEP 1m-o FOUNDATION
STEP 1p-r FOUNDATION

STEP 2 OVERVIEW
STEP 2a-d MODULES
STEP 2 DETAILED

STEP 3 OVERVIEW
STEP 3a-d GAPS

STEP 4 OVERVIEW
STEP 4 TERRACE
STEP 5 PV
OPERATIONS CHART
LOGISTIC PLANNING

advanced

advanced

advanced
advanced
advanced
advanced
advanced
advanced
advanced

advanced

added
added
added
added

added
added
added
added
added
added
added
added

added
added
added

added
added

added
added
added
advanced

advanced
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HEALTH AND SAFETY (HS)

HS-001c LOT - SURROUNDING advanced
HS-26ta—INSIBELOGISHE——fenamed- (see FP - 002c DURING ASSEMBLY)
HS- 101 ASSEMBLY 01 added

HS- 102 ASSEMBLY 02 added

HS- 103 ASSEMBLY 03 added

HS- 104 ASSEMBLY 04 added

HS- 105 ASSEMBLY 05 added

HS- 106 ASSEMBLY 06 added

HS- 107 ASSEMBLY 07 added

HS- 107 ASSEMBLY 08 added

PUBLIC TOUR (PT)

PT-001b SITE ACCESIBILITY advanced
PT-101d PUBLIC EXHIBITION PLAN advanced
PT-201b EXIHIBITON ELEVATIONS 1  advanced
PT-202b EXHIBITIONS ELEVATIONS 2 advanced

INSTRUMENTATION (PI)

P1-001a WIRERING ROUTE_SITE advanced
PI-101b INSTRUMENTATION

FLOOR PLAN -
P1-102 MONITORING HFT added
P1-103a WIRING ROUTE_ FLOOR added
P1-201a INSTRUMENTATION

SECTION LONGITUDINAL advanced

3. Electric and Photovoltaic chart: added in Project Manual

4. Project Summary # 3 advanced
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Summary of Changes

05.02.2010 Deliverable 5

1.Projekt Manual

COVER SHEET:

TABLE OF CONTENTS:

RULES AND BUILDING CODE
COMPLIANCE CHECKLIST:

CONSTRUCTION SPECIFICATIONS:

STRUCTURAL CALCULATIONS:

DETAILED WATER BUDGET:

SUMMARY OF UNLISTED ELECTRICAL
COMPONENTS:

new designed

observed

added

advanced

advanced

advanced

added
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SUMMARY OF RECONFIGURABLE FEATURES:

ELECTRICAL AND PHOTOVOLTAIC CHART:

COMPREHENSIVE ENERGY ANALYSIS
AND DISCUSSION REPORT:

CONTEST SUPPORT DOCUMENTS:

Architecture Design Narrative:
Accoustic Report:

Lighting Design Narrative:
Engineering Design Narrative:
Solar Thermal System:
Photovoltaic System:

List of Appliances and
Equipment Specifications:
Communication Plan:
Industrialization and

Market Viability Report:
Sustainability Report:

Public tour Plan:

CONSTRUCTION COST ESTIMATE

AND PROJECT FINANCIAL SUMMARY:

DINNER PARTY MENU:

SITE OPERATIONS PLAN:

advanced

added

advanced

advanced
advanced
advanced
advanced
advanced

advanced

advanced

advanced

advanced
advanced

advanced

not required for this deliverable

advanced

This part is actually in process and will be handed in later (till Monday 15.02.2010). Please just work the later

handed informations in the General Site Operations Plan. Kindly excuse this retardation, we have to include

all new informations of the competition calendar in our planning of the Site Operations.

HEALTH AND SAFETY PLAN:

advanced
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2.Construction Drawings

As stated in Rule 26.2, the Construction Drawings are consistent with the SDEConstruction Drawings
formatting template and guidelines.

This is a general update compared with Deliverable #4.

All drawings are renamed by this code.

The layout contains a new header.

GENERAL (GE)

GE-001 COVER SHEET new designed
GE-101 SHEET LIST advanced
GE-201 GENERAL SYMBOLS advanced
GE-301 GENERAL ABBREVIATIONS advanced
GE-401 EXTERIOR RENDERING 1 added
GE-402 EXTERIOR RENDERING 2 added

ARCHITECTURAL (AR)

AR-001a VILLA SOLAR added
AR-01le SITE DESIGN advanced
AR-012e SITE TECHNICAL advanced
AR-021e FLOOR advanced
AR-031b ROOF DESIGN advanced
AR-032 ROOF TECHNICAL added
AR-041a MOVEABLE COMPONENTS advanced
AR-051a CONDITIONED SPACE advanced
AR-052a CONDITIONED VOLUME advanced
AR-061 SHADING STUDIES 1 added
AR-062 SHADING STUDIES 2 added
AR-063 SHADING STUDIES 3 added
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AR-102e
AR-103e
AR-104e
AR-105e

AR-112a

AR-113a

AR-114a

AR-115a

AR-201d

AR-202d

AR-211d

AR-212a

AR-213a

AR-301a
AR-302a
AR-303a
AR-304a
AR-305a
AR-306
AR-307
AR-308
AR-309

AR-311
AR-312
AR-313

ELEVATION SITE NORTH
ELEVATION SITE EAST
ELEVATION SITE SOUTH
ELEVATION SITE WEST

ELEVATION BUILDING
NORTH

ELEVATION BUILDING
EAST

ELEVATION BUILDING
SOUTH

ELEVATION BUILDING
WEST

SECTION LONGITUDINAL
SOLAR CHIMNEY
SECTION LONGITUDINAL
VENTILATION TOWER

SECTION TRANSVERSAL
MODULE

SECTION TRANSVERSAL
CLIMATE GAP

SECTION TRANSVERSAL
VENTILATION TOWER

WINDOW SOUTH WALL 1
WINDOW SOUTH WALL 2
WINDOW SOUTH WALL 3
ENTRANCE DOOR 2
ENTRANCE DOOR 1
FIXED GLAZING 1
TERRACE DOOR 1
FIXED GLAZING 2
TERRACE DOOR 2

WINDOW NORTH WALL 1
WINDOW NORTH WALL 2
WINDOW NORTH WALL 3

advanced
advanced
advanced

advanced

advanced

advanced

advanced

advanced

advanced

advanced

advanced

advanced

advanced

advanced
advanced
advanced
added
added
added
added
added
added

added
added
added
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AR-322a

AR-332a
AR-342a

AR-351
AR-352
AR-353
AR-354
AR-355

AR-356

AR-359
AR-360
AR-361a
AR-362a
AR-363a
AR-364a
AR-365
AR-366
AR-367
AR-368

AR-373a

AR-374a

AR-375b
AR-376b
AR-377b
AR-378a
AR-379c

FLOOR NORMED

ROOF NORMED
WALL NORMED

GAP 2+3

PLANTER 1 GAP 2+3
GAP 2

FLOOR GAP 2+3
OVERHEADGLAZING
GAP 2

PLANTER 2 GAP 2+3

VENTILATION TOWER 1
SOLAR CHIMNEY 1
SOLAR CHIMNEY 2
VENTILATION TOWER 2
VENTILATION TOWER 3
SOLAR CHIMNEY 3
SOLAR CHIMNEY 4
VENTILATION TOWER 4
VENTILATION TOWER 5
VENTILATION TOWER 6

SUBSTRUCTURE PV
OVERVIEW
SUBSTRUCTURE PV
DETAILS

VIP ROOF

VIP WALL EAST-WEST
VIP WALL NORTH-SOUTH
FLOOR

DETAILS

BIOCLIMATIC ANALYSIS (BA)

BA-001
BA-002
BA-003
BA-004

FLOOR EAST SUN
SECTION SUN SUMMER
SECTION SUN WINTER
CROSS VENTILATION

advanced

advanced

advanced

added
added
added
added

added
added

added
added
added
added
added
added
added
added
added
added

added

added
added
added
added
added
added

added
added
added
added
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BA-005
BA-006
BA-007
BA-008
BA-009

INTERIORS (IN)
IN-001a
IN-002a
IN-003a
IN-010a
IN-020a

IN-030a

IN-100
IN-101

IN-201_202a
IN-203_204a

IN-301

IN-302

IN-303

IN-401

IN-402

IN-403

IN-500

IN-501

IN-502

AIR PREHEATING
VENTILATION TOWER 1
VENTILATION TOWER 2
WATER USE NIGHT
WATER USE DAY

FLOOR 1
FLOOR 2
FLOOR 3
FLOOR - FURNISHING 1
FLOOR - FURNISHING 2
FLOOR - FURNISHING 3

REFLECTED CEILING

REFLECTED CEILING PCM

BOARD + GYPSUM
PLASTER BOARD

ELEVATIONS 1
ELEVATIONS 2

FURNISHING LOGGIA 1
FURNISHING LOGGIA 2
FURNISHING LOGGIA 3

FURNISHING LIVING
_FACILITIES 1
FURNISHING LIVING
_FACILITIES 2
FURNISHING LIVING
_FACILITIES 3

KITCHEN PLAN
FURNISHING DINING
_KITCHEN 1
FURNISHING DINING
_KITCHEN 2

added
added
added
added
added

added
added
added
added
added
added

added

added

advanced

advanced

added

added

added

added

added

added

added

added

added
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IN-503

IN-600

IN-601

IN-602

IN-603

IN-701

STRUCTURAL (ST)

ST-001a-002a
ST-011f

ST-012g

ST-101g

ST-112f
ST-114e

ST-301d
ST-302
ST-303
ST-304i
ST-305
ST-306f
ST-307

FURNISHING DINING
_KITCHEN 3

BATHPLAN
FURNISHING BEDROOM
_BATH1

FURNISHING BEDROOM
_BATH 2

FURNISHING BEDROOM
_BATH 3

INTERIOR RENDERING

SUBSTRUCTURE
BOTTOM VIEW OF FLOOR
AND ROOF
SUBCARRIER IN THE
FLOOR

SECTIONS B-B, E-E, J-J

SECTIONS H-H, I-I
SECTIONS C-C, D-D

DETAIL 1

DETAIL 2

DETAIL S, 4

DETAIL 5,11, 12
DETAIL 6, 7

DETAIL 8, 9, 10

PICTURE OF OUR HOUSE

ST-311a-313a DETAIL 15 FOUNDATION

FIRE PROTECTION (FP)

FP-001a fire protection

added

added

added

added

added

added

added

advanced

added

advanced

advanced
added

advanced
added
added
added
added
added
added

added

advanced
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PLUMBING (PL)

PL-031, ME 001-041 CONDUIT added
PL-032a COOLING WATER TANK added
PL-033a FRESHWATER TANKS added
PL-034a GREYWATER TANK added

PL-101 SCHEMATIC DIAGRAMM CASE 1 added
PL-102 SCHEMATIC DIAGRAMM CASE 2 added
PL-103 SCHEMATIC DIAGRAMM CASE 3 added
PL-104 SCHEMATIC DIAGRAMM CASE 4 added
PL-105 SCHEMATIC DIAGRAMM CASE 5 added
PL-106 SCHEMATIC DIAGRAMM CASE 6 added
PL-107 SCHEMATIC DIAGRAMM CASE 7 added
PL-108 SCHEMATIC DIAGRAMM CASE 8 added
PL-109 SCHEMATIC DIAGRAMM CASE 9 added

SOLAR WATER HEATING (SW)

SW-001 SOLAR WATER HEATING advanced

MECHANICAL (ME)

ME-101 ROOM ELEVATION advanced

ELECTRICAL (EL)

EL-101 PV WIRING ROOF added
EL-102 PV WIRING EAST FACADE added
EL-103 PV WIRING WEST FACADE added
EL-104 PV MODULE_PLANE added
EL-104 PV MODULES added
EL-105 PV SYSTEM added
EL-106 SCHEMATIC DIAGRAM PV added

EL-106 SCHEMATIC DIAGRAM PV_SIGGI added

EL-301 POWER

EL-401 LIGHTING PLAN advanced
EL-401b PRELIMINARY LIGHTING PLAN added
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EL-501 ONE_LINE DIAGRAMM added

EL-601 AC added

SOLAR SYSTEMS (SS) PHOTOVOLTAIC SYSTEM
TELECOMMUNICATIONS AND BUILDING AUTOMATIZATION SYSTEM (BAS)

BAS-001 WIRING PLAN BUILDING

AUTOMATIZATION added
BAS-101 SCHEMATIC DIAGRAM
BUILDING AUTOMATIZATION added

BAS-101 SCHEMATIC DIAGRAM
BUILDING AUTOMATIZATION
SIGGI added

SITE OPERATIONS (SO)

This part is actually in process and will be handed in later (till Monday 15.02.2010). Please just work the later

handed informations in the General Site Operations Plan. Kindly excuse this retardation, we have to include

all new informations of the competition calendar in our planning of the Site Operations.

SO-001a OUTSIDE LOGISTIC added

SO-101b INSIDE LOGISTIC advanced
S0O-201b UNLOAD + ASSEMBLY 1 advanced
S0O-202b UNLOAD + ASSEMBLY 2 advanced
S0O-203b UNLOAD + ASSEMBLY 3 advanced
S0O-204b ASSEMBLY 4 advanced
SO-205b ASSEMBLY 5 advanced
SO-206b ASSEMBLY 6 advanced
S0O-207b ASSEMBLY 7 advanced
S0O-208b ASSEMBLY 8 advanced

HEALTH AND SAFETY (HS)

HS-001a SURROUNDINGS advanced

HS-201a INSIDE LOGISTIC advanced
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PUBLIC TOUR (PT)

PT-001 SITE ACCESIBILITY

PT-101a PUBLIC EXHIBITION PLAN
PT-201 EXIHIBITON ELEVATIONS 1
PT-202 EXHIBITIONS ELEVATIONS 2

INSTRUMENTATION (PI)

P1-001 INSTRUMENTATION SITE PLAN

P1-101 INSTRUMENTATION FLOOR PLAN

P1-201 INSTRUMENTATION SECTION
LONGITUDINAL

3. Operations chart:

advanced

advanced

advanced

advanced

added

added

added

This part is actually in process and will be handed in later (till Monday 15.02.2010). Please just work the later

handed informations in the General Site Operations Plan. Kindly excuse this retardation, we have to include

all new informations of the competition calendar in our planning of the Site Operations.

4. Electric and Photovoltaic chart:

5. Project Summary # 2

added in Project Manual

added

Summary of Changes
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11.09.2009 Deliverable 4

1. Projekt Manual

COVER SHEET:

new designed

TABLE OF CONTENTS:

adapted
CONSTRUCTION SPECIFICATIONS:

added
STRUCTURAL CALCULATIONS:

added
DETAILED WATER BUDGET:

added
SUMMARY OF RECONFIGURABLE FEATURES:

added
COMPREHENSIVE ENERGY ANALYSIS
AND DISCUSSION REPORT:

added
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CONTEST SUPPORT DOCUMENTS:

Architecture Design Narrative:
Accoustic Report:

Lighting Design Narrative:
Engineering Design Narrative:
Solar Water Heating:
Photovoltaic System:

List of Appliances and
Equipment Specifications:
Communication Plan:
Defining Markeing’s Role
Industrialization and

Market Viability Report:
Sustainability Report:

CONSTRUCTION COST ESTIMATE

AND PROJECT FINANCIAL SUMMARY:

DINNER PARTY MENU:

SITE OPERATIONS PLAN:

HEALTH AND SAFETY PLAN:

added
added
added
added
added
added

added

Sponsoring Communication

added

added

adapted

added

adapted

added

Summary of Changes
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2.Construction Drawings

As stated in Rule 26.2, the Construction Drawings are consistent with the SDEConstruction Drawings
formatting template and guidelines.

This is a general update compared with Deliverable #3.

All drawings are renamed by this code.

The layout contains a new header.

The energy tower is renamed. It is called ventilation tower.

AR-011 site adapted
AR-012 site adapted
AR-021 floor adapted
AR-031 roof added
AR-041 Moveable Components added
AR-051 Conditioned Space added
AR-052 Conditioned Volume added
AR-102 site north added
AR-103 site east added
AR-104 site south added
AR-105 site west added
AR-112 elevation building north added
AR-113 elevation building east added
AR-114 elevation building south added
AR-115 elevation building west added
AR-201 section longitudinal added
AR-202 section longitudinal added
AR-211 section transversal added
AR-212 section transversal added
AR-213 section transversal added
AR-301 window gap added
AR-301 window sliding glass door added
AR-302 window sliding glass door added
AR-303 window sliding glass door added
AR-322 floor normed added
AR-332 roof normed added
AR-342 wall normed added
AR-365 ventilation tower 1 added
AR-365 ventilation tower 2 added
AR-365 ventilation tower 3 added
AR-365 ventilation tower 4 added
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AR-365 ventilation tower 5

AR-365 ventilation tower floor

AR-366 solar chimney
AR-366 solar chimney 2

AR-366 solar chimney floor

IN-001 floor 1
IN-001 floor 2
IN-001 floor 3
IN-001 floor - furnishing 1
IN-001 floor - furnishing 2
IN-001 floor - furnishing 3
IN-201_202 elevations
IN-203_204 elevations

IN-601 interior renderings

ST-011 first floor
ST-021 roof
ST-101 longitudinal
ST-111 transversal
ST-301 rigid edge

FP-001 fire protection

PL-001 supply and removal

PL-021 drain waste vent
PL-022 waste
PL-211 grey water

SW-001 plan

ME-011 HVAC equipment
ME-021heating
ME-031cooling
ME-041ventilation

ME-101 mecanical room

EL-401 lighting plan
EL-402 lighting plan

added
added
added
added
added

added
added
added
added
added
added
added
added
added

added
added
added
added
added

added

added
added
added
added

added

added
added
added
added
added
elevations
added
added
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SO-101inside logistic
S0O-201 unload and assembly
S0-202 unload and assembly
S0O-203 unload and assembly
S0-204 unload and assembly
S0-301 assembly detailed
S0-302 assembly detailed
S0-303 assembly detailed
S0-304 assembly detailed
S0O-305 assembly detailed

HS-001 lot and sorroundings
HS-201 inside logistic

HS-301 unload and assembly

PT-001 site accesibility
PT-101 public exhibition plan

3. Project Summary #1:

4. Electric and photovoltaic
installation chart:

5. Operations chart:

added
added
added
added
added
added
added
added
added
added

added

added

added

added
added

added

added

added
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04.05.2009

Communication Plan Update:

Development Drawings Update:

Projekt Manual Text
Solar Envelope Dimensions
Building measurements
Site Plan

Entrance Glazing
Fassade south/north
Section b-b Climate Gap
Sun shading

PV collector

Watertank

View South

View North

Guided House Tour Plan

Preliminary Energy Analysis Update:

Weather Data Madrid

Cooling Load Calculation - Day

Internal Loads

Cooling Load Calculation - Week

Deliverable 3

added

added
added
added
added
added
added
added
added
added
added
added
added
added

added
added
added
added
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Dynamic Building Simulation:
Annual / Contest

Energy Consumption:
Electricity

Hot Water

Solar Photovoltaic System

Schematic Electric Diagramm
Assembling Description Update:

Preliminary site operation plan
Building weight

Module size

Module names

Trailer size

Trailer Route

Time for assembling phases
Technical installations

Preliminary Cost Estimate
Market Viability Report Update:

Modul arrangement variabilities

30.01.2009 Deliverable 2

added
added
added
added
added
added
added

added
added
added
added
added
added
added
added
added

added
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Table of Contents

2. Summary of Changes 3

4. Rules and Building Code Compliances Checklist 51
5. Construction Specifications 59
6. Structural Calculations 69
7. Water Budget 73
8. Summary of Unlisted Electrical Components 77
9. Summary of reconfigurable Features 91
10. Electric and Photovoltaic Chart 95
11. Comprehensive Energy Analysis and 99

Discussion Report

12.1 Architecture Design Narrative 201
12.2 Acoustic Report 211
12.3 Lighting Design Narrative 219
12.4 Engineering Design Narrative 231
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12.5 Solar Thermal System

12.6 Photovoltaic System

12.7 List of Appliances

12.8 Communication Plan

12.9 Preliminary Industrialization and Market Viability

12.10 Sustainability Report

12.11 Public Tour

13. Cost Estimate and Project Financial Summary

14. Dinner Party Menue

15. Site Operations

16. Health and Safety Report

257

275

319

325

361

405

445

453

463

475

495
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4. Rules and Building Code Compliances Checklist

Chart

Rules and Building Code Compliances Checklist
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Rules and Building Code Compliances Checklist
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sd europe

GOBERNO HNGTIRG
DE ESPAFIA  DEVRAENOA

|
Rule Description Content Requirement(s) Drawing(s)/Report(s)
T fficer' tact
Team Officers and Contact . eam o .|cer s contac
O 3.2 . information completely see WAT
Information ) )
fulfilled in Table 1 (SDE WAT)
. . Drawing(s) showing the SO-201e-208e;  SO-
| 4.2 Construction Equipment assembly and disassembly 211b-214b
Manual_Site
O 4.2 Construction Equipment Specs for heavy machinery N
Operations
) Drawing(s) showing the )
] 4.3 Ground Penetration . doesn't exist
locations and depths of all
Drawing(s) showing the
location, contact area and ST-001/0023;
] 4.4 Impact on the Ground soil-bearing pressure of every ST-311a-3133;
component resting directly Sructural Calculations
on the turf
Construction
O 4.5 Generators Specifications for generators .

Specifications

Drawing(s) showing the

o ) locations of all equipment, PL-032b, -033c,-034b;
4.6 Spill Containment tanks and pipes that will SO-206¢;

contain fluids at any point

Specifications for all

equipment, tanks, and pipes Construction

] 4.6 Spill Containment auip ) . . PP . .u .I
that will contain fluids at any Specifications
point during the event

c 5 Solar Envel bi . Drawing(s) showing the AR-102e-105e

- ) olar tnvelope imensions location of all house and site AR-012e

0 5.2 Solar Envelope Dimensions List of solar envelope AR-102e-105e
Structural drawi d

O 6.1 Structural Design Approval ruc ur.a ra'wmgs an included in Hard copies
calculations signed and

i ) Electrical drawings and observed, exepted

| 6.1 Electrical Design Approval , . i
calculations signed and calculations
List of the country of origin

61 Codes Desian C i codes complied, properly included in Hard )
] . odes Design Compliance signed by the faculty advisor, included in Hard copies
in order to certify compliance
] ) Drawing(s) showing all
O 6.2 MaX|m.um Architectural information needed by the AR-041b
Footprint Rules Officials to measure the
Drawing(s) showing all
Maxi Architectural bl ts that
g 6.2 aX|m.um rchitectura move.\ e components Ia . AR-041b
Footprint may increase the footprint if
operated during contest
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) ) Shading calculations and/or
Maximum Architectural .
o 6.2 h ) diagrams for components AR-061-63
ootprint that DO NOT shade the
] 6.3 Minimum Conditioned Space Drawing(s) showing space AR-051b
Drawing(s) showing the
| 6.4 Entrance and Exit Routes .g( ) ) 8 PT-001b, -101d
accessible public tour route
Drawing(s) showing the
locati fall tati d
fapplicable, the movement | AROLLFOL2
o 7.1 Placement . Vpep o AR - 212a-2133;
getatt & , AR - 352, AR - 356
part of an integrated mobile
system
Drawings showing the layout
O 7.2 Watering Restrictions and operation of greywater doesn't exist
irrigation systems
e Construction
Specifications for
8.1 PV Technol Limitati ificati _
. echnology Limitations photovoltaic components specification and PV
System Report
O 8.1 PV Technology Limitations Contractor price quote for COHS't.FUCt.ion
' &Y photovoltaic components specification,
PV-System Report
Drawing(s) showing the
o 8.3 Thermal Energy Storage location of thermal energy PL-031
Specifications for thermal ;
O 8.3  |Thermal Energy Storage pecificat Construction
energy storage components specification
Shading calculations and/or
o 8.3  Thermal Energy Storage diagrams for thermal energy AR-011f-012f;
storage components (if
necessary)
O 8.4 Batteries Draw'mg(s) showing the doesn't exist
location(s) and quantity of
Specifications for all stand-
| 8.4 Batteries P , doesn't exist
alone, PV-powered devices
. Drawing(s) showing the .
o 8.4 Batteries . . doesn't exist
location(s) and quantity of
5 3.4 Batteries Specifications for hard-wired doesn't exist
battery bank components.
O 8.5 Desiccant Systems Drawm'g(s) descrlblng the doesn't exist
operation of the desiccant
O 8.5  Desiccant Systems Specifications for desiccant doesn't exist
0 8.6 Village Grid Electrical and Photovoltaic included
Specifications for Ventilation system in
epe s humidification systems and Construction
O 8.8 Humidification systems . e R
corresponding certifications specification / Tower
of the different elements. has no datashed
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Drawing(s) showing the

AR-011g-012g;

9.1 Tank locations location of all the water tanks
. - SO-206e
relative to the conditioned
9.3 Grey water reuse Specifications for grey water doesn't exist
reuse systems.
. ) Drawing(s) showing the "
9.4 Rainwater Collection . doesn't exist
layout and operation of
Drawing(s) showing the )
9.6 Thermal Mass . doesn't exist
locations of water-based
Specifications for e s
9.6 Thermal Mass doesn't exist
components of water-based
9.7  Grey Water Heat Recovery Specifications for grey water doesn't exist
Drawing(s) showing the fill
Iocatio:((s)) uantitg of water Water Budget;
9.8  Water Delivery . PL-032-034a;
requested at each fill
. . . SO-206b;
location, tank dimensions,
Drawing(s) showing the
uantitg(o)f water ti be Water Budget;
9.9  Water Removal quantity , PL-032b, -033c,-034b;
removed from each fill
. . . S0O-206b;
location, tank dimensions,
10.2 Event Sponsor Recognition D.rawm'g(s) showmg the .
dimensions, materials, Communication Plan
Drawi howing th
10.3  Team Sponsor Recognition .raWIng(s) > °W'”,g € L
dimensions, materials, Communication Plan
. - Drawing(s) showing the
11.4  |Public Exhibit
dimensions, materials, PT-101d-201b-202b
Drawing(s) showing the
11.5 |Team Uniform artwork and content of the
team uniform Public Exhibition Tour
Drawi howing th
362 Lots rawing(s) showing the 50-101d
storage and unloading areas
Calculations (Specifications
36.2 | Lots showuin Ithe EoZd cl)fI stolra e) to be added in
' = & Deliverable 6 (March)
element area
Calculations showing that
structural design remains to be added in
36.2 Lots . . .
compliant even if 0.45 m of Deliverable 6 (March)
vertical elevation change
Drawing(s) showing
shimming methods and ST-001/0023;
36.2 Lots materials to be used if 0.45 m ST-311a-3133;
of vertical elevation change Sructural Calculations
exists on the lot
Drawing(s) showing the - i R
38.2 Instrumentation . 8(s) - g' PI-001a site plan/ P!
location of bi-directional 101b Floor plan
Specifications for Fire
40.3 Fire Safety Reaction of Constructive

elements

Sructural Calculations

Rules and Building Code Compliances Checklist
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Specifications of compliance Health and Safety
with the slipperiness degree Report, test is in

O 40.4  Security against falls PP . 8 . P
classes of floors included in process and results
House tour have to be added
Drawing(s) showing
compliance with conditions AR-011g-012g;

O 40.4  Security against falls P . & 8
for uneven flooring and for AR-102f-105f
floor with different level
Drawing(s) showing

) ) compliance with conditions AR-011g-012g;
. 40.4  Security against falls Restricted Areas stairs, Public AR-102f-105f
Areas Staircases,Restricted
Safety for avoiding trapping and DraW|r‘1g(s) sh9wmg . Construction
] 404 . compliance with conditions e
impact risk o ) Specifications
for avoiding trapping and

. 104 Safety against the risk of Specifications for level of Lighting Desgn

' inadequate lighting illumination of house tour Narrative
o Interior and exterior plans

O 40.5 | Accesibility . . .
showing entire accessible PT-001b
Specifications for using dead
loads, live loads,safety

O 40.6  Structural Safety factors and load Engineering Design
combinations in the Narrative and Structural
structural calculations Calculations
Drawing(s) showing the

O 40.7 |Electrical and PV System locations of the
photovoltaics, inverter(s), PI-101b
Specifications for the .

hotovoltaics, inverter(s) Construction

o 40.7 | Electrical and PV System P 7 . ’ Specifications and PV
meter housing, service

. . System Report
equipment, and grounding
. Diagram(s) showing

O 40.7  |Electrical and PV System . EL-601+501+401g+301

Electricity and Pv system
and EL-101-106

O 40.7 | Electrical and PV System One-line electrical diagram EL-501
Drawing(s) showing the

o 40.7  Electrical and PV System house, decks, ramps, tour EL-101-103, PI-101, PT-
paths, metering box, meter 001b, AR-001a

;r";« U.S. DEPARTHENT OF

U.5, DEPARTMENT OF ENEREY
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5. Construction Specifications - Contents

1. Chart
2.Data Sheets (Appendix 1 at the end of the project manual)

Construction Specifications
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No.

Product

Description

Producer

Data sheet

05

06

Metals
curtain rail

Wood, plastics and
composites

Roof

0SB (oriented strand
board) panel

Wood construction

Wall
Wood construction (FSH)

Floor
Parquet floor

Parquet terrace

3114_ curtain rail

OSB is an engineered wood product formed by
layering strands of wood in specific
orientations. In appearance it may have a
rough and variegated surface with the
individual strips lying unevenly across each
other.

STEICOjoists fulfil the demands

from house builders for

greater clear spans and better
dimensional stability, whilst

not increasing the size of the

cross section of the construction
elements.

STEICOultralam is a laminated veneer lumber
for the highest demands. Is made of multiple 3
mm layers of graded laminated spruce veneers.
This disperses knots and irregular growth,
producing a practically homogeneous cross
section. This construction means that
STEICOultralam is highly rigid and
dimensionally stable.

Powerful engineered timber product for
rectangular cross sections. With
STEICOultralamR™ elements all veneer

layers are glued together longitudinally.

Cross laminated STEICOultralamX™ means
that one-fifth of the veneers are glued
crosswise — improving the lateral bending
strength and stiffness of the board.

Solid wood planks are milled from one solid
piece of wood. This is the main difference
between them and all types of engineered
flooring. Engineered floors are made of three to
seven layers of thin wood that are stacked
together and then glued. Solid wood planks are
milled with tongue and groove on all four sides.
This makes possible a time- and cost-saving
continuous installation. Slightly bevelled edges
on all four sides rule out variations in board
height, often referred to as »overwood«, and
guarantee an even surface. An exact fitting of
the planks is achieved by slightly bevelled and
backcut tongues and grooves. Stress grooves on
the bottom side of the planks prevent them
from cupping or buckling.

www.helmo.de

www.kronoply.de

www.steico.com

www.steico.com

www.berthold-holz.de

yes,
just german

yes,
just german

yes,
german /english

yes,
german /english

yes,
german /english

yes,
just german

07

Thermal and moisture
protection
Roof

Vacuum-Insulation-Panel
(perlite filling)

Waterproofing

va-Q-vip B is an evacuated thermal insulating
panel with a very low thermal conductivity.

This Sarnafil plastic liner (TS 77-20) is a high-
quality flexible polyolefin alloy membrane
containing advanced polymers, stabilizers,
fiberglass and polyester reinforcement.

www.va-g-tec.de

www.sika.de

yes,
german /english

yes,
just german

Construction Specifications
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Lamb's wool

Recycling structural panel
Wall
Vacuum-Insulation-Panel

(silica filling)

Waterproofing

Recycling structural panel
Floor
Vacuum-Insulation-Panel

(silica filling)

Recycling structural panel

Sarnafil_Dunstrohreinfassung

Sarnafil_Verbundblechtafeln

Linirec

va-Q-vip B is an evacuated thermal insulating
panel with a very low thermal conductivity.
This Sarnafil plastic liner (TS 77-20) is a high-
quality flexible polyolefin alloy membrane
containing advanced polymers, stabilizers,

fiberglass and polyester reinforcement.

Linirec

description see wall

Linirec

www.sika.de

www.sika.de

www.klimalan.com

www.linzmeier.de

www.va-g-tec.de

www.sika.de

www.linzmeier.de

www.va-g-tec.de

www.linzmeier.de

yes,
just german

yes,
just german

yes,
just german
yes,
just german

yes,
german /english

yes,
just german

yes,
just german

yes,
german /english

yes,
just german

Speaker system

Apple
Wireless

TV Live Media Player

The purSonic Soundboards satisfy all individual
desires. Soundboards are available in a wide
variety of different lines to suit the different
applications and uses. So you can design your
building programme just as you please.

Speaker system for stereo or surround sound.
Perfect functionality in combination with Auro
audio system.

17-inch MacBook Pro

Netgear DG834GB Wireless ADSL Firewall
Router
WD TV Lieve Mediaplayer LAN/HDMI

www.loewe.de

www.apple.de
www.kmelektronik.de

www.kmelektronik.de

08 Openings / windows (glass)
Wall
HAHN lamella (ventilation HAHN S9 Louvre window is applied for optimal www.glasbau-hahn.de yes,
tower) adjustable ventilation. german /english
VSG It consist of at least two single panes of glass www.bgt-brette.de yes,
with are joined togehter by a strong, tear- german /english
resistant polyvinylbutyral film (PVB).
Insulated glass www.glastroesch.de yes,
just german
Roof
Overhanging window Solar chain drive engine www.dh-partner.com yes,
Chimney just german
11 Equipment
Cooker Miele KM 5944 www.miele.de yes,
just german
Oven Miele - H5681 BL www.miele.de yes,
just german
Cooker Hood Miele - DA420 V mit Umluftbetrieb www.miele.de yes,
just german
Coffee Machine Miele - CVA3660 www.miele.de yes,
just german
Liebherr ICBP 3166 Premium Plus BioFresh www.liebherr.com yes,
Freezer / Refrigerator german /english
Dishwasher Miele G1562 SCVI (integrable) www.miele.de yes,
just german
Washing machine Miele Softtronic W 5841 WPS EcoComfort www.miele.de yes,
just german
Clothes dryer Miele Softtronic T 8627 WP EcoComfort www.miele.de yes,
just german
LCD-TV Connect 32 Media Full-HD+100 www.loewe.de yes,
german /english
Soundboard Soundboard 300 - 40PW WWW.pursonic.com yes,

just german

yes,
german /english

yes,
just german
yes,
just german
yes,
just german
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Network Direct Attached
Storage

1000GB IOCELL NetDisk NAS USB

www.kmelektronik.de

yes,
just german

Portable generators PRAMAC E 5000 WWWw.pramac.com yes,
german /english
Lights yes,
just german
12 Furnishings
Oak (work plate kitchen, Oak wood is hard and heavy, but nonetheless www.musterkiste.com yes,
table, bed) elastic. The heartwood is very resilient, and german /english
durable even under water.
Stainless steel foot Stainless steel is considered one of the most www.haseform.de yes,
classic and noble materials for use in creating german /english
ageless furniture design. Especially elegant is
the combination of stainless steel with selected
solid wood
Curtain Mira x Plain 6882 Col. 61 www.mira-x.ch yes,
just german
Felt Woolfelt_Flame retardant (B1 DIN 4102), an www.daimer-filze.com
eco-friendly natural product
21 Fire suppression Minimaxol-fire drencher_WS 6 nG www.minimax.de yes,
just german
22 Plumbing
Pumping equipment SOLOLIFT + CWC 3 www.grundfos.de yes,
just german
Drinking water supply Grundfos Hydrojet www.grundfos.de yes,
just german
Delivery pump Grundfos ALPHA 2 25-60 180 www.grundfos.de yes,
just german
PVT collector Grundfos MAGNA 25-60 www.grundfos.de yes,
just german
22 Water storage tank The ROTEX Sanicube is a combination www.rotex.de yes,

Electric heating element

Duct

Flush switch

Toilet brush set

Toilet roll holder

One-handle mixer

Basin

Three-hole mixer (kitchen)

of hot water storage tank and instantaneous
water heater. This means that the actual heat is
not stored in the domestic water itself, but

in the storage tank water which is clearly
separated from it. The volume of the stored
domestic water is relatively small and is 19-29
litres, depending upon the type of storage
tank. On the other hand, the total storage
tank volume is 300 and 500 litres. This amount
of heat that can be stored and also removed is
accordingly large.

AFR 150_ Flexible singel-grooved aluminium

duct DIN 150, to be used as connection to the

main duct

Sigmas0

VOLAT33

VOLAT12,T13

VOLA 500T1 and 590

ZEROX 450

VOLA KvV4

www.rotex.de

www.maico.de

www.geberit.de

www.vola.com

www.vola.com

www.vola.com

www.blanco.de

www.vola.com

german /english

yes,
just german

yes,
german /english
yes,

just german

yes,
just german

yes,
just german

yes,
german /english

yes,
just german

yes,
german /english
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HVAC (heating, ventilation
and air conditioning)

Air conditioning appliance
Cooling ceiling
Heat pump

Brine-air heat exchanger

Expansion vessels for
heating, cooling and solar
applications

Floor
Floor heating

Sensor
Cable Temperature Sensor

Contact Temperature

Sensor

Pendulumsensor for
relative humidity

Room Pendulum
Temperatur Sensor

Combined room sensor
CO2/Temperature

Varicool UNI
Heat pump Typ WK 3

EW-K 200_Brine-air heat exchanger for brine
earth heat exchanger, DN 200.

Application examples:

Single family-unit houses in combination with
room air systems with heat recovery, Low
energy and passive energy houses up to 200

m2,

reflex N _for heating and chilled water
applications

reflex S_for solar, heating and chilled water
applications

SpeedUp Eco

TF25 (PT1000-1/3DIN)_Cable sensor for
temperature measurement in gaseous media of
heating, cooling or airconditioning systems (e.g.
fresh air/ exhaust air ducts). Designed for
locking on to control and display systems. In
conjunction with an immersion pocket, also
suitable for temperature measurement in liquid
fluids(e.g. pipeline systems).

AF25 (PT1000-1/3DIN)_Designed for locking on
to control and display systems. For measuring
temperature on pipes and arched surfaces.
Contact temperature sensor VFG54 includes
connection housing and clamp.

FTP VV_Pendulum sensor for sectional
measurement of relative humidity (model

FP), respectively for sectional measurement of
relative humidity and temperature (model FTP)
in large rooms (e.g. openplan offices, galleries,
production plants etc.) Designed for lockingon
control and display systems.

RPF 100 (PT1000-1/3DIN)_Pendulum sensor for
sectional temperature measurement in large
rooms (e.g. openplan offices, galleries,
production plants etc.). Designed for locking on
to control and display systems. Model RPF40 is
specially designedas a radiation sensor
withlongtime constant for radiant heaters.

WRF04 CO2 VV LCD_The sensor is designed for
the detection of carbon dioxide (CO2),
temperature and relative humidity (optionally)
in living spaces. Wherever people are staying in
rooms, the CO2 concentration is an evident
indicator for the room quality.

www.polybloc.ch
www.zent-frenger.de
www.schwaemmle-gmbh.de

www.maico.de

www.reflex.de

www.danfoss.de

www.thermokon.de

www.thermokon.de

www.thermokon.de

www.thermokon.de

www.thermokon.de

yes,
just german
yes,

just german
yes,

just german
yes,

german /english

yes,
german /english

yes,

just german

yes,
german /english

yes,
german /english

yes,
german /english

yes,
german /english

yes,
german /english
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Centrifugal fans, single inlet

The scroll housing of single inlet centrifugal
fans is open on one side. The characteristic
features of this ebm-papst product series are
high efficiency, a low noise level, relatively
small air flow with a high increase in static
pressure, robust design and space-saving
application.

www.ebmpapst.com

yes,
german /english

25

Wind Direction Sensor
compact
Windsensor compact

Precipitation Monitor

Wireless Ceiling Multi
Sensor 360°

Light Sensor

Wireless Key Card
Activeated Switch

Touch Panel

EnOcean Transmitter

Wind Direction Sensor Compact 4.319.00.161 0.
10 V_ Measuring value transmitter for the
measurement of the horizontal wind direction,
with analogue output signals.

Windsensor Compact

4.35190.00.161 0-10 V_ Measuring value
transmitter for the measurement of the
horizontal wind velocity with digital output
signal.

Hygro-Thermogeber compact_Instrument
designed for measurement of temperature and
air humidity. The data are output as electrical
analogue signals. The transmitters consist of a
capacitive humidity element and a Pt 100
resistance thermometer. For outside mounting
we recommend the use of the weather- and
thermal radiation shield.

Pyranometer GSM 10.7_Electrical measuring
instrument to measure the global radiation.
The measurement is coscorrected.

Precipitation Monitor_The instrument serves
for detecting start and end of precipitation. It
can be used as status indicator or as signal
transmitter for the controlling of security
devices against precipitation such as windows,
venetian blinds, awnings.

SR-MDS_The battery and wireless ceiling multi
sensor is designed for movement detection in
room or office spaces. In addition, the sensor
detects the ambient brightness in rooms. Radio
telegrams according to EnOcean standard. With
integrated solar energy storage for
maintenacefree operation.

LI04/LI65_Sensor for light measurement in
rooms and offices (model LI04, specially for
wallmounting) or in outdoor areas ( model
LI65). Designed for lockingon control anddisplay
systems. The sensors have an integrated colour
filter (green filter) which isadapted to the
sensitivity of human eyes.

SR-KCS_The SRKCS is a wireless, selfpowered
transmitter which is designed to accept room
or security card keys.

www.thiesclima.com

www.thiesclima.com

www.thiesclima.com

www.thiesclima.com

www.thermokon.de

www.thermokon.de

www.thermokon.de

26-28-
31-00

26

Photovoltaic collectors

Bath and kitchen

Ventilation Tower

Slim-Line_ The new 3-chip-led bar with
adjustable colour temperature and Ra 95

X-BAR-HIP68-DC-500-RGB_LED Lighting

www.richter-It.de

www.richter-It.de

yes,
german /english

yes,
german /english

yes,
german /english

yes,
german /english

yes,
german /english

yes,
german /english

yes,
german /english

yes,
just german
yes,
just german

yes,
german /english

yes,
german /english
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Living room

Exteriors

Gap

Corridor

Roof
Solar Cells

Wwall
Solar Cells

Solar Cable
Inverter

Floor lamp, sleeping, living

High-Voltage Pendant Lights_Pendant light can
be positioned practically anywhere on the
ceilling.

High-voltage free-standing lamps_ A free-
standing light with a moveable shade that
allows light to be pointed in various directions.

ORILED_LED wall-embelt

MINIPLANO_3 accent LED 3200K 230V 3,6W

MIREL_ Wallwasher

The monocrystalline Sunways Solar Cell is now
provided with three energy feeder units
(busbars) instead of two. This reduces the
losses during the power generation in the solar
module. This new contact design, in
combination with the constant increase in the
efficiency of the Sunways Solar Cells, results in
extremely powerful and surface-effective solar
modules.

Coloured design cells from Sunways combine
power generation and aesthetics. The cells are
available in emerald, gold, bronze and silver
and therefore enable unique, customised PV
system designs.

Coloured design cells from Sunways combine
power generation and aesthetics. The cells are
available in emerald, gold, bronze and silver
and therefore enable unique, customised PV
system designs.

Sunways Solar Inverter AT 5000, AT 4500,

AT 3600, AT 2700_ Thanks to HERIC® topology
with innovative FP switching, the new AT Solar
Inverters from Sunways achieve a constant
yield at changing irradiation levels and
temperatures. And that even across
technological limits.

Certificate of compliance

www.steng.de

www.steng.de

www.zumtobel.com

www.zumtobel.com

www.zumtobel.com

www.sunways.de

www.sunways.de

www.sunways.de

www.sunways.de

www.sunways.de

yes,
german /english

yes,
german /english

yes,
just german

yes,
just german
yes,
just german

yes,
german /english

yes,
german /english

yes,
german /english

yes, english
yes,
german /english

yes,
german /english
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6. Structural Calculations - Contents
1. Description of bearing structure

Appendix 2 Structural Calculation
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Structural Calculations

1. Description of bearing structure

The modules will be built as timber structures. In the
following, the loading assumption will be determined
according to the German Industrial Standard DIN
1055, Part 1-5. The module will be proven as a sin-
gle, self-supporting load-bearing structure, not being
connected to the neighbouring modules. The load of
the glass-joints will be distributed in equal parts to
the neighbouring modules.

The bracing in the longitudinal axis or in the frame
respectively will be ensured by two rigid, all side
supported frames that will be built from veneer ply-
wood “ultralam R”. In the lateral axis or perpendicu-
lar to the frame respectively, the structure is braced
by the shear walls at the fronts. Those shear walls
are manufactured from veneer plywood “ultralam X".
By symmetrical arrangement of the walls, twisting is
not to be expected for the structure. The roof loads
(superstructure, snow) are transmitted to auxiliary
girders, here cross girders, made of structured solid
timber. These pass the loads on to the principal gir-
ders, here frames from ultralam R. On the bottom of
the modules, cross girders (FJI) are used to accept
the loads from dead weight (superstructure, floor
covering, etc.) and the imposed load. Those loads

are likewise transmitted to the frame. To obtain a

clear load transmission into the soil, the loads are
concentrated to four steel footings per frame. Since
the modules will be erected on different locations
regarding the competition, the dimensions of the
foundation should be adapted the respective soil
characteristics.

For structural calculation see Appendix 2 in the end

of the manual.
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figure 1: timber module

figure 2: model of timber module
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7. Water Budget - Contents

1. General
2. Chart
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Water budget

1. General

The water needs result from tasks, household use and the cooling systems. We have two tanks which have
to be filled. The first tank is the freshwater tank with the 1900 liters. The second, recooling water tank is filled
while water from the freshwater tank flows into the circulation systems and the thermal storage tank. After
the second one is filled, the freshwater tank has to be refilled. So we have three filling periods and a water
use about 3400 liters. The deionized water will not be provided by the SDE organization, as laid out in the
recommendation in the WAT. For moistening we have included some litres but that will be not enough, the
remaining water will provided with bottles. The water which has to be removed is stored in two tanks: the
waste water tank and the cooling water tank. For tank location see construction drawings plan SO-206b and
for details of the tanks PL-032b-034b.

Note: Greywatertank = constists grey water and black water
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2. Chart
liter / action | action / contest liter / day liter / contest
Cooking Party 10 2 2 20
evaporate water 2,3 5 1,15 12
Dishwasher 9 5 45 45
Clothes Washing 55 7 38,5 385
Shower (10 min) 50 16 80 800
Toilet 10 - 0 0
Basin (3 min) 3 50 15 150
Cleaning 8 4 3,2 32
Irrigation 3 10 3 30
Water in circulation
Radiant Floor 37 1 37
PVIT 18 1 18
PCM-Decke 24 1 24
Connections 73 1 73
Heat exchander 6 1 6
consumption 147 1630,90
liter / filling liter / day liter / contest
Ve.n'tllatlon Tower 100 420
(4 fiilings)
Indirect evaporation 10-30 300
water consumption 30 720
energy systems
liter dimensions location
Freshwater* 1.900 300/80/80 *
Cooling water tank* 1.200 @ 80/ 1=445 *
Stratified storage** 300 59,5/61,5/159 *k
deionized water tank 720 112,5/80/80 *
Greywater tank 2.920 460/80/80 *
Water need 3.400 liter / contest
Water removal 4.120 liter / contest

Note:

*  outside the footprint, included valves and pumps
**  within the conditioned zone

contest = 10 days

Water Budget
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8. Summary of Unlisted Electrical Components
- Contents

1. General

2. Datasheets

3. Certificates of parts

4. Declaration of Conformity
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Summary of Unlisted Electrical Components

1. General

This section is submitted for those electrical components, which are not CE certificated.

We use this one electrical item in the kitchen, intergrated in the hanging board, in which the exhaust hood

is also placed. The luminary is also used in the badroom, over the washing basin. The luminary’s parts are

certificated tough. Here is the summary of parts of the luminary:

LED BAR SLIMLINE (certificated)

POWER SUPPLY RICHTER (certificated)

DIMMER RICHTER ART-4 (certificated)

SYSTEMKANAL RICHTER (pending certification, but a conformity declaration is added)
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2. Datasheets
2.1 LED Bar

Slim-Line (12V)

>

B LED Bar 600mm with 3Chip LEDs
B Cuttable every 2 LED

B Adjustable colour temperature from 2700K to 8000K

B Includes self-adhesive heat tape

B Perfect heat dissipation by glue on metal (always necessary!)

1

SLIMLINE

The new 3-chip-led bar

RICHTER

lighting technologies

with adjustable colour temperature and Ra 95

SPECIFICATION

LENGTH
LED BEAM ANGLE
LUMINOUS FLUX 609 LUMEN

OPERATING TEMPERATURE -30°C~+70°C
WEIGHT
>

RICHTER LIGHTING TECHNOLOGIES GMBH GERMANY
Bobingerstrasse 34, D-73540 Heubach,
Tel.+49(0)7173-71440-0, Fax.+49(0)7173-71440-12,

email: info@richter-It.de

INDOOR

RICHTER LIGHTING TECHNOLOGIES HONG KONG LTD
UNIT C 19/F ROXY IND CTR

41-49 KWAI CHEONG RD

NT email: brichter@richter-It.de

Summary of Unlisted Electrical Components
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2.1 Systemkanal

RICHTER

lighting technologies

"RICHTER
SYSTEMKANAL
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Der Richter Systemkanal ist ein innovativer, neuartiger Licht-
kanal mit LED Technik.

Er zeichnet sich dadurch aus, dass der Systemkanal millimeter-
genau auf die gegebenen Male eingepasst werden kann und
die Ausleuchtung ohne Schatten oder dunkle Stellen
durchlauft. Die komplette Technik ist im lediglich 50x55mm
groBen Kanal integriert- Schaltnetzteil, Reflektor, LEDs und
Kabel sind im Kanal untergebracht.

Der Richter Systemkanal kann abgehéngt, auf Abstandshalter
montiert, oder auch einbetoniert oder eingeputzt werden.

Aufbau: Montageschritte:

Diffusor

LED Profil einklickbar
Integriertes Netzteil
Aluminium Kanal

Entscheidender Vorteil ist, dass der 6050mm lange Grundkanal
gekiirzt, oder Uber Passstifte beliebig verlangert werden kann.
Dieser wird dann fest eingebaut.

Im zweiten Bauabschnitt werden vom Elektriker einfach die
speziell fir den Kanal entwickelten Schaltnetzteile mit dem
Reflektor eingeklickt, der gleichzeitig als Trager fiir die LEDs
dient und deren Warme an den Grundkanal abgibt.

Diese Baugruppe macht unsere light engine aus. Diese ist
1205mm lang und kann beliebig getrennt werden.

Die Rasterung der Platine liegt bei 30mm.

Dann wird einfach der Diffusor eingeklickt, der das Licht der
LEDs in eine gleichméRige Flache verteilt. Zusatzliche
Innovationen sind das Schaltnetzteil, welches durch handels-
ibliche Dimmer gedimmt werden kann, sowie die verschiedenen
Ausleuchtungsoptionen, die der Kunde festlegen kann:

-weill 6500°Kelvin

-warmweil 3700°Kelvin

-vom Kunden frei einstellbare Farbtemperatur von 2700°K bis
8000°K.

Das besondere ist hier, dass der Farbwiedergabeindex (Ra) bei
dieser Variante konstant zwischen 91 und 92..

-rot als Effekt

-blau als Effekt

-griin als Effekt

Richter lighting technologies GmbH, GF: Bernd Richter, Bobinger Strasse 34, D-73540 Heubach, Tel. +49(0)7173-71440-0, Fax: +49(0)7173-71440-12
Steuernr: 83088/17364, USt.IDnr: DE255616061, HBR: 721171, ZolInr:6880843, Bankverbindung: KSK Ostalb, Kt.1000294743, BLZ: 61450050
Geschaftsfiihrer Bernd Richter, Firmenbeirat: Prof. Dr.Dr. Eckbert Hering, Dipl.Oec.Michael Geiger, Prof. Michael llg
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Ausschreibungstexte:

Pos. 1:

Richter System Lichtkanal;
Aluminium-Strangpressprofil; eloxiert; 50x55mm (bxh);
Ldnge 6050mm; lineare Verbindungsmoglichkeit mittels
Kupplungsstifte;

Aufnahme fiir Richter LED-System light engine;

Diffusor PMMA weill mit Snap-In Technik;

Pos. 2:

Richter LED-System light engine; Lange 1205mm; fir
Richter System Lichtkanal;

Schnellmontage durch Klicksystem; teilbar alle 30mm;
Lichtfarbe Kaltweiss (6500K);dimmbar;
OnBoard-Schaltnetzteil; Steckerfertig;

LED-Leistung ca. 29W; Eingangsspannung 230V/50Hz;
inkl. Kabel 1200mm;

Alt. zu Pos. 2:

Richter LED-System light engine; Lange 1205mm; fir
Richter System Lichtkanal;

Schnellmontage durch Klicksystem; teilbar alle 30mm;
Lichtfarbe warmweiss (3700K);dimmbar;
OnBoard-Schaltnetzteil; Steckerfertig;

LED-Leistung ca. 29W; Eingangsspannung 230V/50Hz;
inkl. Kabel 1200mm;

Richter lighting technologies GmbH, GF: Bernd Richter, Bobinger Strasse 34, D-73540 Heubach, Tel. +49(0)7173-71440-0, Fax: +49(0)7173-71440-12
Steuernr: 83088/17364, USt.IDnr: DE255616061, HBR: 721171, ZolInr:6880843, Bankverbindung: KSK Ostalb, Kt.1000294743, BLZ: 61450050
Geschéftsfiihrer Bernd Richter, Firmenbeirat: Prof. Dr.Dr. Eckbert Hering, Dipl.Oec.Michael Geiger, Prof. Michael llg
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2.3 Dimmer

RICHTER

lighting technologies

ART-4

BEDIENUNGSANLEITUNG

Bitte lesen Sie die Anleitung vor Inbetriebnahme grindlich durch.
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Abmessungen inmm

86
® =
9ol
&> o
86
=@ ~
Technische Spezifikationen
Stromversorgung .....ccoiiiiii DC 12-24V
Belastung......coooiiiiii 2A pro Kanal, 6A gesamt
GEhAUSE i Polycarbonat
DMX OUL e 4-poliger Stecker
Powerin & PWMout ..........ooooiiiiiiii 6-poliger Stecker
Betriebstemperatur ... 0°C bis +40°C
Lagertemperatur ... -20°Cbis+70°C
Gewicht ... 1009
ADMESSUNGEN ..o 86(L) x86(W) x15.5(H)mm

Technische Anderungen vorbehalten!

c 24-004-2558-00
Rev1.0

ART-4 Bedienungsanleitung

Summary of Unlisted Electrical Components
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3. Certificate of parts
3.1 Power Supply

Certificate of COnformlty

Testing Requirements of European Directive 2006/95/EC

Certificate No. : CEZM08023

Certificate Holder : ZHUHAJI NANYUXING ELECTRONICS CO.,LTD.

Address : 2.5, 6/F Block 25, Cuizhu industry Zone, Zhuhai City GuangDong
Province, P.R.China.

This is to certify the following product of the certificate holder:
Product : LED power supply

Brand Name : /v 2545

Type W\-OSO\DW 15“ JL-12154 15W, VA-OS020M 20W, VA-DSO500006 30W,
VA-05045P 45W, VA-05060P 60W,VA-05100T 100W. VA-12005F SW, VA-12020X 20W,
VA-12030D018 30W. VA-12030M 30W, VA-120401006 40W, VA-12003D01S5 SW, VA-1 206000 |9 60%
VA-12060D057-C 60W, VA-12060F 60W.VA-12100D0Z3 j00W, VA-12100D024 100W,
VA-121000060-C 100W, VA<12100T 100W, VA-I12150T 130W, VA-24005D015 SW, VA-ZI0050 3%,
VA-24020X 20W. VA-24030D01830'W, VA-24030M 30W. VA-240401006 10W. VA-24UKGINTY 60W,
V\ 241000023 100W, VA-24100D024 100W. VA-24100T 100W, VA-24150D020 150W
A-SOT00D024 100W, JLL D5ISA [SW, JL-1220A 20W, JL-1230D007 30W, JL-2413A 1SW - 24204 20W.

VAlZOOQU IW, VA-15060P 60W. VA-2H060P 60W, VA-241 507 I30W, VAS-OSH06DO4C 100%.
VAS- 12030033 30W, VAS-12030D043 30W, VAS-12040D045 40W. VAS-12060D021 40W,
VAS- 120600024 60W, VAS-121500046 150W, VAS-12150D047 150W, VAS-24050D017 50W,

VAS-240300D043 30W, VAS-24040D045 40W. VAS-2406010021 60W, VAS-2406013024 60W.
VAS-24100D021 100W, VAS-24 100D024 100W, VAS-24150D046 150W. VAS-241501047 | S0W
VA-12150D065-C 150W.

comply with the following standards:
IEC 61347-2-13:2006 Used in conjunction with CEC 61347-1:2003
Lamp controlgear Part 2-13: Particular requirements For d.c. or a.c. supplied
electronic controlgear for LED modules

Reference Report No.: ZM0900203

This certificate of conformity js based on an evaluation of a sample of the above mentioned product.
Technical Report and uocw 'nerm.*'on are at tha Certificate Holder's disposal, This is to certify that the
tested sample is in conioimity wrh above mentioned standards. This certificats does not imply
assessment of the. sories-production c.* the product.

a ’
Signature © u,{_&‘ i SR SR

YU Ror'gbtn

Date of issue: 205 f o 1T 4y cg

C€

G AN AHO ELICTRICAE SAFETY TUSTING INSTITUTE (CEST)  Tel 86-20-80232882 Fax, R232476. Webnite, o v Pl
o o Hahengdong Steeet. Xinpangdong Roed, | aizhu Distrnct, Guangzehou, 310330, PR Chinn

L
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3.2 LED Bar
W& Be)

Date Issued: 10 April 2009

CERTIFICATE No.: F

mmr 1995/A1:2000
2006, EN 61000-3-3:1995/A1:2001/A2:2005 -

and compliance with all relevant EC Directives

WonWoo Eric Lee

Manager General Manager

Copyright of this certificate is owned by SGS Testing Korea and may not be reproduced other than in full and with the
prior approval of the General Manager of SGS Testing Korea,

Tan TEATING KOREA O LTS 1034, Sarton=eng, Gunge-sl. Kyonghi-do, Korms 435041
1+ 82 |0)3) 428 5TOS nummmm Wb st wiwve sgstusting oo ke

Member of SGS Group (Sociéte Ganerale de Surveillance)

iy Sem ety by oinnned Sy (e Caspuey weelir (00 Unmponl ooy ol Saevice grivied weetiest Aovmtiun (s degven ionihie eidobien

F690501

habilly e mmilissras wl prarndiniles lepuie dutlasd uryin

e Balilar of (e fatmmerat b2 o fdboa Pl satanmmaiilas cuniajasd baqesm rollarts (e Comspemrs Dindsage o e fim ol laturpestion 9ily

ot iy 4ha Lamts of Gl s beatraaiinms, U aay ln&-p-‘ptakamd!llmahllrﬂ-urﬂlhhmlmqﬂ LU LI SGSPAPER | |

ot by Bt awt s by s Ak eghely i sl il = il L Tusgoey - . !
. 08856037 ! Ll

e MRl e s itee b st draa e it E e das Eant te antdm il Bed LOTRE Ry sy b8 prEssceed b the Nillewd seteer ot duw
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3.2 Dimmer

C€

DECLARATION OF CONFORMITY

This is to certify that the following product

3CH LED DIMMER
Model NO.:RICHTER X-DIMMER-3

is in compliance with the following standards or specifications according to EMC Directive
89/336/EEC.

EN50081-1, EN55022 pr EN55103-1,
EN50082-1, EN61000-4-2, EN61000-4-3 pr EN55103-2

is in compliance with the following standards or specifications according to Low Voltage
Directive 73/23/EEC.

EN60598-2-1

This declaration is provided by the Manufacturer/Importer

NCW (Holdings) Limited
(Name)
Room 502-505, 5/F, Metro Centre Il, 21 Lam Hing Street,
Kowloon Bay, Kowloon, Hong Kong
(Address)

This declaration is based on the tests which were conducted on the submitted sample(s) of the
above mentioned product. Detailed result can be referred to test report no CET. Nr200719&
LVT. Nr200719.

Manufacturer: Test by:
Date: ' : Date:
Signature: 4 Signature:
Name: NCW (HoIdings)lLimited Name:

NCW (Holdings) Limited
Room 502-505, 5/F, Metro Centre Il Lam Hing Street, Kowloon Bay, Kowloon, Hong Kong.
Tel: (852) 2796-9786 Fax: (852) 2798-6545 E-mail: info@botex.com
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4. Declaration of Conformity

Company Richter made a declaration of conformity for the Systemkanal, in base on the certificates of its

parts:

EG-Konformititserklirung

Fiir folgendes Erzeugnis

Wandsteuerung DMX-fihig
ART-4E

wird besttigt, da es den Vorschriften, insbesondere den Schutzanforderungen, entspricht, die in der
Richtlinie der Europdischen Gemeinschaft zur Angleichung der Rechtsvorschriften iiber die
elektromagnetische Vertriiglichkeit (89/336/EWG), der Richtlinie zur Anderung der CE-
Kennzeichnung (93/68/EWG) sowie dem Gesetz iiber die elektromagnetische Vertriglichkeit von
Geriten mit Stand vom 18.09.1998 festgelegt sind.

Diese Erklarung gilt fiir alle identischen Exemplare des Erzeugnisses, die nach den beigefiigten
Entwicklungs-, Konstruktions- und Fertigungszeichnungen und Beschreibungen, die Bestandteil
dieser Erklarung sind, hergestellt werden.

Zur Beurteilung des Erzeugnisses hinsichtlich der elektromagnetischen Vertriglichkeit wurden

folgende einschldgige harmonisierte europdische Normen herangezogen, deren Fundstellen im
Amtsblatt der Europdischen Gemeinschaften verdffentlicht wurden:

EN 50081-1; EN 55022 pr EN55103-1; EN 55082-1;
EN 61000-4-2; EN61000-4-3 pr EN55013-2; EN 60598-2-1

Diese Erklarung wird verantwortlich fiir folgenden Hersteller/Importeur abgegeben:

Unternehmensbezeichnung: Richter lighting technologies GmbH
Anschrift: Bébinger Str.34; 73450 Heubach
Telefon / Telefax: 07173/714400/07173/7144012
Name des Unterzeichners: Marcel Knopf

Stellung im Unternehmen: Projektleiter

Heubach 30.04.10 ¥ il =
Ort Datum rechtsvertf__’)l_éx/gﬂ'/mﬁe Unterschrift

Summary of Unlisted Electrical Components
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9. Summary of reconfigurable Features - Contents

1. General
2. Plan

Summary of reconfigurable Features
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Summary of reconfigurable Features

1. General

There are several reconfigurable features at the
building. Most are located inside the house and
the regular footprint of the building. These features
do not exceed the footprint because there is no
difference between the closed and open condition

with regard to the footprint.

First of all there is the door of the main entrance (1.).

It is located at the first gap and module.

Adjacent to this the rotary-wing-doors (2.) of the
southern facade are opened into the first gap and

module and do not exceed the footprint, too.

The rotary-wing-doors (3.) of the north-facade are
attended outwards. According to the rule 6.2e of
the “rules and regulations” we assume that these
doors do not exceed the footprint of the building.
We classify them as “normal” doors which means
that this components are exempt from rule 6.2. In

addition to this they are located in the north facade.

There are another rotary-wing-doors (4.) at the
northern gap which includes the ventilation tower.
The doors are positioned at the upper section of

the gap which reaches above the building. We
assume that these doors also do not exceed the
footprint according to the rule 6.2 as described
above. In addition to this these doors are only for the

maintenance of the ventilation tower.

To protect the interior from irradiation and to ensure
the privacy of the inhabitants there are different
curtains (5.). In the first module there is a curtain

for sun shading, in the second and fourth module
there curtains at the glazing for shading and privacy.
These curtains do not exceed the footprint because
the curtain's rail is located at the ceiling inside the

modules.

The only reconfigurable feature of this building to
include it into the footprint calculation is lamella
glazing (6.). Each of the three gaps consist lamella
glazing on the west and east facade. In closed
condition they do not exceed the footprint of the

building. But they do in open condition.

In closed condition the footprint of the building
is 73,485 m2. The additional footprint caused by
opened lamella glazing is not too high.

Itis 0,408 m2.

According to this the maximum footprint of the
building including lamella glazing in open condition
is 73,893 m2.

For more details and calculations see plan

“AR — 041a moveable components”.
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2. Plan

Summary of reconfigurable Features



homet

Project Manual, 22 September 2010



95

10. Electric and Photovoltaic Chart

Chart

Electric and Photovoltaic Chart
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Electric and Photovoltaic Chart
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):: sd europe
‘- '

TEAMS ARE REQUIRED TO FILL IN THE FOLLOWING FORM AND SEND IT AS AN
INDEPENDENT DOCUMENT, TOGETHER WITH DELIVERABLE #4 (CONSTRUCTION
DRAWINGS AND PROJECT MANUAL)

UNIVERSITY: University of Applied Sciences Stuttgart
TEAM: Team HFT Stuttgart

[ [Fill in]

GENERAL ELECTRICAL AND PHOTOVOLTAIC INSTALLATIONS:

- Electrical supply voltage (phase-neutral) for which both installations have 230 V
been designed (unit: V)

- Electrical supply frequency for which both installations have been designed | 50 Hz
(unit: Hz)

ELECTRICAL INSTALLATION:

[Notes:

- No details are required in this document about interior circuits, due to the fact that these shall adapt to
the minimum requirements given by the Spanish standard REBT for a highly electrified house.

- The Organisation will supply the teams with a one-line diagram with the distribution and protections of
the interior circuits, according to the Spanish REBT.

- Teams are reminded of the fact that the electrical installations shall be designed for a single-phase
supply with a maximum power of 15 kW, equivalent to 63 A (230 V / 50 Hz). For other voltages and/or
frequencies the equivalent limit shall apply, by making use of the corresponding transformation relation.]

- House inner surface (unit: m?) 52,34 m?
- Expected maximum power (unit: W) In worst case | 14.000 W
- Individual branch: )
o Type of cable Olflex
o Cross-section (unit: mm?) 1,5mm? - 4mm?
- General magnetothermic protection:
o Nominal current (unit: A) 13A - 20A
o Circuit-breaking capacity (unit: A) 6000 A
- General differential protection:
o Nominal current (unit: A) 63 A
o Sensibility / Trip value (unit: mA) 300 mA

PHOTOVOLTAIC INSTALLATION:

- Nominal power of the inverter, or sum of the nominal power of inverters in 13 500 W

case several inverters are used) (unit: W) (10 800 W East,
[Note: nominal power of the inverter is the maximum output power without time West, Roof)
limitations]
- Brand and model of inverter(s). 5x
Sunways AT 2700
(Optional, only for teams that are considering the use of a hard-wired battery bank together with a
battery inverter)

HARD-WIRED BATTERY BANK + BATTERY INVERTER:

- Nominal operation voltage of the battery bank (unit: V) -

- Nominal capacity of the battery bank (unit: Ah) -

- Nominal power of the inverter (unit: W) -
[Note: nominal power of the inverter is the maximum output power at the AC side
without time limitations]

- Brand and model of inverter. Haible + Parineff GmbH & Co. KG

Planungsburo fur Elekiro- und
Kommunikationstechnik

In Laisen 73 - A LM‘Bfmol/

72766 Reutlingen
[5] W-\DESIGN GRAFICO\Logos : Tel, 07121/9478-0, Fax 84 78-20
Diversos\Ministerio de _&

. @ENERGY
POLITECNICA

Electric and Photovoltaic Chart
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11. Comprehensive Energy Analysis and

Discussion Report - Contents

Part 1

Basic concept

1. Bioclimatic concept
2. Power generation
3. Active Elements

4. Priorities

Part 2 Section | -

Influence of Energy Analysis on House
Design and Competition Strategy

1. Thermal quality of the building envelope

2. Shading devices and glazing characteristics

3. Dimensioning of the heat pump, solar collectors
and the storage tank

4. CFD-Simulation - Optimization of air flow

5. Ventilation Tower

6. Performance and construction of P CM-ceiling
7. Performance and construction of PVT-cooling

devices

Part 3 Section Il -
Projected Performance of Final House
Design on an Annual Basis
1. Weather Data

2. Internal gains

3. Solar thermal system

3.1. Yearly simulation Madrid

3.2. Yearly simulation Stuttgart
3.3. Competition simulation Madrid
4. House energy demand

4.1 Yearly simulation in Madrid
4.2. Yearly simulation Stuttgart

4.3. Competition simulation

Part 4 Section Il —

Electrical Energy Balance Report

4.1 List of the electric loads

4.2 List of the electric loads

4.3. Description of the PV installation

4.4. Description of the tools used for the simulations
4.5. Results of the simulations

4.6. Electrical balance

4.7. Competition simulation Madrid

4.8. Energy and Carbon Dioxide Recovery Time

4.9 Temporary Generation-Consumption Correlation

References

Annex
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Comprehensive Energy Analysis and Discussion Report

Part 1 Basic concept

The climate concept results from the basic idea of
the architectural design, which employs traditional
means from hot and arid climate zones and new
technologies. The tower ventilation with evaporation
and the use of thermal mass for cooling are among
these traditional elements. We combine this thinking
of traditional elements with modularity to produce
an arrangement of modules and climate gaps. We
can divide the concept in the three followings points

Figure 1.1:

Bioclimatic concept:

* Building characteristics (envelope including ratio of
openings, solar protection/shading, glare protection
and materials)

* Passive elements (natural ventilation through
climate gaps, natural conditioning though Ventilation
Tower and attached solar chimneys, appropriate
thermal insulation, heat and cold recovery,

modularity and thermal mass)

Power generation:
» Generation of electricity and hot water and also the

aesthetic effect

Active elements:

* New and innovative technologies in extreme
conditions (low energy cooling system (free cooling),
radiative cooling, active ventilation and reversible

heat pump)

All these elements are systems that act in
combination to each other. At the same time, it is
for us fundamental to increase the passive means
and to understand the active ones only as back-
up systems in the mentioned extreme temperature

peaks (except for PV).

1. Bioclimatic concept

1.1. Building characteristics

The starting point of our house is a compact

and highly insulated (see engineering narrative)
volume, with a small surface to volume ratio and
south orientation to make the solar irradiation
controllable. While the steep summer sun is kept
out by a porch, the flat winter sun can enter deep
into the house. This high insulation is obtained with

vacuum insulation panels and triple glazed windows.
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Traditional
Elements

Effects

New
technologies

Figure 1.1: Synergy of the concept

Together with a minimum air leakage we are able to
reduce the heat losses (see construction drawings).
The wood construction and other natural building
materials will help keep the embedded energy as
low as possible. All materials have been checked
for the embedded energy by LCA (Life cycle
analysis) and compared with other materials. (see

Sustainability Report).

1.2 Passive Elements

In such a highly insulated building, the control of the
supply air by ventilation plays a decisive role. The
segmentation of the house into climate gaps and
modules makes it possible to use the glass-covered
gaps for natural lighting and ventilation (for natural
lighting see bioclimatic analysis in the Sustainability
Report). In order to get the best results in energy
consumption, air quality, air temperature and
handling through the different seasons, the building
will have 3 phases of passive ventilation, which are
as follows:

- Air preheating will be used when the ambient
temperature is between 15°C- 21°C. Especially on
sunny winter days it will help to heat the air in a

passive way. The air, streaming through the lamella

glazing at the base, will be heated up in the glazed
gaps using solar power. While the outer windows
(the lamella glazing) in the climate gaps are closed,
the heated air can stream through the opened inner
windows. The plants in these gaps humidify the

air by evapo-transpiration which improves the air
quality. (Figure 1.2)

- Cross Ventilation operates in moderate climate
conditions when the ambient temperature is
between 18°C- 24°C, during the day and/or at night
the air flows through the totally opened gaps and
thereby allowing a high air exchange through cross-
ventilation. On hot summer days this is also used
at night to cool down the mass of the building in a
passive way. (Figure 1.3)

- The Ventilation Tower (VT) is one of the key
elements of our passive cooling concept and is

the last and highest climate gap. A new building
component, which is also an important interior
design feature and depicts the traditional tower
ventilation in desert areas visualizing the climate
concept. Accordant is described clearly in the
following. The performance and construction of the
energy tower and the hygiene are demonstrated in

the chapter Section Il. (Figure 1.4 and 1.5)

Comprehensive Energy Analysis and Discussion Report
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Figure 1.2: Air preheating

totally open

roof window

roof window

Lo

totally open

gaps

Figure 1.3: Cross ventilation
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Ventilation
Tower

Solar
Chimney

Solar
Chimney

open lamellas

5 =

‘ open casement window

Design and function principle

of the Ventilation Tower

The Ventilation Tower is placed between the two
zones in the interior, the sleeping zone and the living
zone, in order to ventilate and to screen both zones.
The height and the orientation of the VT results from
the prevalent wind flow. Statistics have shown that
the wind direction comes typically from the south

or the north. So we have the possibility to catch the
wind from both sides. The middle part of the climate
gap has the function of the VT to ventilate and cool
down the interior air without mechanical effort when
ambient conditions are favorable. When the wind
speed is high enough, the ambient air is caught by
the tower, cooled through downdraught evaporative
process and supplied to the building through the

casement window at the basement of the VT.

The areas left and right of it are used as Solar
Chimneys (SC), to expel the air. The glazed gap,

which are higher than the other ones. On the inside,

Figure 1.5: Ventilation Tower Section 2

absorber plates are installed to absorb the solar
radiation through the glazing. They warm up and
radiate the heat to the air inside the SC. This warm
air will then extract the interior exhausted air and
transport it to the outside. This is caused by thermal
lift and also through the cooler air in the VT and the
wind pressure. Through the orientation, the air inside

the SC is heated up all day long. (Figure 1.5)

Operation of the Ventilation Tower

The condition to use the evaporative cooling is
based on the comfort conditions. When the ambient
air temperature is too extreme (too hot and too
humid), we cannot use it because the humidity

will rise above 55%. Otherwise if the humidity is

too low, the air can be prehumidified. This means
when the air is warm but dry (moisture content <
..g/m3) and the wind speed is high enough to grant
sufficient air change rates the building is cooled and
ventilate by the tower. Nevertheless this evaporation

cooling operates in moderate climate conditions

Comprehensive Energy Analysis and Discussion Report
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Figure 1.4: Ventilation Tower Section 1

in spring, autumn, in many summer mornings and
also in some whole summer days. The cooling
power depends on the relative humidity and the
temperature at the time of use. If the SC and the VT
are not being used, the inside glazing will stay totally
closed while the outside lamella glazing in the SC

will stay open to discharge the hot air.

1.3 Modularity

We are aware that the ventilation tower which is
a key design feature of homet is a very specific
measure for a climate like Madrid. In this case,
the tower cools the air down by evaporation. But

the development of homet allows also to adjust

these climate gaps in other locations. For example
in coast areas instead of the tower there can be
wind turbines and in colder areas it can be a hot
water tank or a chimney. For more details to the
development of this passive concept see the

Bioclimatic Analysis in the Sustainability Report.

1.4 Thermal Mass - Phase Change
Materials - integrated ceiling (PCM)
Furthermore, the living comfort achieved by the
thermal mass should not be underestimated. We
reinforced this by using phase change materials
(PCM), which can absorb more heating load than
other materials. The house is equipped with 20 m?
PCM ceiling (1 cm thick). The PCM used is a mix
of salt hydrate and graphite (85/15%). The graphite
increases the thermal conductivity of the material
in order to enhance the heat transfer from the room
to the PCM. With a melting temperature of about
22°C, the latent heat of the PCM is used for both
cooling and heating purposes and smoothes the
temperature variation in the room. A density of
around 1500 kg/m3 allows also an increase of the
thermal mass in the building (sensible heat). In
summer, the PCM ceiling is actively regenerated by
radiative cooling through the PVIT collectors. This
is one of the innovations in our concept and uses
low energy to discharge the PCM and is based on
research and development work conducted by the
HFT for some years already. As the performance
of the ceiling solution promises a very high market
potential it will also be developed further after the
competition. The low energy cooling system is
described in the following active components.

In summary, we can say that the thermal mass, the
ventilation tower and the preheated air or the cross
ventilation through the gaps help to maintain the

comfort level during most of the year.
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2. Power generation

In order to produce energy the facades in the

east, west and also the roof are covered with solar
photo voltaic panels and PV/T collectors, which

also influences the design of our house. A classic
solar thermal system will provide the domestic hot
water needs of the building and is integrated in the
building envelope as sun shading element above
the gaps. To reduce internal loads and save energy,
low energy consumption electric appliances (devices
and lighting) will be installed and for the all other
electrical devices we have choose the efficient one’s
which are on the market available and useful for our

propose.

2.1 Photovoltaic

For electricity generation, a large PV system of 12.5
kWp is installed on the roof and both, the west and
east facades. Each fagade is completely covered
with 7 polycrystalline PV-Modules (3 kWp each)
except for the gaps. On the roof, two different types

of modules are installed; 12 small polycrystalline

Roof Edge-
Modules

Solar
Chimney

Evacuated
Tube Collectors

PVT-

PV-Modules (1.5 kWp) are located on the east and
west sides and 12 monocrystalline PV/T modules
(photovoltaic/thermal collectors) (5 kWp) in the
middle of the roof. The conversion from DC current
to AC current is done with 5 inverters respectively:
one for the east fagade, one for the west fagcade, one
for the roof-edge and two for the PV/T-Modules.
The innovation in this system is that within the
polycrystalline PV glass/glass modules two different
solar cells are combined and integrated. The reason
for applying two different types of solar cells for

roof and facades is a matter of design. Whereas

the multicolor cells on the facade are an important
design feature of our house, the monocrystalline
cells on the roof have been selected to provide a
maximum of power output per roof area. To link

the two areas, we have introduced a new way to
combine differently colored cells in a dot-like pattern
to achieve a transitional effect from one to the other
area: The fagade modules will turn with their colors
gold and bronze around the edge, then becoming
black with the monocrystalline modules in the middle

of the roof. (Figure 1.6)

Ventilation
Tower

Facade-
Modules

V'

Figure 1.6: home™
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Evacuated tube collectors
Typ: Augusta AS 100 DF6
Number: 6

Mass flow: 75 [I/h]

Power: 5028 [Wp]

Mixer -
Typ: ESBE VTA322

Mixtemp.: 35 - 60 [°C]
KVS: 1,5

non return valve
T T
|

T~

|

| oLk

/ |
|

/ water volumeter|

/
Pump1 /

Storage Tank

3001

=N\ Safety valve Pmax=6 bars
~~_ Expansion vessel 18 L

Heat exchanger

Typ: Grundfos Alpha 2 25-60 180
delivery height: 2,3 [m]

mass flow: 0,1 [m3/h]

Power: 5-45 [W] S1/S2 30°C
S3/S4 20°C

S3/S4 35°C
Pump 2

Typ: Grundfos Alpha 2 25-60 180
Mass flow: 0,2 [m3/h]

Typ: reflex longtherm rhc 15/20
Leistung: 3,7 [kW]
Eintrittstemp.: S1/S2 70°C

Volumenstrom: S1/S2 0,11m3h
S3/S4 0,12 m3/h

Power: 5-45 [W]

2.2. Domestic hot water preparation
(WWSol)

A solar thermal system of 6.60 m2 of evacuated
tubes collectors is installed on the roof. The solar
heat is stored in a 300 liter storage tank (solar tank)
via an internal heat exchanger. Moreover these
collectors are used to supply the thermal storage
(heat sink tank) that serves as heat source for
the heat pump in winter. During successive cold
and cloudy days, a back-up is needed to provide
domestic hot water. In this quite rare case for the
Madrid climate, hot water has to be prepared by
an electric heating rod. The dimensioning of the
collector area is discussed later in the next part
(Figure 1.7).

3. Active Elements

In order to satisfy the domestic hot water, heating,
and cooling demands several active components
have to be added to the basic concept of maximizing
passive solar means and effects. In the following the
active systems are described one by one, however

it should be understood that they function only in

Figure 1.7: Domestic hot water preparation

cooperation with each other. (For the passive means
see the bioclimatic analysis in the Sustainability
Report.) For example the PV/T modules (described
later) are one of the key elements adjacent to the
ventilation tower. The cooled water produced at night
is used for three systems: to re-generate the PCM-
ceiling, directly for the radiant floor (free cooling
mode) and to lower the temperature in the storage
tank that is used during the day by the heat pump as
heat sink. Also the domestic hot water preparation

is integrated in two systems: for the hot water
preparation with a connection to the storage tank,

as said, and to heat up the heat sink tank in winter
when needed. In the part ,Air handling unit with
evaporative cooling (AHU)" the connection with the
heat pump for fast heating or cooling is described.
All these systems are connected together by the
building control devices.

The figure 1.8 below shows the simplified hydraulic
scheme of the system, more detailed schemas
where all cases are shown can be found in the
construction drawings ME-211-225 schematic

diagram.
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3.1 Building Control and Automation

To control the complex hydraulic system described
above, a sophisticated building automation is
essential. It takes into account the weather data
gathered outside by our meteorological station

and the indoor climate which is monitored by
sensors located in the cupboard zone. Many
parameters are measured: the room and ambient
temperatures as well as those in the tanks,

relative humidity, air quality. According to those
parameters, the building automation system
chooses an adequate mode for heating or cooling
and ventilation. The corresponding devices are
turned on or off automatically, mass flow rates and
outlet temperature of the heat pump are appointed,
valves and mixing valves are set according to the
requirements. For the cooling scenario, this reaction

occurs always in the following priorities:

PVT

Collector

Storage
Tank

300 |

1) PCM ceiling,

2) Ventilation tower,

3) Cross ventilation,

4) Active ventilation heat recovery,

5) Low energy cooling system (free cooling mode)
6) Indirect evaporative cooling

7) Reversible heat pump/ radiant floor

Passive technologies are prioritized and then the
technologies that require low parasitical energy. But
not only the conditioning systems are controlled,

but also the sun shading elements and the lamella
glazing. The windows in the gaps and the openings
of the ventilation tower are connected to the building
automation system, but have to be operated by
hand. The building automation gives a specific visual
signal to the inhabitants when the conditions allow

the use of the ventilation tower and the inhabitants

RF

Activated radiant floor

@--

AHU

Air handling unit

PCM

Phase Change Materials

I ____.m___a_.%q__D_J

Legend:

Flow

Return

—————  Flow

3-Way Valve

L]

adjustment valve

o

T - i
Heat sink Tank O
1.200 |

sl
=
S e

HP

Reversible Heatpump
In the drawings ME-221 till 225 is
showed and dircribed the different
possibilities of the hydraulic system

depending the exterior conditions.

Figure 1.8: Hydraulic schema of the System
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can decide if they want to use it. The inhabitants can

control all these actions also by the touch panel.

3.2 Reversible heat pump (HP)

A reversible water/water heat pump provides
heating in winter and cooling in summer to the
house through an activated radiant floor (RF). On
the source side, the heat pump is coupled with
the so-called heat sink tank (1200 liters). In winter,
the HP takes heat out of the heat sink tank and
releases it into the house through the radiant floor.
As described above, the heat sink tank is powered
by the evacuated tube collectors. In summer, the
HP extracts heat from the building (via the radiant
floor) and releases it into the heat sink tank. The
HP with its capacity cooling of 2.4 kW is another
new development of the home* SDE-team and a
specialized company, intended to be developed

further on after the competition.

3.3 Activated radiant floor (RF)

The activated radiant floor (30 m?) distributes the
energy from the heat pump in winter and summer.

It can also be activated in “free cooling” mode in
summer. In this case, cold water is taken directly out
of the heat sink tank and pumped to the radiant floor.
This free cooling mode is only possible when the
temperature in the tank is below 18-19°C. This tank
has to be cooled down by radiative cooling through
PVIT modules in the summer and heated up in the

winter due to the evacuated tubes.

3.4 Photovoltaic-Thermal Modules (PV/T)
The hybrid photovoltaic and thermal modules have
two mains functions: generate electricity (all year
long during the day) and cool both heat sink tank
and PCM ceiling during the night (summer) by
radiative cooling to the clear night sky. Radiative
cooling is based on the heat loss over long-wave

radiation emission from one body towards another

body of lower temperature, which of acts as a heat
sink. In our case, the cooled body is the PVT module
surface and the heat sink is the sky (since the sky
temperature is lower), especially during night, than
the temperatures of most of the objects upon earth.
As there are currently no appropriate PV/T modules
on the market which are optimized for this very
special use we had to develop them for the SDE.
The development went through different 1:1 mock-
ups and has been tested to be working very well.
Our PVIT collectors are uncovered without any
insulation box in order to maximize the heat losses
to the ambient for night cooling applications. For
this reason, there is no risk of water evaporation
inside the collector during stagnation in summer.
The maximum expected temperature in standstill

is the same as a normal PV module (around 80°C)
which is far from the evaporation temperature of

pressurized system.

3.5 Air handling unit with evaporative
cooling (AHU)

Whenever it is either too hot or too cold to get
fresh air by just opening the windows or the
ventilation tower, the mechanical ventilation system
is activated. An integrated heat recovery system
reduces heat losses in winter and unwanted heat
gains in summer. In summer, additional cooling

is provided through indirect evaporative cooling.
The exhaust air is moistened as much as possible
(close to saturation) and therefore cooled down
before exchanging its heat with the ambient air
through the heat exchanger. In extreme conditions,
the reversible heat pump can supply cooling or
heating to the mechanical ventilation system via an
additional water/air heat exchanger. This allows a
quicker response to the peak loads than the radiant

floor.
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Part 2 Section | - Influence of Energy Analysis on House

Design and Competition Strategy

From the beginning of the competition we developed
a design based on bioclimatic aspects and passive
solar means. Subsequently the design was modified
and refined through analysis, e.g. technologies and
weather data. The architectural and engineering
design reached its final stage after elaborative

simulation and testing.

During the past year extensive simulations as well
as experiments including 1:1 prototype and mock-
ups concerning the crucial components of our
concept have been carried out. The results of these
examinations led to various design decisions which
have been integrated in the further planning of our

building.

The simulations mainly dealt with:

- the thermal quality of the building envelope,

- shading devices and required radiation
characteristics of glazing’s to avoid unwanted solar
gains,

- dimensioning of the heat pump, solar collectors

and the storage tank,

- dimensioning of the photovoltaic components
- size and opening direction of windows with regard

to optimal air flow.

Whenever possible we used approved simulation
tools such as TRNSYS or INSEL. For specific
problems like the behavior of the ventilation tower or
the PV/T modules at night, we developed our own

models.

The most innovative components of our concept
such as the ventilation tower and the PV/T modules
on the roof could not be dimensioned solely by
simulation since the required input data were not
available. They had to be determined experimentally.
Therefore full-scale mock-ups and prototypes for
these components were set up and tested which
provided valuable information concerning their
construction and energy output. At the beginning,
we tested the market available PV/T hybrid
collectors to get information about the power and
the construction of them, but finally we decided to

build the PVT collectors by ourselves. The behavior
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of the ventilation tower was studied on more mock-
ups; a 1:1 scale prototype for the maximal cooling
load, construction and openings to the interior and

a 1:20 scale mock-up for the wind tunnel tests was
built. In this way it was possible to make pressure
measurements on 59 pressure taps for the wind flow

behavior.

Finally, several decisions were made for reasons
of design or construction. For example, moveable
sun shading had to be added at the south side of
the loggia, because simulations showed that the
diffuse radiation would increase the external loads
in an unacceptable way. Effects of all of these
changes on the performance of the building had

to be checked. For this purpose design decisions
were communicated and the simulation model was
adjusted to these modifications continuously and the
design changed according to the simulation results.
Since the beginning of the design development, we
used this strategy to control the deployment of the
heating and cooling demand and respectively the

building envelope.

In this way, it was possible to dimension the various

components.

When most of the components have been
conceived, a sophisticated simulation model was set
up in TRNSYS 16 [1]. It covers the building itself and
all technical components. As no regular TRNSYS
types were suitable for our innovative components
like the ventilation tower and the PV/T collectors we
programmed new types based on physical theories
and our experiments. This model was used for the
annual analysis as well as for the development of

the control strategy.

In the following, the questions are presented in
detail. The long-term simulation results of the
whole system are shown in the next Part 3. Tables
and diagrams showing the respective simulation /

experimental results are also included in the annex.
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1. Thermal quality of the
building envelope

Ouir first priority to ensure the temperatures is to
reduce the exterior loads. This are reached through
the high insulated envelope and forceful shading.
The first interior layer consists of 75 mm of veneer
plywood; it is part of the load bearing structure.
Moreover it provides thermal mass to stabilize

the indoor climate. On their outside, the plywood
elements are covered with Vacuum Insulation
Panels (VIP) which serve as thermal insulation.
Another layer shields the sensitive VIPs from

mechanical damage.

As the thermal conductivities of the VIPs on the one
hand and wood on the other hand differ strongly
(0.004 W/m-K vs 0.13 W/m-K, i.e. factor 30),
however, the battens are thermal bridges which
cannot be neglected. To reduce the influence of
these weak spots, the VIPs are applied in two
layers and integrated into a counter-batten system.
Moreover the battens are made of highly insulating
recycled polyurethane instead of wood wherever
possible. Only the most heavily loaded battens
which carry adjacent building elements are made

of OSB. Table 1.1 in annex 1 shows these various
layer and u-values, which are achieved for the
walls, roof and floor. This data were also used in the
simulation program TRNSYS. The layers are always

defined from inside to outside.

2. Shading devices and glazing charac-
teristics

Previous simulation studies show the influence of
different glazing and shading strategies for each
opening of the house. The choice of glazing (Version
11) was based on these simulation results. We
choose this because the results are the best relation
between the u-values, shading method and location.
(Table 1.2 Annex 2)

The porch on the south side of the building offers
weather protection for the underlying loggia and in
addition provides efficient shading for the generous
south glazing. Through the analysis of shading
variations (Table 1.2), are also in the south a vertical
sun protection necessary to prevent the warming up
of the interior by diffuse light. Above the horizontal
glazing of the gaps are located the evacuated tubes
collectors (without reflector plates). The vertical
windows within the gaps are protected with a highly
reflective movable sunscreen of fabric, which are
located between the insulation glazing the exterior
lamella glazing. Table 1.3 shows the characteristics
of the glazing for the windows, which results from

the parametric studies.

Table 1.3: Glazing and frame

U (W/m2K) g [] Tvis [-] \
X - properties used for
Triple glazing (north) 0.4 0.4 0.62 simulations
Triple glazing (all
others) 0.52 0.58 0.74
Frame windows tower 1.8 - -
Frame other windows 1 - -

Project Manual, 22 September 2010



113

3. Dimensioning of the heat pump, solar
collectors and the storage tank

For the dimensioning of the technical system

the behavior of the building had to be simulated,
firstly, in an annual view without consideration of
the integral technology, to determine the energy
consumption and the attacking heating load and
cooling load. The only technical component the
ventilation system with heat recovery and indirect
evaporative cooling device is depicted in the model,
as it is an established system with known behaviors.
The simulation result shows the current heating

or cooling load, which has to be covered by the
innovative components - the PCM ceiling with the
PVT-Modules, the ventilation tower, and radiant
floor cooling with reversible heat pump. Due to the
complexity of modeling the Ventilation Tower, they
have not been integrated at first into the TRNSYS
simulation model and have been simply ignored
(Since the last Deliverable we have developed

the model of the VT and the result are presented
later in the next part and in the annex). Because
the building is laid out primarily for the location in
Madrid, afterwards three warmest summer months
were simulated to determine the upcoming top load
on one day.

These previous simulation had shown that in case
of the consideration of the warmest day there arises
a top cooling load of 2,7 kW which must be covered
by the whole system (without the ventilation system).

We used these results (after the deliverable #4)

for the dimensioning and commission of the heat
pump and the other devices. Due to the heat pump
is also used for the cooling in summer, results the
dimensioning of them, of this top load results and is
dimensioned about 2,4 kW (by 18°C cool water inlet
temp. and 40°C condenser inlet temp.). In our case,
the device used is not market available and will be

manufactured for our needs as the air handling unit.

The collector area of 6,60 m2 is quite large for 2
people hot water needs and a 300 liters tank. This
area has been chosen together with the heat sink
tank (source side of the heat pump) volume (1200
liters) in order to avoid the use of an additional
electrical back-up in the heat sink tank for the
climate of Madrid. Indeed, pure water is used the
heat sink tank and attention has to be paid in winter
to prevent freezing. Such a large collector area will
cause stagnation in summer. In order to enhance
the emptying behavior of the collectors during
stagnation, the collectors are slightly titled (3°).
Therefore, the amount of steam produced is limited
to the collector volume and the expanded fluid is
directed to the expansion vessel which has been
especially dimensioned to avoid any damages of
the collector loop components (pump, valve, heat
exchanger,..) due to the propagation of superheated

steam.

The base of these simulations are the strictly
specification of the contest. The weather data which

have been used are described in Part 3 Section II.
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4. CFD-Simulation - Optimization of air
flow

This work is based on CFD-Simulation generated
by the program named FLUENT 6.3, developed
by the Company ANSYS. The CFD stands for
Computational Fluid Dynamics. That means the
use of numerical methods and algorithms to solve

diverse fluid mechanical problems. The equations

are based on the fundamental laws of mechanics
like the conservation of mass, momentum and
energy. This results in Navier-Stokes equations
that are a nonlinear partial differential equations
set, that can be solved by computer iterations.
There are many different CFD-Software suppliers
on the market and some of them are more or less

specialized on special investigation fields. Further

the method can be used for a large variety of
engineering tasks. The spectrum of applications
ranges from aeronautics and space to the

automotive industries.

Research targets

The designed building by the Team HFT for the solar

decathlon Europe 2010 is strongly dependent on FigUTEESs
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s
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200300
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Figure 2.1
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the wind conditions in Madrid. In the following work,
the main aim is to analyze the internal airflow in the

building caused by wind force.

Wind sources

First of all it was important to analyze the wind

rate in Madrid. The data was gathered from the
International Weather for Energy Calculation (IWEC)
and source but also from Metenorm[2]. In the figure
(2.1) you can see the South wind development
during June. According to that data we can expect
wind rates with highest values of 5 m/s almost every

day.

Wind tunnel

The wind tunnel research and obtained data were
the foundation for the program settings used for
the calculations. For the wind tunnel tests, the
Office “Wacker Ingenieure” (2.2) nearby Stuttgart
built a model with scale 1:20 from the students’
draft. In this way it was possible to make pressure
measurements on 59 pressure taps that were
installed in the model (2.3).

Simulations model
For the numerical simulation it is first important to
build a digital model. That was done in a separate

program called Gambit, a product from the company

Absorber

Light gap

ANSYS. This model was exported to Fluent and
contains more than 600.000 Cells (2.4). The
computer for calculations had an Intel CPU E8400
Due Core with 3.0 GHz and 3 GB RAM. One

simulation took approximately 180 Min.

Fluent settings
Fluent is a very complex tool that has a big spectrum
of adjustments. It takes a lot of time to learn

how it works and which settings are appropriate.

Il

1l
I

Figure 2.4
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Conditions, as for example here are the inlets and
outlets used. The values for the pressure inlets were
obtained from the wind tunnel measurements. This
is very important because in that way we can gain

realistic conditions of wind impacts.

Simulation cases

The simulation cases are subdivided according to
the wind directions, meaning all four points of the
compass and the special case without any wind.
More than 20 simulations were calculated and only a
few points are outlined here.

In Picture (2.5) shows a case with 3 m/s Wind
speed. The red color gives an airflow that is higher
than 0.5 m/s. According to EN ISO 7730, any speed
above 0.2 m/s leads to drought characteristics.
Further it was possible to see the volume flow and

air change rate (2.6).

For the interior air flow, it was possible to discover
which minimal speed is required to obtain a quality
air exchange. In the Picture (2.7), 0.1 m/s and right
0.2 m/s inlet air speeds remain as displayed by the
path lines. In Picture (2.8) shows an investigation of
an assortment of the window directions. In the left
picture, a strong one sided flow is visible while the
right picture shows a better air disposition. In this
way, it was possible to decide in which direction the
windows should open.

In the last Picture (2.9), path lines are shown from
the top view. Here there are two variations with west
wind, in each case with one window closed. This

is important because the inhabitants control the
windows by themselves. Therefore it is necessary to

predict the airflow in each particular case.
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5. Ventilation Tower

5.1. Performance and construction of the
ventilation tower (mock-up)

In order to determine the performance capabilities of
the Ventilation Tower, a 1:1 mock-up was built. The
base construction of the mock-up is wood frame,
5.16 min height, 1.96 m wide and 1.06 m deep. The
frame was built of 8 x 8 cm construction studs. In
the frame cavities as the wall of the energy tower, 8
cm thick PUR/PIR insulation boards (Linitherm Pal
S) with aluminium and plastic flashing are used as
an air/vapour barrier (figure 2.10 and 2.11).

Within the tower in the upper wind openings, a wood
structure was installed to support the mesh with a
surface area of 4.9 m2 each. The mesh is made

of thin cotton fabric and is completely moistened
within 35 min. A water reservoir catches the
moisture and leads it back into the water circulation
by pump, so that only the evaporated water is lost.
In order to measure the evaporative air cooling,
humidity sensors capable of determining both air
temperature and humidity were installed every 0.6
m (figure 2.12). In this way an altitude profile for
the humidification and air cooling in the Ventilation
Tower can be generated (figure 2.13). The air is
cooled as depicted in the diagram from 30.7 to

21.8 °C with an air flow of 556 m3/h. The absolute
humidity increases at the same time from 0.0058

to 0.0095 kg/kg and as such remains below the
humidity limit 0.0106 kg/kg.

With the measurements made with the prototype,
the flow parameters (heat, mass transfer, drive
pressure etc.) of the Ventilation Tower could

be determined and a simulation using an Excel
spreadsheet was calculated. The simulation was
validated using the measurements and a simulation
using the climate data of Madrid was carried out.
The simulation results included the air temperature

and humidity of the exhaust volume of the Ventilation

Figure 2.10: Mock-up

Figure 2.12: Mock-up inside
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Tower and the required evaporation area. The

calculated cooling was based on 25 °C. Since the
Ventilation Tower does not operate continually and
makes sense only at temperatures above 22°C, the
simulation was done only at higher temperatures.
This determines the operation times. The simulation
shows that the Ventilation Tower will operate for up
to 173 hours in June with a dynamic water supply of

the meshes. The operation would make sense for

a further 86 hours in June, but the Ventilation Tower
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is not capable of conditioning the air adequately.
During operation 400 m3/h will be transported on
average through the Ventilation Tower. The median
air temperature of the exhaust volume is 19.7 °C in
this time, so that the Tower has a total cooling of 110
kWh in June (Figure 2.14 and 2.15). In this way,

the Ventilation Tower can contribute extensively to

hygienic air ventilation and cooling.

Figure 2.13: Mock-up inside

Figure 2.14: Simulation

Figure 2.15: Simulation
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5.2 Hygiene of the Ventilation Tower

As the water used inside the energy tower is
absorbed by the air and consequently inhaled by
the inhabitants of the house, questions of hygiene
and health protection demand detailed attention.
Legionella are small water-borne bacteria that can
cause severe ilinesses. They are found most likely
in stagnant water at temperatures of 25 — 50°C, e.g.
in hot water tanks. We want to take advantage of
the well-known anti-bacterial effect of silver ions. By
yielding silver ions continuously to the water, it can

be kept aseptic.

Silver coated Textiles

Whereas the basic anti-bacterial effect of silver

is universally known, further research allowing
guantitative conclusions was rare until recently.
This prevented the scientific principle from being
transferred into reliable practicable applications.
Within the last few years, however, intense research
has been carried out which led to a deeper
understanding of the mechanism, the development
of disinfection devices on a laboratory scale, and
finally to commercially available products.
Aresearch [3] project conducted by Silvertex
corporation in cooperation with Technische
Universitat Dresden (Dresden Technical University)
and several partners during 2006 — 2008 dealt
with the development of silver coated 3D-textiles
(pictures besides). Due to their high interior surface
they allow for high rates of silver ion transmission
into the adjacent water. The textiles can be
integrated into tube systems as well as in water
tanks. Various tests have shown that they not

only keep water systems free from contamination,
they even purify water that was contaminated
intentionally beforehand. Long-term tests with 1ms3-
tanks at 45°C proved reliable performance over

several months [4].

d B o TR "

Figure 2.16: Silverized 3D-textiles

Although the risk of legionella growth within the
energy tower seems rather low as no temperatures
over 30°C are expected in the pump pit, a

strategy to avoid bacterial contamination has been
developed. It depends mainly on the application of
silverized 3D-textiles (figure 2.16) in the pump pit.
The base area of the pump pit will be lined with such
textiles. Dimensions, characteristics and degree of
silverization of the textile lining have to be configured
in order to ensure:

- sufficient concentration of Ag+ ions in the
circulating water

- a long-lasting depot effect for long-term
functionality

The textile lining the pump pit therefore will be
dimensioned in close cooperation with Silvertex,
taking advantage of the company’s long experience
in the field of water dis-infection, in order to obtain a

fully reliable safe system of passive air cooling.

5.3 Modeling Ventilation Tower

Caused by the complexity of modeling the tower, we
had ignored them in the simulation model within the
last deliverable #5. But after knowing the behavior
due to the mock-up results mentioned in point 5.1
we had developed a model and integrated it in the
whole simulations. In the next part are presented
these results and in the annex this model is

described.
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6. Performance and construction of
PCM-ceiling

The heat quantity that can be stored in the passive
cooling ceiling can easily be calculated based on
the heat capacity of the integrated PCM boards.
This capacity however can be fully utilised only if the
construction of the ceiling allows for a sufficient heat
transfer rate under the conditions of the contest.

To make sure that the PCM ceiling will be able to
completely load and unload during a day-night-cycle
and thus contribute to the cooling load as intended a
mock-up was built to measure its thermal absorption
under realistic conditions. It consists of the ceiling
element itself which is insulated on its upper

side and four wall elements and a base made of
aluminium cladded polyurethane foam boards which
have a U-value of 0.30 W/(m-K). The cover of the
setup can be removed so that the PCM compound
boards can easily be replaced. A dimmable light bulb
serves as heating device to simulate internal and
irradiation loads. It can be controlled via a computer
which simultaneously logs the measured data and

controls the cooling load. A radiation barrier between

the light bulb and the cooling ceiling assures that the
box is heated up exclusively by convection.

The mock-up is meant to represent the situation
within the home™ building as accurate as possible.
Therefore its size was dimensioned so that the ratio
of ceiling surface to air volume exactly equates to
the one present at the home+ building. The specific
heat transmitting surface of the box per m3 of air
volume, however, is much bigger than the one of
the building due to geometry. To take into account
the heat gains from the environment in a realistic
manner nevertheless, the temperature difference
between inside and outside has to be adapted
taking into account the U-values of the thermobox’s
envelope, its heat transmitting surface and its
volume of the space as well as the correspondent
values of the real building.

At present the setup is being completed by
connecting the cooling ceiling to a heat exchanger.
Subsequently several day-night-cycles can be
simulated in real time. The temperatures measured
in the thermobox will give direct information about
the performance of the PCM ceiling and its influence

on the room temperature.

thermobox
(insulated)

pcm ceiling element
(gypsum plasterboard cover)

low emission layer

radiation shield

thermocouples

(g light bulb)

eater (dimmabl

Figure 2.17: Thermobox in
the laboratory; right: layout
of the test stand
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Figure 2.19: Detail of the mock-up

7. Performance and construction of PVT-
cooling devices

PCM ceiling and Night sky radiative

cooling system in general

Phase Change Materials are substances, which can
absorb more heating load than other materials. They
change their aggregate state from solid to liquid at

a certain temperature. Through latent heat storage

it releases the heat over a time-lag. During the day,
the PCM ceiling of home* uses the latent heat of
the PCM to store the heat and maintain the room
temperature around the melting temperature 21-
23°C.

In the one period at night, the PCM ceiling is actively
regenerated using cold water from the night radiative
cooling system on the roof, the Photovoltaic/
Thermal hybrid collectors (PV/T collectors). In the
remaining period the cold water will be stored in a
cold storage tank and can be used during the day

to activate the radiant floor, which cools down the
interior temperature (free cooling) (Figure 2.20 and
2.21). Radiative cooling is based on heat loss by
long-wave radiation emission from a body towards
another body of lower temperature, which plays

the role of a heat sink. In the case of buildings, the
cooled body is the building surface and the heat
sink is the sky (since the sky temperature is lower -

especially at night - than the temperatures of most

Figure 2.18: Mock-up of the ceiling

of the objects on earth). Sky temperature during
summer nights can be <0°C, with clear summer
night sky conditions, sky temperatures of even -10°C

could be achieved|[5].

PVIT construction and experimental set-up
Water based PV/T collectors are normally used
during the day for electricity generation and thermal
applications. Depending on the application, the
main objective might be either electricity production
or thermal output. In the first case, the fluid has

to cool down the PV cells as much as possible in
order to increase their efficiency. In the second
case, one expects a certain outlet temperature of
the fluid for a certain application (domestic hot water
preparation, thermal cooling ...). The design of the
PVIT collectors will depend mainly of the objective
defined. Figure 2.22 shows the two main types of
PVT collectors available on the market which are
uncovered (n°1) and covered (n°2)

To the knowledge of the authors, PVT collectors
have not been used yet for night radiative cooling
application. This kind of application requires a
special construction of the PV/T module which
allows a maximum heat loss by long-wave radiation

emission from the collector toward the sky. That
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Figure 2.20: First period at night

is why the uncovered design has been chosen.
Furthermore, the thermal contact between the
absorber and the PV module has to be as high as

possible.

Testing the PV/T-Modules

Within the last 10 years, the company PVTwins
(Zen Renewables Netherlands) has put a lot effort
in improving the thermal contact between absorber
and PV, developing their own technique for the
absorber/PV module assembly. Their uncovered
PVIT collectors have been tested on the roof of HFT

Stuttgart in order to estimate the cooling potential

Figure 2.22: Uncovered and covered PVT collectors
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Figure 2.21: Second period at night

during the night. To guaranty optimum night sky
radiation it is necessary to have a clear view of the
sky in all directions. The collector tested is a sample
provided by PVTwins and has 0.64 m? aperture area.
With this setup it is possible to determine the cooling
power of two modules at the same time and also
measure this with very high temperature differences
between the water and ambient air, or at almost the
same temperature levels.

This whole analysis of the ,Zen renewables” PVT-
collector and PV/T-collectors for night sky radiative

cooling in general, has been done as a bachelor

thesis.
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Figure 2.23 shows the collector tested Figure 2.24 shows the experimental set-up on the roof
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System simulation model

A detailed model of the PV/T collector was
generated in TRNSYS. It is a detailed physical
model which is based on the approach developed
by Duffie and Beckmann [6] for normal thermal
collectors. This model has been adapted for an
uncovered flat plate collector used for radiative
cooling application by Erell and Etzion [7]. Based on
the same approach a model has been developed
for an uncovered and non-insulated PV/T collector
used for night radiative cooling. Further details to the
simulation model are given in the simulation input
report and the results are given in the Part 3 of this
document. This model has been validated against
measurement data of the experimental set-up for a
period of 45 hours (Figure 2.28).

The maximum deviation in outlet temperature
between simulated and measured values is less
than 2 °C. The deviation in the global energy
balance over the period is less than 1 %. The model

will be then used for system simulations.

The purpose of the system simulation is to check if
the heat absorbed by the PCM ceiling and the heat
ejected by the reversible heat pump into the tank
during the day can be released to the environment
by radiative cooling with PV/T collectors during the
night. The results are positive since the temperature
in the heat sink tank was kept low even while
considering low performance of the heat pump.

Therefore no additional back-up is necessary.
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Figure 2.28: Measured and simulated of PVT collectors at the Stuttgart HFT.
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Figure 2.27: Scheme of the prototype which is being developed

Night radiative cooling with PVIT collectors for

home* during competition - Global concept

For the SDE competition, the night radiative cooling
system consists of 39 m2 of PV/T collectors located
on the roof. The will be used during the night first to
regenerate the PCM ceiling and then to cool down
the 1.2 m3 storage tank used as a heat sink for the

chiller during the day.

As no adequate collectors fitting the geometry of our
building were commercially available we decided

to built them ourselves. Thus the PV-modules from
Ertex Solar had to be laminated with absorber plates
and pipe coils. We chose preconfigured aluminium
plates which were easy to handle as 15 mm copper

pipes could be directly clipped into them.

Since the energy yield strongly depends on thermal
transmission between the copper pipe and the glass
surface finite elements simulations with FEMLAB
were carried out to analyze the influence of the
glue’s thermal conductivity and possible air pockets
(2.28). At the same time different kinds of glue were
tested for their heat resistance and their thermal
behaviour in general by exposing them to varying
temperatures in a conditioning cabinet. Finally

500 m of copper pipes had to be bent, clipped into
the absorber plates and put into a moulding tool.
Like this they could be precisely glued to the PV

modules.
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Figure 2.29: Building the PV/T collectors by students
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Part 3 Section Il — Projected Performance of Final House

Design on an Annual Basis

The long-term behaviour of the building was
simulated using the aforementioned comprehensive
TRNSYS 16 [1] model, in order to predict the energy
consumption of the house and optimize the control
strategy. It considers the interaction between all

of the technical components and the room, e.g.

the waste heat of storage tanks and machinery, as
well as efficiency factors of the components. Thus

it represents the indoor climate of the building in a
realistic manner. Moreover, to produce conservative
results and avoid overly optimistic projections, the
hottest period of the climate data was used for the
simulation. More information’s to the simulation

are given in the simulation input report in the next

deliverable.

The results of the simulation will be presented in
this part. First, the solar thermal plant is discussed,
then the main features of heating and cooling
consumptions of the different systems presented in
detailed. Additionally, the results that influence the
decisions on the dimensioning of the system are
also discussed. In this part are also presented the

results of the ventilation tower. The global electricity

balance which takes into account the consumption
of all the equipments is discussed together with the
results of the PV simulation in Part 4. Example days
are shown in order to demonstrate how the comfort
is maintained in the house. Different simulations
have been done for different weather conditions and
different uses of the building. An annual simulation
for a normal use of the house has been realized for
the weather conditions of Madrid and Stuttgart. And
a simulation in competition condition has been done
for the hottest period in Madrid. More information
about TRNSYS can be found in Annex 3.

As the annual simulation is meant to reproduce
typical occupancy behaviour and energy responsible
attitude rather than the exceptional conditions of
the Solar Decathlon Europe, however, the internal
loads and the permitted indoor temperatures were
changed compared with the short-term simulation
of the contest week. For the yearly simulations, the
comfort criterion is to keep the house temperature
always between 20 and 26°C. For the competition
simulation, the house temperature has to be kept
between 23 and 25°C. The internal loads are

indicated in in Annex 4.
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1. Weather Data

The version 6.0 of Meteonorm [2] has been used

to provide the weather data of both Madrid and
Stuttgart. The data generated with Meteonorm are
Typical Meteorological Year (TMY) and they are
based on measurement data between 1991-2000
for radiation and 1996-2005 for temperatures. The
figures 3.1 and 3.2 in Annex 5 show monthly results
of radiation and temperature for both locations.

A more detailed description of Meteonorm software

can be found in Annex 6.

2. Internal gains

Different loads patterns have been defined for yearly
and competition simulations. The internal loads for
the yearly simulation have been defined according
to a normal use of the house (2 people living in

the house and only one working outside during the
day). The thermal and moisture gains due to the
occupancy and the use of the different equipments
of the house are shown in figure 3.3 for one week.
The gains were separated in convective and

radiative parts (conv and rad in the figure). Figure

3.4 shows the gains defined for the competition
according to the planning given by the organisation
committee. Those load profile has been read by the
data reader of TRNSYS. More information on these
internal gains and the schedules defined for the
different equipments can be found in annex 4 and

the datasheets of the appliances in annex 14.

3. Solar thermal system

3.1. Yearly simulation Madrid

Figure 3.5 and 3.6 show the main results of the
simulation. The solar fraction is defined according
the domestic hot water demand only. This means
that it takes into account only the auxiliary energy
needed for hot water (and not for the heat sink
tank). The solar system can meet the DHW demand
almost the all year except in winter when it has

to supply heat to the heat sink store. The annual
specific yield of the solar system is 263 kWh/m?2. It
is not a very high value for DHW preparation. This
is due to the relatively high area installed (6.6 m?)
for a 2 people house. The dimensioning of the solar
thermal system has been done in order to be able

to feed the heat sink store in winter when the heat
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Figure 3.3: Internal gains for the year
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Figure 3.5: Monthly energy yield of the solar thermal system in Madrid
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Figure 3.6: Solar fraction of the solar thermal system over the year in Madrid

Project Manual, 22 September 2010



131

pump is working in heating mode and takes heat out
of the heat sink store. Figure 3.7 in Annex 7 shows

how the solar system works in winter.

3.2. Yearly simulation Stuttgart

Figure 3.8 and 3.9 show the main results of the
simulation. In this case, the solar fraction is much
less than in Madrid since the solar system has to
feed a lot more heat into the heat sink store for
the heat pump operation. Actually, it is not enough
to cover the demand of the heat pump and an

additional auxiliary electrical had to be put in the

heat sink store. The electricity consumption of this
heater will be discussed later on.

The solar specific yield of the solar system is similar
to the one of Madrid (257 kWh/m2a) since the solar
system runs much more in winter at low temperature

for feeding the heat sink store.

3.3. Competition simulation Madrid

Figure 3.10 shows the main results of the simulation.
100 % of the hot water needs are covered by

the solar system and the specific yield over the 3
months is 79 kWh/mz2,
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Figure 3.8: Monthly energy yield of the solar thermal system in Stuttgart
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Figure 3.9: Solar fraction of the solar thermal system over the year in Stuttgart
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Figure 3.10: Monthly energy yield of the solar thermal system in Madrid (competition conditions)

4. House energy demand

In this part will be detailed the contribution of

each system to the heating and cooling demand

of the building. For the yearly simulations, as
mentioned the comfort criterion is to keep the house
temperature always between 20 and 26°C. For the
competition simulation, the house temperature has
to be kept between 23 and 25°C.

Table 3.4: Heating demand of the house in Madrid

4.1 Yearly simulation in Madrid
4.1.1 Heating demand
The heating demand of the house is covered with

the heat pump through the radiant floor (Table 3.4)

4.1.2 Cooling demand

The cooling demand of the house is covered with
different systems (Table 3.5 and figure 3.11)

For the radiant floor free cooling and heat pump

modes have to be distinguished (Table 3.6)

Total heating demand (kWh)

Specific heating demand (kWh/m?)

Annual COP of the heat
pump in heating mode (-)

273 kWh 4.9

4.3

Table 3.5: Cooling demand of the house in Madrid

Total cooling demand (kWh) 2234
Specific cooling demand (kWh/m?) 39.9
Specific cooling energy through radiant floor 19.7
(kWh/m?)

Specific cooling energy through indirect 9.1
evaporative cooling (kWh/m?)

Specific cooling energy through ventilation 1.1
tower (kWh/m?)

Specific cooling energy through PCM ceiling 11.1
during the night (kWh/m?)
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Cooling demand distribution (kWh/m?)
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Figure 3.11: Cooling demand distribution (kWh/m?)

Table 3.6: Radiant floor cooling energy distribution

Total specific energy
through radiant floor
(kWh/m?)

Specific energy through
radiant floor in free
cooling mode (kWh/m?)

Specific energy through
radiant floor in heat
pump mode (kWh/m?)

Annual COP of the
heat pump in
cooling mode (-)

19.7

7.3

12.4

4.0

4.1.3 Radiative cooling with

PVT collectors

Since radiative cooling with PVT collectors is a

new concept, the simulation results are discussed

in more details. The mean cooling power achieved

with this system is shown in table 3.7. Since the

temperature levels are not the same, different

Table 3.7: Radiative cooling power with PVT collectors

cooling powers are achieved for the cooling of the

PCM ceiling or for the cooling of the heat sink tank.

Another interesting feature to measure the efficiency

of this process is the electrical COP (Table 3.8)

Mean cooling power global | Mean cooling power when | Mean cooling power when

(W/m?) connected to PCM ceiling | connected to heat sink tank
(W/m?) (W/m?)

43.8 31.0 46.4

Table 3.8: Electrical COP of radiative cooling with PVT collectors

Electrical COP global (-)

to PCM ceiling (-)

Electrical COP when connected

Electrical COP when connected
to heat sink tank (-)

32.5

13.6

75.4
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4.2. Yearly simulation Stuttgart

4.2.1 Heating demand

The heating demand of the house is covered with
the heat pump through the radiant floor and also
through the ventilation system with the heating coll
(Table 3.9).

Table 3.9: Heating demand of the house in Stuttgart

Total heating | Specific  heating | Specific heating | Specific heating | Annual COP of the
demand (kWh) demand global | demand  radiant | demand heating | heat pump in

(kWh/m?) floor (kWh/m?) coil (kWh/m?) heating mode (-)
2027 kWh 36.2 36.2 0.0 4.1

4.2.2 Cooling demand

The cooling demand of the house is covered with
different systems (Table 3.10 and figure 3.12). For
the radiant floor free cooling and heat pump modes
have to be distinguished (Table 3.11). The radiant

floor is operated most of the time in free cooling

mode. Since the heat sink store is maintain to a low
temperature, the annual COP of the heat pump in
cooling mode is very high. Therefore, the cooling

concept is working with a really high efficiency.

Table 3.10: Cooling demand of the house in Stuttgart

Total cooling demand (kWh) 823
Specific cooling demand (kWh/m?) 14.7
Specific cooling energy through radiant floor 6.7
(kWh/m?)

Specific cooling energy through indirect 2.5
evaporative cooling (kWh/m?)

Specific cooling energy through PCM ceiling 5.3
during the night (kWh/m?)

Specific cooling energy through ventilation 0.2
tower (kWh/m?2)

Table 3.11: Radiant floor cooling energy distribution in Stuttgart

Total specific energy
through radiant floor
(kWh/m?)

Specific energy through
radiant floor in free
cooling mode (kWh/m?)

Specific energy through
radiant floor in heat
pump mode (kWh/m?)

Annual COP of the
heat pump in
cooling mode (-)

6.7

5.0

1.7

5.4

Project Manual, 22 September 2010




135

Cooling demand distribution (kWh/m?)
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Figure 3.12: Cooling demand distribution (kWh/m?2)

4.2.3 Radiative cooling with PVT collec-

tors

The mean cooling power achieved with this
system in Stuttgart is shown in table 3.12. Since
the temperature levels are not the same, different
cooling powers are achieved for the cooling of
the PCM ceiling or for the cooling of the heat sink
tank. Since the ambient temperature is lower than
in Madrid, a higher cooling power is achieved

when the system is connected to the PCM ceiling.

Nevertheless, since the heat pump runs less, the
heat sink tank temperature is most of the time lower
than the room temperature and then the cooling
power obtained when the system is connected with
the heat sink tank is lower. The another interesting
feature to measure the efficiency of this process is

the electrical COP (Table 3.13).

Table 3.12: Radiative cooling power with PVT collectors

Mean cooling power global | Mean cooling power when | Mean cooling power when

(W/m?) connected to PCM ceiling | connected to heat sink tank
(W/m?) (W/m?)

40.0 335 42.6

Table 3.13: Electrical COP of radiative cooling with PVT collectors

Electrical COP global (-)

Electrical COP when connected
to PCM ceiling (-)

Electrical COP when connected
to heat sink tank (-)

32.9

32.3

32.8
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4.3. Competition simulation

Since the competition is in June in Madrid, cooling the house is the most challenging part. The simulation
period is from June to August. The results will be detailed for the hottest week (unfavourable case) of this

period and a “cold” week (favourable).

4.3.1 Unfavourable case

4.3.1.1 Cooling demand
The cooling demand of the house is covered with different systems during the hottest week (Table 3.14 and
figure 3.13).

Table 3.14: Cooling demand of the house in Madrid during the hottest week

Total cooling demand (kWh) 179.9
Specific cooling demand (kWh/m?) 3.2
Specific cooling energy through radiant floor 1.6
(kWh/m?)

Specific cooling energy through indirect 0.7
evaporative cooling (kWh/m?2)

Specific cooling energy through cooling coil 0.4
(kWh/m?)

Specific cooling energy through PCM ceiling 0.5
during the night (kWh/m?2)

Specific cooling energy through ventilation 0.1
tower

Average COP over the week (-) 3.05

Figure 3.13: Cooling demand distribution during the hottest week (kWh/m?)

Cooling demand distribution (kWh/m?)

0.1 B Radiantfloor
B [ndirect evaporative
cooling

® Cooling coil

B PCM ceiling

m Ventilation tower

Water consumption evaporative cooling: 9 kg
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For this extreme week, the radiant floor was not operated in free cooling mode. Figure 3.14 show the results
of the simulation for the hottest days of the year (40°C outside) and that the temperature is kept below 25°C

almost the all time.

Figure 3.14: Temperature and cooling power for the hottest days

- JRNEXE: E:VAntoine\SDEVSimulationd10_01_25V10_01_25 WBW.dck
Calculations  Plot Options — Abaut

Temperatures [°C] ¢/ ACH[1h] / COP Conling power [W]

— Tamh — 1283 Qsal_tr — QAHU_HX

— Troom Qgains — Qpvt_pem

— ACH — Taky — Obta — Qpv_RKsp
cop — TRKsp — apcm

— Tsupply — QAHU_hum

40,00 4000
/ Tamb

32.00 A 3200

I

¥ |
| * \
.
i

o

(=]

[&]

Z 2400 N e / M 2400

=~ e ) A

- iR e S

< 2

Qo

_ o
\

o =

= S

© 16.00 1600 ®

=]

2

g Tsup_air

o

£ .

K Qrad floor Qind_eva

8.00

0.00 1]
4820.00 4827 67 4835.33 4843.00 485067 4858.33 4866.00 487367 4881.33 4889.00 489667 4904.33 4912.00
J Simulation Time =5832.00 [hr]
=

4.3.1.2 Radiative cooling with PVT collectors
The mean cooling power achieved with this system in Madrid during the hottest week is shown in table 3.15.
Since the temperature levels are not the same, different cooling powers are achieved for the cooling of the

PCM ceiling or for the cooling of the heat sink tank.
The cooling power achieved when the PVT collectors are connected to the heat sink store is really high
because the heat pump releases a lot of heat during the day (temperature up to 60 °C) as seen in the figure

3.15.

Table 3.15: Radiative cooling power with PVT collectors in Madrid (hottest week)

Mean cooling power global | Mean cooling power when | Mean cooling power when

(W/m?) connected to PCM ceiling | connected to heat sink tank
(W/m?) (W/m?)

89.6 23.2 156.8
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Figure 3.15:

Radiative cooling with PVT collectors (Madrid hottest days)

Table 3.16: Electrical COP of radiative cooling with PVT collectors

Electrical COP global (-)

Electrical COP when connected
to PCM ceiling (-)

Electrical COP when connected
to heat sink tank (-)

68.5

16.6

141.6

4.3.1.3 Comfort criteria

Important parameters for the comfort inside the house are the operative temperature, the relative humidity
and also the surface temperature of the activated radiant floor. Figure 3.16 shows the operative temperature,
the room temperature and the surface temperature of the activated floor for the hottest week.

Figure 3.17 shows the psychrometric chart of the simulated room temperatures and humidity ratios.

The yellow zone defined of the psychrometric chart corresponds to the comfort zone defined by the

organisation.
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Figure 3.16: Temperature for thermal comfort in the house

Solar Decathlon Europe - Comfort zone for the hottest week

Comfort zone ———
Simulated points

Absolute humidity [g/kg]

20

Dry bulb temperature [°C]

Figure 3.17: Psychrometric chart of the simulated values for the hottest values
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4.3.2 Favourable case

4.3.2.1 Cooling demand

The cooling demand of the house is covered with different systems during the favourable week (Table 3.17
and figure 3.18) and also the radiant floor, free cooling and heat pump modes have to be distinguished
(Table 3.18).

Table 3.17: Cooling demand of the house in Madrid during the temperate week

Total cooling demand (kWh) 124
Specific cooling demand (kWh/m?) 2.21
Specific cooling energy through radiant floor 1.19
(kWh/m?)

Specific cooling energy through indirect 0.72
evaporative cooling (kWh/m?2)

Specific cooling energy through cooling coil 0.10
(kWh/m?)

Specific cooling energy through PCM ceiling 0.19
during the night (kWh/m?2)

Specific cooling energy through ventilation 0.07
tower (kWh/m?)

Figure 3.18: Cooling demand distribution during a favourable week (kWh/m2)

Cooling demand distribution (kWh/m?)

0.07 m Radiant floor
M |ndirect evaporative
cooling

® Cooling coil

B PCM ceiling

B Ventilation tower

Water consumption evaporative cooling : 7.5kg

Table 3.18: Radiant floor cooling energy distribution for a temperate week

Total specific energy
through radiant floor
(kWh/m?)

Specific energy through
radiant floor in free
cooling mode (kWh/m?)

Specific energy through
radiant floor in heat
pump mode (kWh/m?)

Average COP of the
heat pump in
cooling mode (-)

1.19

0.93

0.26

5.1
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4.3.2.2 Radiative cooling with PVT collectors
The mean cooling power achieved with this system in Madrid during the temperate week is shown in table
3.19. Since the temperature levels are not the same, different cooling powers are achieved for the cooling of

the PCM ceiling or for the cooling of the heat sink tank.

Table 3.19: Radiative cooling power with PVT collectors in Madrid (temperate week)

Mean cooling power global | Mean cooling power when | Mean cooling power when

(W/m3?) connected to PCM ceiling | connected to heat sink tank
(W/m?) (W/m?)

41.1 25.9 39.8

Table 3.20: Electrical COP of radiative cooling with PVT collectors (temperate week)

Electrical COP global (-)

Electrical COP when connected
to PCM ceiling (-)

Electrical COP when connected
to heat sink tank (-)

31.7

11.6

43.8
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Part 4 Section Ill — Electrical Energy Balance Report

4.1 Description of Methodology
Contemporaneous to the design development
of the envelope we looked out to integrate
efficient modules and to maintain the aesthetical

requirements.

Since the beginning of the competition we focused
on high energy generation. We analyzed different
photovoltaic technologies regarding technical
properties, module efficiency, design potential

and the architectural integration into our building
concept. In the beginning we investigated thin film
modules in detail, but because of the lower module
efficiency compared to crystalline modules we
averted this technology. With our crystalline solution
we are able integrate a more efficient energy layer
outside the thermal covering. Another reason was
the design aspect. Since thin film producers are
working on higher module efficiency, design aspects
are not as much in focus right now. Our solution

allows a certain transparency and different coloring.

During the planning process the energy generation
concept of the buildings was calculated according
to the locations Stuttgart and Madrid. Energy

demand of the house was simulated by average

consumption data from German households and
calculated against the generated energy. These
calculations began with estimations and high
uncertainties, but improved continuously throughout
the planning. While architectural and design issues
were discussed, the consequence to the energy
generation concept always have been updated and

considered into the decisions.

In the beginning the building was simulated in
TRNSY'S without including systems engineering
and detailed electrical consumers. TRNSYS [1] is

a flexible tool designed to simulate the transient
performance of thermal energy systems. Through
these first results of the building simulation the
cooling and heating demand could be discussed.
This was also the basis for the first PV dimensioning
with the software INSEL. It provides plenty of
well-validated simulation models, which support

in particular with problems on renewable energy
systems. The application fields of INSEL [8] cover
the topics solar irradiance simulation, photovoltaics
and solar thermal applications. The research centre
zafh.net is currently developing simulation models

for building energy research, energy management
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of real estates, data communication. Weather

data has been used from METEONORM, which

is a comprehensive meteorological reference,
incorporating a catalogue of meteorological data and
calculation procedures for solar applications and

system design at any desired location in the world.

In the next step the TRNSYS building model was
extended with systems and control engineering.
Predefined profiles of households including
temporary asynchronous electrical loads (e.g.
lighting and household appliances) were added

to the model. We checked the assumptions of

the household profiles with real data from the
manufacturers of the considered appliances. It
was important for us to get a precise image of the
real system in TRNSYS to get an understanding of
how architectural, design or systems engineering
changes affect the overall performance of home+.
Therefore we included the systems engineering
very detailed up to every pump and valve. Through
the results of our TRNSYS model we can predict
the electricity production during the competition

in Madrid very well. We included the expected
weather conditions and a self developed user
profile including the activities of the event calendar.

A different user profile was created for our yearly

Figure 4.1: home*

simulations. This profile consists of two persons with
average activities where one person works abroad

and one at home.

The sophisticated simulation model allowed us to
analyze different variables. For example different
weather conditions have been studied. Now all
components have been configured to keep up

the functionality of the building even if the worst
case scenario takes place. Finally we optimized

the photovoltaic modules according to orientation,
alignment and integration into the design aspects

of the architectural structure. Since the roof area
has the highest irradiation and therefore has the
greatest energetical potential, we agreed on mono
crystalline modules. On the facade we simulated
many options and found out, that we could consider
colored, poly crystalline modules without decrease in
efficiency, but with better integration options into the
architectural design. Out of this requirement evolved
a technical innovation since for the first time different
colored cells are laminated together to one module.
Through the simulation, different constellations
regarding energy conversion were examined. This
lead to the conclusion, that the PV modules on

the roof should be connected to two inverters to

maximize the energy yield.
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Finally, we used the results of the simulations for the
electrical energy balance. Therefore we subtracted
the expected electricity demand of all consumers
from the total produced energy yields. We also

did a detailed analysis of the electricity we will be
inducting into the system during the competition and

how much we have to take out of the electricity grid.

4.2 List of the electric loads

The table in the annex 4 shows the schedule for the
electrical household appliances and all interior and
exterior lights during the contest week and in normal
use. The technical characteristics to them are listed
in the list of appliances and the lighting narrative.
The data sheeds of the household appliances are in

annex 14.

4.3 Description of the PV installation
and conversion

For electricity generation, a large PV system of 12.5
kWp is installed on the roof and both, the west and
east facades. Each fagade is completely covered
with 7 polycrystalline PV-Modules (3 kWp each)
except for the gaps. On the roof, two different types
of modules are installed; 12 small polycrystalline
PV-Modules (1.5 kWp) are located on the east and
west sides and 12 monocrystalline PV/T modules
(photovoltaic/thermal collectors) (5 kWp) in the
middle of the roof. The conversion from DC current

to AC current is done with 5 inverters (Type AT 2700)

respectively: one for the east facade, one for the
west facade, one for the roof-edge and two for the
PV/T-Modules. Two different inverters for the PVT
modules have been planned because some of them
are shaded by the tower and some of them not.
According to the simulation, 12.5 % more electricity
can be produced if the PVT modules are connected
to 2 different inverters (which mean 2 different MPP

trackers).

The innovation in this system is that within the
polycrystalline PV glass/glass modules two different
solar cells are combined and integrated. The reason
for applying two different types of solar cells for

roof and facades is a matter of design. Whereas

the multicolor cells on the facade are an important
design feature of our house, the monocrystalline
cells on the roof have been selected to provide a
maximum of power output per roof area. To link

the two areas, we have introduced a new way to
combine differently colored cells in a dot-like pattern
to achieve a transitional effect from one to the other
area: The fagade modules will turn with their colors
gold and bronze around the edge, then becoming
black with the monocrystalline modules in the middle
of the roof. The manufacturer of the PV-Cells and
inverters is Sunways AG in Konstanz (Germany).
The Manufacturer of the PV glass pieces is ERTEX-
Solar (Austria). More information are included in PV

System Report.
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12 x Sunways AG 1 x Sunways AG
12 _- Solar-Decathlon- Ubergangsmodul_V: AT 2700
% 0°; o 2,7kW —
I I kWh
6 x Sunways AG 1 x Sunways AG
6 - Solar-Decathlon- PVT-Kollektor V3 41 AT 2700
% 0% Mho ?! 2, 7KW
7 x Sunways AG 1 x Sunways AG
7 - Solar-Decathlon- Fassadenmodul-V3 AT 2700
% 90°; AA-90° ?! 2,7kW
7 x Sunways AG 1 x Sunways AG
. _7_ . _- Solar-Decathlon- Fassadenmodul-V3 AT 2700
% 90°; Nhoo° ?! 2,7kW

6 x Sunways AG 1 x Sunways AG

.6 __ _- Solar-Decathlon- PVT-Kollektor V3 41 AT 2700
¥ 0°; Ahoe ?! 2,7kw

=]

Figure 4.2: Schema of the PV modules / Inverters configuration

PV - Facades PV - Roof edge PVIT collector

Comprehensive Energy Analysis and Discussion Report



homet

Earthing system, cables, wiring method

and protection

All PV-glass panels are frameless, so there is no
connection for grounding. The substructure will be
connected to grounding. All modules connected to
the inverters through the wiring routes beyond them
and go under the terrace to the porch where the
inverters are. For the cables we use special solar
cables, which have a double insulation. In the PV
system are integrated cutouts and discharger, on the

grid site of the inverter.

4.4 Description of the tools

used for the simulations

The simulation of the PV system has been done
using the simulation environment INSEL [8] which

is especially appropriate for electrical system
simulation. This software has been chosen because
of its flexibility for simulating electrical system.
Furthermore, since the electricity generation does
not influence on the thermal behaviour of the house,
it can be simulated separately without eliminating
any useful interaction between the system and the
building. More information about INSEL can be
found in Annex 8.

Additionally, the PV system has been also simulated
with the commercial software PV-Sol from the
company Valentin [9]. Both results have been
compared and will be shown in the results section.
The results of them are very similar (difference less
than 2%).

Weather data and shading

The weather data of Meteonorm [2] have been used
for the PV simulation. The weather data processing
(calculation of the radiation on different PV surfaces)
have been done with TRNSYS and used as input

in the INSEL simulation environment. Also the
shading of the wind tower on the PV modules (of

both south and north side of the tower) has been

considered. The detailed shading calculations have
been done in TRNSYS and used as input in INSEL.
Intentionally, the calculations have been assumed
very pessimistic: once one PV module is a little bit
shaded, the power output of the all array is set to
0. The choice and the dimensioning of the inverters

have been done based on those calculations.

NOTE:

During the last months, since the last deliverable, it
was possible to develop some components of the
system much more, in order to get results of the
max. output power or energy consumption. The
following components are studied and integrated in
the whole analysis for the Electrical Energy Balance
and that is also the reason way the annual energy
consumption is decreased since the last deliverable:
- The ventilation tower is included in the simulation
model after knowing the behavior from mock-up and
contributed its part to the cooling load as a passive
component.

- The area of the PV/T collectors is more than
before.

- We have tested all the electrical household
appliances to know about their real consumption,
the reached temperature and the conductivity to

the interior, whereas the results are better than

expected.

As shown in the next pages the energy consumption
of the simulation results are decreased and we are
able to make properly specifications to the 50%

rule of the electrical energy consumption which is
85 kWh during the competition as indicated in the

favorable case.
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4 5 Results of the simulations

The detailed simulation results are included in Annex 9-11.

4.5.1 Yearly PV simulation Madrid

The main results of the simulation done with INSEL are shown in Table 4.1 and figure 4.3.

Annual results Madrid Value Unit
Total module area 98.8 | m?
Total power installed 12.55 | kWp
Number of inverters 5]-
Total inverter consumption 136.8 | kWh
Irradiance horizontal 162331 | kWh
Irradiance on PV generator 123004 | KWh
DC energy 12188 | kWh
AC energy 11415 | kWh
PV efficiency 9.91 %
Inverter efficiency 93.65 | %
specific yield 910 | kWh/kWp
Performance ratio 73.1|%
System efficiency 9.28 | %

Table 4.1: PV simulation results for Madrid

Energy AC[kWh]
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Figure 4.3: Monthly results of AC energy produced (Madrid)
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4.5.2 Yearly PV simulation Stuttgart

The main results of the simulation done with INSEL are shown in Table 4.2 and figure 4.4:

Table 4.2: PV simulation results for Stuttgart

Annual results Stuttgart Value Unit
Total module area 98.8 | m?
Total power installed 12.55 | kWp
Number of inverters 5

Total inverter consumption 133.3 | kWh
Irradiance horizontal 107716 | kWh
Irradiance on PV generator 82402 | kWh
DC energy 8050 | kWh
AC energy 7445 | kWh
PV efficiency 9.77 | %
Inverter efficiency 92.48 | %
specific yield 593 | kWh/kWp
Performance ratio 71.1|%
System efficiency 9.03 | %

Figure 4.4: Monthly results of AC energy produced (Stuttgart)
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4.6. Electrical balance

4.6.1 Yearly simulation Madrid MSR correspond to the electricity consumption of
The global electricity consumption over the year the building management system (control box). This
has been calculated according to the schedule consumption has been estimated with a constant

defined and the control implemented. All equipments  power of 180 W. This value has been measured for
have been considered except the motor of the a similar system. Figure 4.6 shows the electrical
shading devices. Figure 4.5 shows the electricity balance over the all year.

consumption distribution.

Figure 4.5: Annual electricity consumption (Madrid)

Annual electricity consumption Madrid (kWh)

109

120

B Inverters

W Appliances

m Fans

B HP compressor

m MSR

 Auxiliary heater solar

m Pumps

Total: 3819 kWh

Production Consumption

11415
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4000 -

Energy AC[kWh]

2000 -

Figure 4.6: Annual electrical balance (Madrid)

MSR = Building Control and Automation

Comprehensive Energy Analysis and Discussion Report



homet

4.6.2 Yearly simulation Stuttgart

The global electricity consumption over the year

has been calculated according to the schedule
defined and the control implemented. All equipments
have been considered except the motor of the
shading devices. Figure 4.7 shows the electricity

consumption distribution.

The electricity consumption is a lot higher than

for Madrid. This is mainly due to the electricity
consumption of the heaters in the solar tank and in
the heat sink tank.

Nevertheless, the electrical balance over the year is

still clearly positive (figure 4.8).

Figure 4.7: Annual electricity consumption (Stuttgart)
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Figure 4.8: Annual electrical balance (Stuttgart)
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4.7. Competition simulation Madrid

4.7.1 Unfavourable case: hottest week If we considered this consumption for an annual

The electricity consumption distribution during the basis, the yearly consumption would be : 6682 kWh
hottest week is shown in figure 4.9 and the electricity

balance over the week is shown in figure 4.10.

Figure 4.9: Weekly electricity consumption (unfavourable case)

Electricity consumption competition week (kWh)
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Figure 4.10: Electricity balance over the week (unfavourable case)
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4.7.2 Favourable case: temperate week

The electricity consumption distribution during If we considered this consumption for an annual
the hottest week is shown in figure 4.11 and the basis, the yearly consumption would be: 4437 kWh
electricity balance over the week is shown in figure

4.12.

Figure 4.11: Weekly electricity consumption (favourable case)
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Figure 4.12: Electricity balance over the week (favourable case)
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4.8 Energy and Carbon
Dioxide Recovery Time

The payback time for the PV modules has been
calculated according an EU funded project.

The methodology for the calculation of the Energy
and Carbon Dioxide Recovery time for the PV
modules is obtained from the Crystal Clear project
and the data that is published by the Energy
research Centre of the Netherlands. The most
current information was presented by Mariska de
Wild Scholten [10]. Therefore the calculation method
and the data from her last presentation is used as
the calculation basis and adapted to the home+
installation and the location of Madrid

(see table 4.3 in Annex 12).

The primary energy demand for mono- and
polycrystalline modules is 2.860 MJ/m2 respectively
2.699 MJ/m2. Since we have a thicker glass in our
Ertex modules we estimated our modules to be 6
mm thicker than the ones calculated by de Wild
Scholten. Data from GaBi 4 Software was used for
estimating the primary energy demand of the thicker
glass. The software system GaBi is a tool for build
up life-cycle-balances. The data for the module and
the additional glass considered is summed up and
related to our yearly specific gains.

We calculated with a density of 2500 kg / m3

which lead to 15 kg / m2. With a specific primary
energy demand of about 17 MJ / kg this adds up

to about 270 MJ / m2, The data for the module and
the additional glass considered is summed up and
related to our yearly specific gains.

According to our energy simulations the specific
yields are 163 kWh/(m2*yr) and 92 kWh/(m2*yr) for
mono- respectively polycrystalline modules. The
energy yields are inducted into the Spanish national
grid. The national grid mix for Spain is 11.43 MJ /
kwWh. Therefore 1 kwWh inducted energy from our PV

devices substituted 11.43 MJ.

The energy payback time can be found by relating
the energy gains to the primary energy used during
the production phase. The division leads to 1.68
years for mono and 2.83 years for the polycrystalline

PV modules.

The carbon dioxide payback time is calculated
differently, but also obtained from a presentation of
Mariska de Wild Scholten [11]. Firstly the specific
carbon emissions per kWh are used to calculate the
total carbon emissions that are emitted through the
production of a 1 m? module. The specific CO2-e
Emissions of one produced kWh are 29 g CO?2 e for
mono and 28 g CO2 e for polycrystalline modules.
With the assumptions of de Wild Scholten of a PV
lifetime of 30 years, system performance ratio of
0.75, solar irradiation of 1700 kWh/m2a and system
efficiency of 0.14 (mono) and 0.132 (poly) the total
amount of produced energy during the lifecycle can
be calculated. When related to the specific GWP
Emissions, the total GWP potential of the production
of 1 m2 PV can be concluded.

These emissions are related to the yearly electricity
yield of the modules. In Spain 0.64 kg CO2 eq. are
emitted during the generation of 1 kWh (GaBi 4
data set). The results in table 3 shows that the CO2
payback time for mono crystalline modules (1.49
years) and poly crystalline modules (2.41 years) is

very low.

Restrictions

The results can only be seen as estimation.
Different studies use various system boarders for
the calculation. In the Crystal Clear study the clean
room and the technical building devices have not
been considered which also have an impact on the
results. If an end of life scenario is also taken into

consideration, the payback time is lower.
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4.9 Temporary Generation-Consumption
Correlation

While it is important to know the factor of the total
generation against the total consumption of our
electrical devices, the temporary correlation between
generation and consumption is also interesting to
know. As it can be obtained from figure 4.13, home™*
has an electricity surplus during the day and a
demand during the night. However, the electricity
induction into the grid mix during the day is very high
compared to the electricity demand from the grid at

night.

We calculated the correlation for one week in Madrid
for an unfavorable case and a favorable case (see
figure 4.14). While the induction in both cases
outnumbers the grid demand it can be seen, that in
both cases the hourly comparison between induction

and demand is similar.

6000
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Figure 4.13: Hourly Correlation of Electricity Generation and Consumption for one week (favorable case)
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Figure 4.14: Electrical Correlation for favorable and unfavorable week in Madrid
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Annex 1

Table 1.1 House construction

No | Layer Thickness Therm'aI. Thermal Densit ]
conductivity | capacity y
2
m) (WImK) | (3/kgK) | (kg/m?) (V\}’é;”
1 | Massive wood 0.075 0.18 1600 700
Wall 5 V_apuum Insulation filled with 0.040 0.007 1000 190 0.16
facade silica
3 | OSB Plate 0.020 0.13 1700 600
1 | OSB Plate 0.022 0.13 1700 600
2 | Sheep wool 0.160 0.04 1000 50
3 | OSB Plate 0.025 0.13 1700 600
Roof Vacuum Insulation filled with
(without | 4 i 0.040 0.013 1000 190 0.11
PCM) perlite
5 | OSB Plate 0.020 0.13 1700 600
6 | Sheep wool 0.050 0.04 1000 50
7 | OSB Plate 0.020 0.13 1700 600
1 | Floor cover (wood) 0.010 0.17 1400 600
2 | Wood 0.030 0.13 1700 400
3 | OSB Plate 0.030 0.13 1700 600
Floor 4 | Sheep wool 0.240 0.04 1000 50 0.10
, )
(27.1m%) M5 T 5SB Plate 0.022 0.13 1700 | 600
6 \S/iﬁé:;um Insulation filled with 0.024 0.007 1000 190
7 | OSB Plate 0.020 0.13 1700 600
1 | Floor cover (wood) 0.010 0.17 1400 600
2 | Dry radiant floor (wood) 0.030 - - -
Fi 3 | OSB Plate 0.030 0.13 1700 600
oor
(Activate 4 | Sheep wool 0.240 0.04 1000 50 0.10
d30m?) | 5 |OSB Plate 0.022 0.13 1700 600
6 \s/iﬁ(c:;um Insulation filled with 0.024 0.007 1000 190
7 | OSB Plate 0.020 0.13 1700 600
1 | Massive wood 0.075 0.18 1600 700
2 | Airgap 0.008 0.025 - -
3 | OSB Plate 0.020 0.13 1700 600
wall Y, Insulation filled with 0.13
groove | 4 | <o T MSHEHOn THEC W 0.040 0.007 1000 | 190 |
5 | Sheep wool 0.042 0.04 1000 50
6 | OSB Plate 0.012 0.13 1700 160
Wall 1 | Vacuum insulation (silica) + 0.040 0.013 1000 190 | 0.308
Tower thermal bridge
1 | Massive wood 0.075 0.18 1600 700
Wall 5 \S/iﬁg;um Insulation filled with 0.040 0.007 1000 190
gg[}{]h 3 | OSB Plate 0.020 0.13 1700 600 0.13
4 | Sheep wool 0.050 0.04 1000 50
5 | OSB Plate 0.012 0.13 1700 600
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Annex 2

Table 1.2 Parametric studies for glazing and shading
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Annex 3
TRNSYS program description

The program TRNSYS is a complete and extensible
simulation environment for the transient simulation of
thermal systems including multi-zone buildings. It is
used to validate new energy concepts, from simple
solar domestic hot water systems to the design

and simulation of buildings and their equipment,
including control strategies, occupant behavior,
alternative energy systems (wind, solar, photovoltaic,
hydrogen systems), etc.

This program has an open, modular structure

and the source code of the kernel as well as the
component models is delivered to the users. This
simplifies extending existing models to make

them fit the user’s specific needs. The DLL-based
architecture allows users and third-party developers
to easily add custom component models, using all
common programming languages. In addition, this
program can be easily connected to many other
applications, for pre- or post processing or through
interactive calls during the simulation (e.g. Microsoft
Excel, Matlab, COMIS, etc.).

Trnsys is used for the following applications:

* Solar systems (solar thermal and PV)

* Low energy buildings and HVAC system (natural
ventilation, slab heating/cooling, double facade, etc.)
* Renewable energy systems

» Cogeneration, fuel cells

» and all that requires dynamic simulation

In Trnsys each physical component e.g. a solar
collector is represented as a so called TYPE

and each Type of component is described by

a mathematical model in the Trnsys simulation
engine. All Types are connected than in the main
visual interface Trnsys simulation studio which is

the graphical simulation environment. The standard
component library contains many Types but can also
advanced by own. So the program suite of Trnsys
consists the following:

- The Trnsys simulation Studio: to create projects by
drag-and-dropping components to the workspace,
connecting them together and setting the global
simulation parameters.

- the simulation engine and its executable: is the
digital library where the input files is read and create
during the simulation output files and presents also
the results graphically.

- the visual interface for the building input data: to
enter input data of the building and to specify all the
building structure details, as well as everything that
is needed to simulate the thermal behavior of the
building, such as windows optical properties, heating
and cooling schedules.

- and the editor: to create stand-alone redistributable

programs known as TRNSED applications.
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Annex 4
Schedule of all Internal Gains

Table 3.1: Schedule in normal use (Note this chart is based on the EL-401b Preliminary Lighting Plan.)

Days Time Pelec (W) Total(W)
Persons Monday-Friday 0-9, 19-24 2 0 120
9-18 1 0 60
Saturday, Sunday 0-24 2 0 120
Shower Monday-Sunday 7-8, 20-21 1 0 0
Fridge Monday- Sunday 0-24 1 25 20
Diswasher Tuesday, Saturday 10-11:30 1 190 9,5
Oven Monday, Saturday 19-20 1 1150 460
Cooker Monday-Sunday 19-20 1 1200 240
Cooker hood Monday-Sunday 19-20 1 76 15,2
8-8:05,
13-13:05,
Coffee machine Monday-Sunday 19-19:05 1 200 40
Washing machine Wednesday, Sunday 10-11 1 240 24
Dryer Wednesday, Sunday 11-12:30 1 650 65
TV/DVD Monday, Thursday 21-22 1 212 42,4
Friday 21-23 1
Saturday, Sunday 21-23 1
Computer Monday, Friday 9-12, 14-19 1 20,7 10,35
Saturday, Sunday 9-12 1
HIFI Monday, Friday 12-13 1 36 18
Saturday, Sunday 13-14,18-20 1
Pendant Lamp Monday-Sunday 19-20 1 27 27
Floor lamp (Livingroom) Monday-Sunday 20-22 1 27 15
Kitchen (Board) Monday-Sunday 19-20 1 15 29
Wall-washer (corridor) 1 Monday-Sunday 19-20 1 54 54
Wall-washer (corridor) 2 Monday-Sunday 19-20 1 54 54
Wall-washer (corridor) 3 Monday-Sunday 20-21 1 54 54
Bath Spotlight Monday-Sunday 19-20 1 15 15
Gaps (6x) Monday-Sunday 21-22 6 3,6
X-Bar(Ventilation T) Monday-Sunday 21-22 1 25
Wall-washer (Loggia) Saturday-Sunday 19-20 1 24
Exterior light 13x Saturday-Sunday 21-22 13 2
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Table 3.2: Schedule of the all internal gains during the contest week

Days Time Pelec (W) Total(W)
Persons Monday 8-11, 21-23 2 0 120
11-13,18-21 8 0 480
13-18 4 0 240
Tuesday 8-10, 14-21 2 0 120
10-14 4 0 240
21-23 8 0 480
8-11, 13-14,
Wednesday 21-23 2 0 120
11-13,18-21 8 0 480
8-11, 13-18,
Thurday 20-21 2 0 120
11-13, 19-20,
21-23 8 0 480
8-11, 13-18,
Friday 21-23 2 0 120
11-13,18-21 8 0 480
8-11, 15-18,
Saturday 21-22 2 0 120
11-15,18-21 8 0 480
8-11, 15-18,
Sunday 21-22 2 0 120
11-15,18-21 8 0 480
Monday, Wednesday, 10-10:10,
Shower Saturday 16-16:10 1 0 0
13- 13:10,
15- 15:10,
Tuesday 18-18:10 1 0 0
15- 15:10,
Thurday 17-17:10 1 0 0
10-10:10,
Friday 14-14:10 1 0 0
10- 10:10,
Sunday 16-16:10 1 0 0
Fridge Monday- Sunday 0-24 1 20 20
Monday- Wednesday 13-14:30
Diswasher Saturday, Sunday 15-16:30 1 190 9,5
Oven Monday, Wednesday, 13-14 1 1150 460
Saturday, Sunday 10-11
Tuesday, Thursday 9-10, 20-21 1
Cooker Monday, Wednesday, 9-10 1 1200 240
Tuesday 15-16, 20-21 1
Thursday 13-14,20-21 1
Friday 13-14 1
Cooker hood Tuesday, Thursday 20-21 1 76 15,2
Coffee machine Tuesday, Thursday - - 200 40
Washing machine Monday, Thursday, 14-15 1 240 24
Tuesday 16-17
Wednesday 13-14

Saturday, Sunday 15-16
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continuance Table 3.2: Schedule of the all internal gains during the contest week

Days Time Pelec (W) Total(W)
Dryer Monday, Thursday, 15:30-16
Tuesday 18:30-19
Wednesday 15:30-16
Saturday, Sunday 17:30-18 1 650 65
TV/DVD Monday 11-14,18-21 1 212 42,4
10-12, 16-18,
Tuesday 21-23 1
Wednesday, Friday 11-13,18-21 1
11-13, 18-20,
Thursday 21-22 1
Saturday, Sunday 11-15,17-21 1
Computer Monday 11-14,18-21 1 20,7 10,35
10-12, 16-18,
Tuesday 21-23 1
Wednesday, Friday 11-13,18-21 1
11-13, 18-20,
Thursday 21-22 1
Saturday, Sunday 11-15,17-21 1
HIFI Monday 11-14,18-21 1 36 18
10-12, 16-18,
Tuesday 21-23 1
Wednesday, Friday  11-13,18-21 1
11-13, 18-20,
Thursday 21-22 1

Saturday, Sunday 11-15,17-21 1
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continuance Table 3.2: Schedule of the all internal gains during the contest week (lights)

Days Time Pelec (W) Total(W)
Monday-Thursday,

Pendant Lamp Sunday 21-23
Saturday 21-24 1 27 27
Monday, Wednesday,

Floor lamp (Livingroom) Sunday 21-23
Saturday 21-24 1 27 15
Monday-Thursday,

Kitchen (Board) Sunday 21-23 1 15 29
Saturday 21-24 1
Monday, Wednesday,

Wall-washer (corridor) 1 Sunday 21-23
Saturday 21-24 1 54 54
Monday-Thursday,

Wall-washer (corridor) 2 Sunday 21-23 1 54 54
Saturday 21-24 1
Monday, Wednesday,

Wall-washer (corridor) 3 Sunday 21-23
Saturday 21-24 1 54 54

Monday,

Monday, Wednesday, Wednesday,

Bath Spotlight Sunday Sunday
Saturday Saturday 1 15 15
Monday, Wednesday,

Gaps (6x) Sunday 21-23
Saturday 21-24 6 3,6
Monday, Wednesday,

X-Bar (Ventilation T) Sunday 21-23
Saturday 21-24 1 25
Monday, Wednesday,

Wall-washer (Loggia) Sunday 21-23
Saturday 21-24 1 24
Monday, Wednesday,

Exterior light 13x Sunday 21-23
Saturday 21-24 13 2
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Annex 5
Weather Data Figure 3.1: TMY Weather data for Madrid (Meteonorm 6.0)
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Annex 6
Meteonorm software description

Meteonorm is a comprehensive meteorological
reference, incorporating a catalogue of
meteorological data and calculation procedures for
solar applications and system design at any desired
location in the world. [1] Including the following
database for solar energy applications:

- a meteorological database containing
comprehensive climatological data for solar

engineering applications.

- a computer program for climatological calculations.

- a data source for engineering design programs in
the passive, active and photovoltaic application of
solar energy with comprehensive data interfaces.

- a standardization tool permitting developers and
users of engineering design programs access to a
comprehensive, uniform data basis.

- meteorological reference for environmental

research, agriculture, forestry etc.

The database conceals not only numerous
databases from all parts of the world but also a
large number of computational models developed in
international research programs.

Meteonorm is primarily a method for the calculation
of solar radiation on arbitrarily orientated surfaces.
The method is based on databases and algorithms
coupled according to a predetermined scheme. It
commences with the user specifying a particular
ocation for which meteorological data are required,
and terminates with the delivery of data of the
desired structure and in the required format.
Depending on user requirements, the calculation
procedure employs between one and four
computation models (Table below). The table shows
the sequence in which the computational models
are coupled in generating hourly radiation data on
an arbitrarily orientated surface at a site for which no

measurements are available.

Interpolation with monthly average
value model Gh, Ta

Space dependent interpolation of horizontal radiation and
temperature based on weather data taking

altitude, topography, region, etc. into account

Hourly value generator Gh, Ta

Stochastic generation of time dependent global horizontal
radiation and temperature data having a

quasi-natural distribution and an average monthly value
equal to the average value over 10 years

skyline effect, hourly value model

Radiation resolution Gh, Gdh, Bn Resolution of global radiation into diffuse and direct
Components
Radiation on inclined surface with | Calculation of hemispherical radiation on arbitrarily

orientated surfaces taking the reduction due to skyline
Gk profile into account
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In addition to the monthly values, Meteonorm
provides maximum radiation values under clear sky
conditions.

Owing to the comprehensive framework chosen for
the present edition, certain inconsistencies could
not be avoided. However, it is always possible to
establish which data basis and algorithms were
used. Differences between the various data bases
and algorithms may be summarized as follows:

- Quality of basis data: The radiation data

was subjected to extensive tests. The error in
interpolating the monthly radiation values was 9%,
and for temperature 1.5°C.

- Climatic variations: The radiation data base

is based on 20-year measurement periods, the
other parameters mainly on 1961-90 and 1996-
2005 means. Comparisons with longer term
measurements show that the discrepancy in average
total radiation due to choice of time period is less
than 2% for all weather stations.

- Computational models: The models used in
Meteonorm are designed to calculate radiation

on inclined surfaces and additional parameters.
One or more models are used depending on data
basis. If the results are to be passed on for further
processing, the data basis and models used should
be specified to ensure that the results are correctly
interpreted.

- In general, the hourly model tends to overestimate
slightly the total radiation on inclined surfaces by
0-3% (depending on model). The discrepancy
compared to measured values is £10% for individual
months and +6% for yearly sums.

Features

Database:

- Climatological data of 8055 weather stations.

- Measured parameters: monthly means of global
radiation, temperature, humidity, precipitation,

days with precipitation, wind speed and direction,

sunshine duration.

- Time periods 1961-90 and 1996-2005 for
temperature, humidity, precipitation and wind seed
selectable.

- Updated global radiation database for period 1981-
2000.

- Use of satellite data for areas with low density of
weather stations.

- Inclusion of climate change forecast (Hadley CM3
model).

Models:

- Interpolation models to calculate mean values.

- Minute time resolution for radiation parameters.

- Calculation of radiation for inclined surfaces with
updated models.

- Enhanced temperature and humidity generation for

building simulation.
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Annex 7
Figure 3.7: Winter operation of the solar thermal system

' TRNEXE: E:\Antoine\SDEVSimulation\10_01_25\0_01_25_ year WT.dck

Caleulations  Plat Options  About

Temperatures Heat transfer rates
— Tcol_out — CTRL _Pump — CTRL_pcm
— TRKsp_hot — mdat_col_hx — Epcm
— TRKsp_tap — CTRL stag — CTRL RRsteam — mdot PVT_RKs
TSt t — CTRL sol_RKsp — CTRL RKice — Tpcm_out
— Tsbibot — mdot PYT_pcm — Tpwt_out
120.0 5000
Tcol
. . . T solar tank
ssol | Solar tank feeding Heat sink tank feeding T
A AN T heat sink

4 A - o

720 300.0

! Heat pump draw off
i v L
| | 9 ¢
ALk
ML A L
NN

\ &
0 ! - — — mm— o 00

i) . J
8593.5 8607.5 9621.6 B635.6 86487 8663.7 8677.8 86918 87058 87198 8733.8 8748.0 8762.0
Simulation Time =8760.00 [hr]

Temperatures

Annex 8
INSEL program description

Insel is a general-purpose graphical modeling blocks of the simulation models can be created in
language for computer simulation. In the modular the graphic editor. The software has a block library
simulation environment the simulation models which supported with data for photovoltaic modules,
implemented and connected to each other. The inverters, thermal collectors and meteorological
software visualizes the energy systems and also parameters but can also be extended. The

makes possible to plan and monitor. For this underlying block diagram can be hidden - but a
purpose, Insel provides state-of-the-art functions possible change into the ,detail view" remains

as blocks for the simulation of meteorological data, accessible. In this detail view refinements of the
electrical and thermal energy components, which model can be made and the details can be analyzed.

can be interconnected to a concrete solution. These
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Annex 9

Detailed PV simulation results — Yearly simulation Madrid (INSEL)

East Facade Value Unit
PV module ertex with sunways cells

PV module in serie 7
Module area 3.7|m?
Total area 25.7 | m?
Module power 430.5 | Wp
Power installed 3.01 | kWp
Inverter Sunways AT2700

Inverter consumption 6.5|W
Inverter night consumption 0.06 | W
Inverter operation hour 4269 | h
Inverter electrical consumption 28.0 | kWh
Irradiance horizontal 42245 | kWh
Irradiance east 24922 | kWh
DC energy 2476 | kWh
AC energy 2318 | kWh
PV efficiency 9.93 | %
Inverter efficiency 93.63|%
specific yield 769 | kWh/kWp
Performance ratio 79.3|%
System efficiency 9.30| %
West Facade Value Unit
PV module ertex with sunways cells

PV module in serie 7
Module area 3.7 | m?
Total area 25.7 | m?
Module power 430.5 | Wp
Power installed 3.01 | kWp
Inverter Sunways AT2700
Inverter consumption 6.5|W
Inverter night consumption 0.06 | W
Inverter operation hour 4269 | h
Inverter electrical consumption 28.0 | kWh
Irradiance horizontal 42245 | kWh
Irradiance west 25179 | kWh
DC energy 2452 | kWh
AC energy 2295 | kWh
PV efficiency 9.74 | %
Inverter efficiency 93.61|%
specific yield 762 | kWh/kWp
Performance ratio 77.8|%
System efficiency 9.12 | %
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Roof PV Value Unit
PV module ertex with sunways cells
PV Module in serie 12
Module area 1.2 | m?
Total area 14.4 | m?
Module power 143.5 | Wp
Power installed 1.72 | kWp
Inverter Sunways AT2700
Inverter consumption 6.5|W
Inverter night consumption 0.06 | W
Inverter operation hour 4086 | h
Inverter electrical consumption 26.8 | kWh
Irradiance horizontal 23667 | kWh
Irradiance roof shaded 23667 | kWh
DC energy 1537 | kWh
AC energy 1418 | kWh
PV efficiency 6.49 | %
Inverter efficiency 92.31 (%
specific yield 824 | kWh/kWp
Performance ratio 50.1|%
System efficiency 5.99|%
Roof PVT shaded
PV module ertex with sunways cells6

6
Module area 2.7
Total area 16.5
Module power 399.8 | Wp
Power installed 2.40 | kWp
Inverter Sunways AT2700
Inverter consumption 6.5|W
Inverter night consumption 0.06 | W
Inverter operation hour 4025 | h
Inverter electrical consumption 26.4 | kWh
Irradiance horizontal 27087 | kWh
Irradiance roof shaded 22150 | kWh
DC energy 2141 | kWh
AC energy 1999 | kWh
PV efficiency 9.66 | %
Inverter efficiency 9337 | %
specific yield 833 | kWh/kWp
Performance ratio 62.0 | %
System efficiency 9.02 | %
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Roof PVT non shaded
PV module ertex with sunways cells
PV Module in serie 6
Module area 2.7
Total area 16.5
Module power 399.8 | Wp
Power installed 2.40 | kWp
Inverter Sunways AT2700
Inverter consumption 6.5|W
Inverter night consumption 0.06 | W
Inverter operation hour 4180 | h
Inverter electrical consumption 27.4 | kWh
Irradiance horizontal 27087 | kWh
Irradiance roof 27087 | kWh
DC energy 3584 | kWh
AC energy 3385 | kWh
PV efficiency 13.23 | %
Inverter efficiency 94.45 | %
specific yield 1411 | kWh/kWp
Performance ratio 85.8| %
System efficiency 12.50 | %
PV Module efficiency
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Annex 10
Detailed PV simulation results — Yearly simulation Madrid (PV Sol)
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Annex 11

Detailed PV simulation results — Yearly simulation Stuttgart
East Facade
PV module ertex with sunways cells
PV module in serie 7
Module area 3.7 | m?
Total area 25.7|m2
Module power 430.5 | Wp
Power installed 3.01 | kWp
Inverter Sunways AT2700
Inverter consumption 6.5|W
Inverter night consumption 0.06 | W
Inverter operation hour 4171 |h
Inverter electrical consumption 27.4 | kWh
Irradiance horizontal 28032 | kWh
Irradiance east 17847 | kWh
DC energy 1785 | kWh
AC energy 1655 | kWh
PV efficiency 10.00 | %
Inverter efficiency 92.71 | %
specific yield 549 | kWh/kWp
Performance ratio 79.1|%
System efficiency 9.27 | %
West Facade
PV module ertex with sunways cells
PV module in serie 7
Module area 3.7 | m?
Total area 25.7 | m?
Module power 430.5 | Wp
Power installed 3.01| kWp
Inverter Sunways AT2700
Inverter consumption 6.5|W
Inverter night consumption 0.06 | W
Inverter operation hour 4171 | h
Inverter electrical consumption 27.4 | kWh
Irradiance horizontal 28032 | kWh
Irradiance west 16981 | kWh
DC energy 1670 | kWh
AC energy 1545 | kWh
PV efficiency 9.83 | %
Inverter efficiency 92.52 | %
specific yield 513 | kWh/kWp
Performance ratio 77.6 %
System efficiency 9.10| %
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Roof PV

PV module ertex with sunways cells

PV Module in serie 12
Module area 1.2 | m?
Total area 14.4 | m?
Module power 143.5 | Wp
Power installed 1.72 | kWp
Inverter Sunways AT2700
Inverter consumption 6.5|W
Inverter night consumption 0.06 | W
Inverter operation hour 3976 | h
Inverter electrical consumption 26.1| kWh
Irradiance horizontal 15704 | kWh
Irradiance roof shaded 15704 | kWh
DC energy 935 | kWh
AC energy 841 | kWh
PV efficiency 5.96 | %
Inverter efficiency 89.95 | %
specific yield 489 | kWh/kWp
Performance ratio 44.8 | %
System efficiency 5.36|%
Roof PVT shaded

PV module ertex with sunways cells

PV Module in serie 6
Module area 2.7

Total area 16.5
Module power 399.8 | Wp
Power installed 2.40 | kWp
Inverter Sunways AT2700
Inverter consumption 6.5|W
Inverter night consumption 0.06 | W
Inverter operation hour 3899 | h
Inverter electrical consumption 25.6 | kWh
Irradiance horizontal 17974 | kWh
Irradiance roof shaded 13896 | kWh
DC energy 1280 | kWh
AC energy 1174 | kWh
PV efficiency 9.21|%
Inverter efficiency 91.72 | %
specific yield 489 | kWh/kWp
Performance ratio 58.0| %
System efficiency 8.45|%
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Roof PVT non shaded
PV module ertex with sunways cells
PV Module in serie 6
Module area 2.7
Total area 16.5
Module power 399.8 | Wp
Power installed 2.40 | kWp
Inverter Sunways AT2700
Inverter consumption 6.5|W
Inverter night consumption 0.06 | W
Inverter operation hour 4080 | h
Inverter electrical
consumption 26.8 | kWh
Irradiance horizontal 17974 | kWh
Irradiance roof 17974 | kWh
DC energy 2380 | kWh
AC energy 2229 | kWh
PV efficiency 13.24 | %
Inverter efficiency 93.69 | %
specific yield 929 | kWh/kWp
Performance ratio 85.2 %
System efficiency 12.40 | %
PV Module efficiency
— 0.16 -
E 0.14
.g 012
:*'E 0.10 W Ets PV east
o 0.08
—_— W Eta_PV_west
2 006
o W Eta_PV_roof
Q 004
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Annex 12
Table 4.3

ion

Energy and Co2 Payback Calculat

Description Unit Mono _ Poly _moc_,nm of data
Mariska de Wild-Scholten, 6. Workshop Photovoltaik-Modultechnik,
26-27 November 2009, Koln; http://www.apollon-
eu.org/Assets/20091218-
Energier%C3%BCcklaufzeiten%20f%C3%BCr%20PV-

Primary Energy Demand for Production of PV module [MJ/m?] 2.860 2.699 |Module%20und%20Systeme%20-%20deWild%20-%20final.pdf
GaBi 4 dataset on glass inkluding End of Life (see "Summary of
considered materials" in the sustainability report), Asumption:

Additional primary energy considered for thicker glasses [MJ/m?] 270 270 |Thickness of glass 0.006 m * density 2.500 kg/m3 = 15 kg/m2

Total Primary Energy Demand for Production of PV module [M)/m?] 3.130 2.969 |Addition of the first two numbers

Energy Output per Year (kWh/(m?*yr) 163 92 energy simulation (see energy report)

Primary Energy Factor Power Grid Mix Spain MJ/kWh 11,4 11,4 [GaBi 4 data set (www.gabi-software.com)

Primary Energy Factor Power Grid Mix Spain * Installed Capacity at

Avoided Primary Energy Demand by PV generated energy [G)/year] 1.863 1.048 |home+

Energy Payback Time (Primary Energy Demand) years _ 1,68 _ 2,83 __u_,mBm_.< Energy Production / Avoided Primary Energy Demand PV

Description Unit _ Mono _ Poly _woc_.nm of data
Wild-Scholten,M., presented at 2nd EPIA International

Specific CO2 eq. Emissions for PV produced electricity g Co2 eq./kWh 29,00 28,00 |[Thin Film Conference on Nov 12, 2009
Wild-Scholten,M., presented at 2nd EPIA International
Thin Film Conference on Nov 12, 2009;

Assumptions: 1700 kWh/m?a * 75% system performance ratio * 30

Generated kWh during lifetime of PV modules kWh/m? 5.355 5.049 |years lifetime * 0,14 (mono) respectively 0,132 (poly) efficiency

Total CO2-eq. Emissions for Production of PV modules kg/m? 155 141 ([Specific CO2 eq. Emissions * Generated power during lifetime PV

Energy Output per Year (kWh/(m?*yr) 163 92 energy simulation (see energy report)

Carbon Dioxide Eg. Factor Power Grid Mix Spain kg Co2 eq./kWh| 0,64 0,64 [GaBi 4 data set (www.gabi-software.com)

Avoided CO2eq. Emissions by PV generated energy [G)/m?] 104 59 Energy Output per year and m? * specific CO2 Emissions Grid Mix Spain

Payback Time (CO2-eq. Emissions) years _ 1,49 2,41 _nONmn. Emissions Production PV / Avoided CO2 Emissions by PV
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Annex 13
Ventilation tower modelling

1. Introduction

One of the key components of the home+ energy concept is the so-called “Ventilation tower”. The principle
is inspired by wind towers (or wind catchers) that have been used in traditional architecture throughout

the Middle East and Central Asia for centuries to promote natural ventilation, sometimes incorporating
evaporative cooling. In a traditional wind tower, air entering through the windward opening at the top with
positive wind pressure leaves the tower through openings that have a pressure coefficient that is lower. The
air may be cooled if it flows over moist surfaces [12]. Such a process is called downdraught evaporative

cooling and is used in our energy tower. Figure 1 shows the schema of the ventilation tower principle with

moist textiles.

Vo 2R eREEN

|
—p 2} GRAYITY-SHUT
E ﬁ—naupran ‘ HEREEM
R CURTAIS
A - WATER - SPRAYING
[ FPIRES
| K CLAY CONDUITS AN ALTERNATE
H ) TOWER HEAD
| J’ i
X B
‘I LI L LA STLS A LSS AL TS S T EA L LIS
i E 5
-‘d ¢ -
r ¢
5 r 3
FIRST FLOOR P i
§ TIIF F5 I ZRRS DTS S LIS L ST Ad LSS LA P ISSEES % 1 ] 1 T ]
H o 9 ) A 4 H
i (T z Snamn ""””',,:E ;
¢nzm=aa/ B ===
' . : .
8 in 4 A DETAIL OF THE CONDUIT
) BASEMENT ! ARRANGEMENT
- S T . S T T, O, 05 S e, e e o SECTION x-x
R ¢

Source: Bahadori (1985)
Figure 1: Schema of passive downdraught evaporative cooling principle (1)
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2. Principle of operation

The main forces that move the air through a downdraught evaporative cool tower are:

. The wind pressure at its top inlet
. The increase in the specific weight of the cooled air in the upper section of the tower
. Momentum transfer from the water to the air if large drops of water are sprayed that are

not fully evaporated in the tower.

In our case, the last force is neglected since the water is not sprayed but used for textiles humidification.

3. Modelling approach

Downdraught evaporative cooling involves physical processes, such as airflow around buildings and natural
ventilation with heat and mass transfer, which are very complex to predict theoretically. For this reason,

the grey box approach has been used for the modelling of the ventilation tower, which is a mix of physical
modelling (white box) and black box approach (fitted curves) based on experimental data. Table 1 shows
which processes are determined experimentally (black box) and which processes are determined physically
(white box).

All the experimental data used for the parameter identification come from the work of Micha Schneider [13].

Table 1: Grey box modelling approach of the ventilation tower

Black box approach Physical model

- Wind pressure coefficients (based on - Tower geometry
wind tunnel measurements) - Number of textiles

- Pressure drop through the tower (based - Heat transfer process
on ventilation tower experimental - Mass transfer process
setup) - Energy balance

- Heat and mass transfer coefficients
(based on ventilation tower
experimental setup)

4. Wind pressure coefficients

The magnitude of the driving force can be estimated by the following formula:

1
Ap, = E (Cpi - Cpe)pvvg

Ap,: is the pressure difference between inlet of the tower and the outlet from the space being
cooled [Pa]

Cpi » Cpe: the wind pressure coefficients at the inlet and outlet [-]

p: the air density [kg/m?3]

1,,: ambient wind speed [m/s]
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In our case, the inlet is either the south or the north side of the ventilation tower depending on the wind
direction. The outlet is the south of the north side of the solar chimney.

A model of the house has been tested in a wind tunnel in order to study the airflow behaviour around the
house and determine the wind pressure coefficients at the different opening locations. Figure 2 shows the

model in the wind tunnel with the different sensors used.

Figure 2: House model in the wind tunnel

Figure 3 shows the results of the wind tunnel measurements in function of the wind direction for the two
possible inlets (south and north) of the ventilation tower. Figure 4 shows the measurement results for the two

possible outlet on the solar chimney.

—Soudth
——Morth
—Poy. (South}
—Paoy. (North}

Pl

0 50 100 150 200 250 300 350
Wind direction [°]

Figure 3: Wind pressure coefficients on the ventilation tower (measured and fitted)
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Figure 4: Wind pressure coefficients on solar chimney (measured and fitted)

Wind direction 0° (and 360°) corresponds to wind coming from the north and direction 180° correspond to
wind coming from the south. Polynomial regressions have been performed for the four curves in order to use

them in the model:

Cp_south_tower = AiWg + Ayw3 + Aswi + Agw] + Asw + Agwy + A, (R?=0.98)
Cp north_tower = Biwg + Bowg + Bawg + Byw§ + Bswg + Bewy + By (R?=0.98)
Cp south_sor = Cawg + Cawg + Cawg + Cuwg + Cswi + Cewg + C; (R2=0.99)
Cp north_sot = Diwg + Dyw3 + Dawg + Dywj + Dsw3 + Dgwy + D, (R?=0.99)

Table 2: Polynomial regression coefficients

Al A2 A3 A4 A5 A6 A7
-3.81E-14 4.78E-11 -1.82E-8 1.81E-8 1.77E-4 -2.18E-2 -5.69
Bl B2 B3 B4 B5 B6 B7
-1.58E-13 1.71E-10 -6.9E-8 1.28E-5 -1.04E-3 2.05E-2 3.57E-1
C1 C2 C3 C4 C5 Cé Cc7
-1.07E-13 1.08E-10 -3.62E-8 3.87E-6 1.31E-4 -2.47E-2 -6.31E-1
D1 D2 D3 D4 D5 D6 D7
-1.48E-13 1.69E-10 -6.46E-8 1.18E-5 -8.99E-4 9.93E-3 6.28E-1
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5. Air flow entering the building
An experimental setup of the ventilation tower (real size) has been built in order to study the cooling potential
(Figure 4).

Figure 5: Experimental setup of the ventilation tower (textiles used as moist surfaces) [13].

The volume flow rate of the air entering the building is calculated using the following formula:

Vair = Apg * I./sp
Vspz is the specific volume flow rate related to the pressure drop caused by the building [m3/(h.Pa)].

This parameter is not constant but for simplicity it has been set to a constant value of 200 m3/(h.Pa). This

value has been determined based on the measurement realised with the prototype. Also, in order to avoid
to supply air with too big air change per hour (ACH), the maximum volume flow rate allowed has been set
to 900 m3/h (which corresponds to ACH=6). This kind of control is realised in reality by control the lamellas

aperture.
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6. Physical modelling of downdraught evaporative cooling

The physical processes involving heat and mass transfer are modelled according to the mass and energy

conservation laws (figure 5):

?;': mw-+dmw
hw+dhw
Figure 5: Schematic xa

diagram of heat and fi_—-—:_—_— _____ L
mass transfer in the
ventilation tower

Moist air |

|
| |
{ |
| Ta l

|
| |
| |

The main assumptions made in the model are:

- Heat transfer occurs only through evaporation and convection processes.
Radiation and conduction mechanisms are neglected.

- Heat losses or gains through the ventilation tower walls are neglected.

- The temperature of the moist surfaces (textiles) is considered constant

In the control volume 1 (red dashed-line), the mass balance gives:

dmw = Thairdx (1)
And the energy balance:
mydhy, + hy,dri, = mgdh, (2)
The same analysis on the control volume 2 (blue dashed-line) gives:
madha = Qlat - Qsens (3)

Qlat =dm,AH, = (psat(Tw) - ppw(Ta)) AH,dA (4)
Where: Qsens = a(T, — T,)dA (5)

dm,,: is the mass flow rate of evaporated water (kg/s)

Mg is the mass flow rate of moist air in the ventilation tower (kg/s)

dx: differential humidity ratio of the moist air (kg/kg)

m,,: the mass flow rate of water flowing downward along the moist surfaces
h,,, hg: enthalpies of liquid water and moist air respectively (kJ/kg)
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Q,4¢: latent heat needed for water evaporation (W)

Qsens: sensible heat needed for cooling down the air to water temperature (W)
a: heat transfer coefficient (W/(mZ2K))

B: mass transfer coefficient related to pressure difference (kg/(m?sPa))

AH,,: evaporation enthalpy of water (kJ/kg)

T,, T,,: Temperature of moist air and water respectively (°C)

Psat (Ty): Water saturated pressure at water temperature (Pa)

ppW(Ta): water vapour partial pressure at moist air temperature (Pa)

dA: differential area of moist surface in contact with the air (m?)

Combining equation (3) with (4) and (5) leads to:

mgdhg = B (psat(Tw) - ppw(Ta)) AH,dA — a(T, — T, )dA (6)

The heat and mass transfer coefficients have been determined experimentally for different high in the

ventilation tower [2]. The mean values used for the model are shown in Table 1:

Table 1: Mean heat and mass transfer coefficients (experimental)

Heat transfer coefficient (W/(m?2K)) 7.0
Mass transfer coefficient (kg/(m?sPa)) 2.24E-8

The temperature and the humidity ratio of the outlet air are calculated using the equation (6) and (1). The
ventilation tower is segmented in small parts so the inlet air properties can be used to solve analytically the

system of equations.
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7. Model validation
The model has been compared with measurement data for different operating conditions and different
volume flow rates. Figure 6 shows the comparison for a constant volume flow rate of 434 m3h. Measured

and simulated outlet air temperatures at the bottom of the tower are compared as well as the humidity ratio

(in kg/kg).

[

TRHEXE: E:VAntoine\SDE\Energy concept\Energy lowerlsim\TRNSYSUype913_validationT. dck
Caleulstions  Plot Options  About

Temperatures [*C| Hurnidity ratio [ka/fka]
— Tamb — Vdoti —x_amb
— Tout
— Tout_sim0 —Vdot2
Tout_sim1 1
35.00 bl 0.0150
Tair,in
28.00 00120
Xair,out,sim Xair,out
__ 2100 00090 =
2 3
?;. r-""ﬂ___'d_-—“_‘_ﬁt. =,
- p—— N — L}
2 7" — f ki
: f z
; Tair,out,si £
14.00 ¥ alr,out,sim 0.0080 T
Tair,out Sl
o /’__’___,_,.._,__,__.___-——-wo——/—‘—-——"—"—"‘—* .
Xair,in
0.00 0.0000
0.000 0214 0428 0642 D856 1.069 1.283 1497 1711 1.925 2.139 2353 2567

Simulation Time = 2,57 [hr]

Figure 6: Comparison model / measurement in steady state operation.
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TRMEXE: E:\Antoine\SDEVEnergy_concepliEnergy towerisim\TRNS
Caloulations  Plot Opbions ~ About
Temperatures [*C|

YS\ype913_validation?. dek

Humidity ratio [kg/kg]

Figure 7 shows the comparison in

4000 0.0150
|
Tower Tower Tower
Operation Operation Operation
Tair,in
3200 0.0120
e /,-rk#\.__,___._-——-——"
Xair,out,sim |~ | \

2400 0.0090 =
o ¢ =
=~ =
2 o
g £
H L " - 1 £
E " g \ | E
F 1600 / - 0.0080 £

- i Xair,out
Tair,out,sim
o
M /
8.00 w et 0.0030
T ] I — [ -
Xair,in
o.0o0 0.0000
0.000 0.864 1.728 2592 3456 4318 5183 6047 6911 1.775 B.639 9.503 10367

Simulation Time = 10.37 [hr]

transient operation of the tower.

The model can predict quite accurately the temperature and the humidity ratio of the incoming air.

However, since it is not a dynamic model, the start-up phase of the ventilation tower, which consists of

the humidification of the textiles is n

ot modelled. In practise, this time needed for textile humidification (30

min approx.) has to be taken into account and the ventilation tower has to be opened after this period.

For the simulation, it is assumed that the textiles are always humidified and the ventilation tower can be

opened as soon as a cooling potent

8. Sensitivity analysis

ial is possible.

A sensitivity analysis has been performed with the model in order to optimise the operation of the

ventilation tower.
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8.1. Ventilation tower segmentation
Figure 8 shows how the number of segments affects the results of the outlet temperature for a constant

volume flow rate of 434 m3/h.

" TRNEXE: E:Mntoine\SDEAE nergy_concepi\Energy tower\sim \TRNSYSWype913_sensitivityl. dck
Caloudstions  Plok Options  About

TEmpEFMS Heat transfer rates

— Tout10 — Tamt

— Tout50 — [abel

= Tout100
20000 el 1000
19,600 200 segments 800

100 segments 150 segments

19.200 — 5010

Temperatures

Heat transfer rates

18.800 400

50 segments

18.400 200

10 segments

18,000 a
0000 0214 0428 0642 0856 1.069 1.283 1.497 1734 1.825 2138 2353 2567

Simulation Time = 2.57 [hr]

Figure 8: Influence of the number of segments on the outlet temperature (434 m3/h)

For the simulation a number of 175 segments has been chosen since increase this number does not improve

much the results. This corresponds to a segmentation of the tower with 2 cm high elements.

8.2. Wind velocity and wind direction

The cooling potential of the ventilation tower has been simulated for different wind speed and different

wind direction (figure 9). The supply temperature achieved with the ventilation is shown in figure 10. An
ambient temperature of 30°C with 50% relative humidity and a constant water temperature of 22°C has been

assumed for these calculations.
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Figure 9: Cooling power according to wind velocity and wind direction
—Tout_v=0.5
32 -
—Tout_v=1
——Tout_v=1.5
30 + —Tout_v=2
—Tout_v=2.5
:_G' 28 -
o
5
E 26
@
o
£
2 24 -
=
-5
s
v 22 -
Ntextile=4
20 1 Factor=200 m?3/(h.Pa)
18 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Wind direction (°) - 180° South

Figure 10: Outlet temperature of the supply air into the building
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8.3. Number of textiles
The effect of the textiles number on the cooling power and on the outlet temperature is shown in figure 11
and 12. An ambient temperature of 30°C with 50% relative humidity and a constant water temperature of

22°C has been assumed for these calculations.

0.6
Wind velocity : 1 m/s
05 4 Factor: 200 m?*/(h.Pa)
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a
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Wind direction (°) - 180° South

Figure 11: Effect of the textiles number on the cooling power
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Figure 12: Effect of the textiles number on the outlet temperature

Project Manual, 22 September 2010



187

8.4. Cooling potential

In order to see the cooling potential of the ventilation tower for Madrid weather conditions, the 3 summer

months have been simulated. The volume flow rate has been calculated using the specific volume flow rate

of 200 m?/(h.Pa). When the volume flow rate calculated overcomes 900 m?h, then the value is set constant

to 900 m3/h. Also, a minimum value of 20 m3/h has been set in order to avoid numerical problems. An

ambient temperature of 30°C with 50% relative humidity and a constant water temperature of 22°C has been

assumed for these calculations.

Control of the ventilation tower:

The ventilation tower was used when all the following conditions are true:

Tamb < Tamb,max
Xamb < Xiim (0.011 kg/kg at T=25°C and RH=55%)
Tamb > 22°C

Tamb,max =23

n (xlim - xamb)AHv

Cp,air

AH,,: Vaporization enthalpy of water (2442 kJ/kgK at 25°C)

Cp,air: Specific heat of moist air (1.027 kJ/kgK at T=25°C and RH=55%)

Cooling power [kW]

]
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Figure 13: Cooling power depending on ambient temperature

Total effective cooling energy: 182 kWh (Daily cooling energy: 1.2 kWh/day)

Comprehensive Energy Analysis and Discussion Report



homet

Annex 14 Data sheed / Fridge

ICBP 3166 PremiumPlus BioFresh

Ausstattung Kuhlteil

Nischenmasse HBT
Energieeffizienzklasse
Energieverbrauch in 365 Tagen [kwh]
Kompressoren

Regelbare Kaltekreislaufe
BioFresh

NoFrost

Abtauverfahren Kuhlteil
Abtauverfahren Gefrierteil
Klimaklasse

Lagerzeit bei Stérung [h]
Gefriervermogen in 24 h [kg]
Sternekennzeichen
Turmontage

Turoffnungswinkel

Dieses Modell ist erhéltlich in: Deutschland

1vonl

http://www.liebherr.com/hg/products_hg.asp?menulD=101405!332121...

ICBP 3166 PremiumPlus BioFresh

Technische Daten Fassungsvermogen Funktionen

Ausstattung Gefrierteil

Bedienungsanleitungen

177,2 =+ 178,8/56 =+ 57/55
A++

222

¢ NP

automatisch
manuell
SN-T

32

10

4

Festtur
115°

02.09.2009 09:41]
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Data sheed / Dishwasher

Datenbilatt fur elektrische Haushaltsgeschirrspuler
Nach Richtlinie 97/17/EG Anhang Il

| A (niedriger Verbrauch) bis G (hoher Verbrauch)

| A (niedriger Verbrauch) bis G (hoher Verbrauch)

| A (niedriger Verbrauch) bis G (hoher Verbrauch)

| Energieverbrauch ')
Wasserverbrauch ')

Standgerat mit Arbeitsplatte

Standgerat unterbaufahig -
Unterbaugerét (ohne Arbeitsplatte) -
Integrierbar/Vollintegrierbar =le
' ' | |
Gerateabmessungen *) Héhe cm 80,5
Breite cm 44,8
Tiefe °) cm 57,0
Sockelriicksprung vorne/hinten cm/cm Max 11,5/
Héhe fiir Unterbau cm
Héhe verstellbar +/-cm 6,0

Spannung \% 230
Anschlusswert w 2.200
Absicherung A 10
Frequenz H:

z 50
' ' | |
Druckschlauch mit Verschraubung G 3/4" °

Kaltwasser ole
Warmwasseranschluss bis °C 60

« Ja, vorhanden

") Werte ermittelt nach Norm EN 50242 im Standardpriifprogramm bei Kaltwasserbefiillung.

%) Auf der Grundlage von Ergebnissen der Normpriifung fiir das vom Hersteller festgelegte Standardprogramm, bei Kaltwasserbefiillung.
Der tatsachliche Energieverbrauch héngt von der Art der Nutzung des Gerétes ab.

®) Werte ermittelt nach Norm EN 60704. (im eingebauten Zustand)

“) Bei Unterbau- und Einbaugeraten Nischenmafe.

°) Tiefe einschlieRlich Wandabstand.

Hinweis:Stand der Tabelle 07/05. Weiterentwicklung vorbehalten.
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Data sheed / Oven

Datenblatt fiir Einbauherde / Einbaubackofen
Nach Richtlinie 2002/40/EG Anhang Il

A (niedriger Verbrauch) bis G (hoher Verbrauch)

Energieverbrauch konventionelle Beheizung 1,02
Energieverbrauch Umluft/HeiBluft kWh 0,95
Energieverbrauch fiir pyrolytische kWh 0,00

Selbstreinigung

! | |

Klein -

Mittel

Grof

Garzeit konventionelle Beheizung 54,0

Garzeit Umluft/HeiBluft 50,0
“
| Einbau-Backofen =
- ! [ |

Gerateabmessungen Hohe 58,0

Breite cm 54,7
Tiefe ) cm 54,8
Nischenmale fiir Einbau Héhe cm 59,3-59,5
Breite cm 56,0-56,8
Tiefe °) cm 55,5
Innenabmessungen Héhe cm 38,6
Breite cm 41,6
Tiefe %) cm 41,3
Gerétetiefe bei gedffneter Tlr cm 115,0
e = e
I
Spannung \ 230
Anschlusswert w 3.700
Absicherung A 16
Frequenz Hz 50

« Ja, vorhanden

') Werte ermittelt nach Norm EN 50304.
%) ") Werte ermittelt nach Norm EN 60704.
% %) " Beachten Sie bei Geraten fiir einen Schrankeinbau, dass der Schrank bzw. die Wand tragfahig genug ist.

Hinweis: Stand der Tabelle 07/05. Weiterentwicklung vorbehalten. (1)
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Data sheed / Cooker

Art des Kochfeldes
Tragermaterial

Beheizung

Gerateabmessungen
Ausschnittmale fir Einbau

Einbauh&he

Durchmesser bzw. Brennerart

Leistung der Kochzonen

Warmhaltezone

Spannung
Absicherung

Funkentstort

« Ja, vorhanden

") Toleranzbereich +/- 5 cm.

Gerateinformationen fur Kochfelder / Kochmulden

Kombination
Edelstahl

HiLight

Schalterknebel
Breite

Breite

1. Kochzone
3. Kochzone
5. Kochzone
1. Kochzone

mit Booster I/lI

3. Kochzone
mit Booster I/lI

5. Kochzone
mit Booster /Il

mm 160-230

mm  nicht vorhanden

w 1.850
w 2.900 /-

w 2.300
W 3.000/3.700
. M40
| |

W nicht vorhanden
w -/-

220-240

[ I
16
L]

%) Die Lange setzt sich wie folgt zusammen. Die Lange des Kabels zwischen Kochfeld und Anschlusskasten betragt 150 cm,
die Lange ab dem Anschlusskasten betragt 140 cm.

Hinweis: Stand der Tabelle 07/05. Weiterentwicklung vorbehalten.

Comprehensive Energy Analysis and Discussion Report




homet

Data sheed / Cooker Hood

Gerateinformationen fir Dunstabzugshauben

Abluft/Umluft
Wandbefestigung hinten
Schrankbefestigung oben/unten/seitlich

Gerateabmessungen

Mindestabstand tiber Kochstelle (Gas)

Abluftanschluss oben/hinten/seitlich ')

Riickstauklappe am Gera
Intensivstufe %)
Abluft von — bis

Intensivstufe Abluft/Umluft

Spannung
Absicherung

Schutzkontaktstecker/Festanschluss

« Ja, vorhanden

MaRgenaue La

Kurzfristig héhere Abluftleistung, verbunden mit héherer Gerauschentwicklung.

Abhangig vom externen Geblase.

Beachten Sie, dass der Schrank bzw. die Wand oder Decke fiir das Gerat tragfahig genug sind (gegebenenfalls mit Vorsatztir).

Hinweis: Stand der Tabelle 07/05. Weiterentwicklung vorbehalten.
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Data sheed / Coffee Machine

Gerateinformationen fur Einbau-Kaffeevollautomaten

Standgerat

Einbaugerat

Gerateabmessungen

Breite
Gerétetiefe bei gedffneter Tir
Festwasseranschluss/Frischwasserbehalter
Nespresso-System/Bohnenmahlwerk

Bohnenbehéalter

Spannung

Absicherung

Netzriickwirkungsfrei

« Ja, vorhanden

Hinweis: Stand der Tabelle 07/05. Weiterentwicklung vorbehalten.

Comprehensive Energy Analysis and Discussion Report
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Data sheed / Washing Machine

Datenblatt fur elektrische Haushalts-Waschmaschinen
Nach Richtlinie 95/12/EG Anhang I

| A (niedriger Verbrauch) bis G (hoher Verbrauch)

A (niedriger Verbrauch) bis G (hoher Verbrauch)

A (niedriger Verbrauch) bis G (hoher Verbrauch)
Verbleibende Restfeuchte ')
Maximale Schleuderdrehzahl ")

| Energieverbrauch ') kWh 210
| Wasserverbrauch ') I 11.000

Waschen
| Schleudern

dB(A) re 1 pW
dB(A) re 1 pW

Kennzeichen Toplader/Frontlader
Standgerat mit Arbeitsplatte .
Standgerat unterbaufahig °
Unterbaugerat (ohne Arbeitsplatte) -
Fahrbar -
Tiranschlag rechts/links/sonst o/-/-
I I N R
Gersteabmessungen °) Hohe cm 85,0
Breite cm 59,5
Tiefe ) cm 61,5
Sockelrlicksprung vorne/hinten cm/cm 0,0/0,0
Héhe fir Unterbau cm 82,0
Héhe bei gedffnetem Deckel (Toplader) cm
Tiefe bei gedffneter Tur (Frontlader)) cm 107,4
Hohe verstellbar +/-cm +0,8/-0,0
L
) O
Spannung \Y 220-240
Anschlusswert w 2.100-2.400
Absicherung A
Frequenz Hz

Druckschlauch mit Verschraubung G 3/4"
| Kaltwasser

« Ja, vorhanden

') Werte ermittelt nach Norm EN 60456 im Standardp

%) Pro Waschprogramm auf der Grundlage von Erkenntnissen der Normpriifung fiir das Programm "Baumwolle, 60 °C".
Der tatsachliche Energieverbrauch hangt von den Betriebsbedingungen des Gerétes ab.

®) Die Schleuderwirkung ist firr Sie von groRer Bedeutung, wenn Sie zum Trocknen Ihrer Wasche normalerweise einen Waschetrockner benutzen.
Wird Wasche, die in einer Waschmaschine der Schleuderwirkungsgradklasse A geschleudert wurde, in einem Waschetrockner getrocknet, so wird
dieser weniger als halb soviel Energie verbrauchen und damit auch weniger als halb so hohe Betriebskosten verursachen, als wenn die Wasche in
einer Waschmaschine der Schleuderwirkungsklasse G geschleudert wurde. Die zusatzlichen Kosten fiir das Trocknen von Wasche, die in einer
Waschmaschine der Schleuderwirkungsklasse G geschleudert wurde, liegen in der Regel um ein Vielfaches tiber den Stromkosten fiir das Waschen.

%) 200 Standardprogrammzyklen im Standardprogramm "Baumwolle, 60 °C".

°) Werte ermittelt nach Norm EN 60704.

°) Bei Unterbaugeraten NischenmafRe.

)

") Tiefe einschlieRlich Wandabstand.

Hinweis: Stand der Tabelle 07/05. Weiterentwicklung vorbehalten. (1)
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Data sheed / Dryer

Datenblatt fur elektrische Haushalts-\Waschetrockner
Nach Richtlinie 95/13/EG Anhang I

A (niedriger Verbrauch) bis G (hoher Verbrauch)

Baumwolle schranktrocken 60% Restfeuchte

Baumwolle schranktrocken 50% Restfeuchte kWh 1,55

Baumwolle bugelfeucht 60% Restfeuchte kWh 1,35

Baumwolle bligelfeucht 50% Restfeuchte kWh 1,10

Pflegeleicht schranktrocken 40% Restfeuchte kWh 0,60
! ! [ | |

Baumwolle schranktrocken kg 6,0

Baumwolle blgelfeucht kg 6,0

Pflegeleicht schranktrocken kg 3,0
!/ | | |

Baumwolle schranktrocken 60% Restfeuchte min 104

Baumwolle schranktrocken 50% Restfeuchte min 90

Baumwolle bugelfeucht 60% Restfeuchte min 81

Baumwolle bligelfeucht 50% Restfeuchte min 67

Pflegeleicht schranktrocken 40% Restfeuchte i

‘ Energieverbrauch ')

| Ablufttrockner
| Kondensationstrockner

Standgerat mit Arbeitsplatte

Standgerat unterbauféhig °
Unterbaugerat (ohne Arbeitsplatte) -
Standgerét fiir Wasch-Trocken-Saule o
Turanschlag rechts/links X
/! ' | |
Gerateabmessungen Héhe cm 85,0
Breite cm 59,5
Tiefe °) cm 59,6
Sockelriicksprung vorne/hinten cm/cm 0,0/0,0
Hohe fiir Unterbau cm 82,0
Tiefe bei gedffneter Tir (Frontlader) cm 106,0
Hoéhe verstellbar +/-cm +1,45/-0,7
| Blektrischer Anschiuss
Spannung \% 220-240
Anschlusswert w 1.080-1.140
Absicherung A 10
Frequenz Hz 50

« Ja, vorhanden

") Werte ermittelt nach Norm EN 61121:2005.

2) Pro Trockenprogramm auf der Grundlage von Ergebnissen der Normpriifung fiir das Programm "Baumwolle schranktrocken".
Der tatséchliche Energieverbrauch héngt von der Art der Nutzung des Gerétes ab.

°) Geschatzter Jahresverbrauch eines Vier-Personen-Haushalts, der zum Waschetrocknen normalerweise den Trockner benutzt, bei einer Wasche-
menge von 150 kg im Programm "Baumwolle schranktrocken", 280 kg im Programm "Baumwolle biigelfeucht" und 150 kg im Programm
"Pflegeleicht schranktrocken".

*) Werte ermittelt nach Norm EN 60704.

°) Tiefe einschlieBlich Wandabstand. Bei Abluftanschluss hinten kann ein gréRerer Wandabstand erforderloch sein.

Hinweis: Stand der Tabelle 07/05. Weiterentwicklung vorbehalten.
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Data sheed / TV

Connect 32 Media Full-HD+ 100
Welcome to the age of networked entertainment.

- Loewe LCD-TV with 80 cm screen D3

diagonal and high definition
Full-HD-100Hz-technology.

Digital Video
Broadcasting

HD

- Receive Internet radio, with over 1080p

8.000 stations worldwide.

- Direct access to all multimedia
content on the home network.
PhotoViewer and MusicBox via USB

port.

Technical information

Image:

= 24p motion picture display

= Automatic Movie Detection (AMD)

= Brightness cd/m2: 500

Contrast adjustment depending on ambient light (OCP)
= Contrast ratio dynamic: 10.000 : 1

= Contrast ratio static: 1.300 : 1

= Contrast sensor

= Downscaling/upscaling

= Format options: 16 : 9, 4 : 3, Panorama, Cinema, Zoom
= Full-HD LCD technology

= Fully digitised signal processing

= HD ready

= HDTV-ready

= Horizontal and vertical viewing angle: 178°/178°
= Image resolution: 1.920 x 1.080

= Image+ Active

= PIP(AV)

= Picture format: 16 : 9

= Picture frequency 100 Hz

= Response time: 6 ms

= Screen diagonal in cm: 80

= Split Screen TV/Teletext [1]

Vertical image correction

Audio:

= Audio Out, controlled

Audio output power in Watts: 2 x 20

Closed 2-way speakers

Number of speakers: 4

PRX sound system

Subwoofer Out

Tone effects: Stereo, Panorama, 3D Surround
Two-channel stereo sound

Radio:

= Automatic station identification

= EPG [2]

= Radio function: with DVB-C/DVB-S [3]

Operation:

= Assist+

= Automatic Channel Programming (ACP)
= Automatic Signal Switch (ASS)

= Automatic Volume Control (AVC) [4]

= Automatic shut-off

= Channel identification

= Channel-specific volume adaptation

= Content-sensitive help

= Current TV Programme (2]

= Digital Link, Digital Link Plus, Digital Link HD

= Electronic Instruction Manual

= Electronic Program Guide (EPG): (analogue/digital) [2]

= Favourites lists: 6

= Index

= L-Link

= Media network for accessing multimedia content in the
network

= MusicBox

= NexTView-Link [2]

= On Screen Display (OSD) in foreign languages:
D-E-I-F-NL-GB-P-PL-CZ-DK-S-HU-FIN-SLN-TR-SK-RS-GR

= Parental Lock

= Personalised teletext with direct access to bookmarked
pages

= PhotoViewer

= Power switch

= Programme positions (incl. AV and radio): 4.000

= Remote control: Assist 2

= Teletext: TOP-/FLOF-Videotext/Level 2.5

= Teletext page memory: 2.000

= Video Timer

= via control unit: 5 Buttons

Reception:

= Audio standard: Two-Channel FM/AM, Nicam

= Colour standard: PAL, SECAM, NTSC, NTSC-V, PAL-V (60Hz)
= Decoding System Audio: MPEG

= Decoding System Video: MPEG 2/MPEG 4

= Television standard: B/G, D/K, I, L, M, N

= Tuner: DVB-T, DVB-C; analogue: cable, antenna [5]

Connectors:

= Antenna (analogue/digital): 1x

= Audio In (Cinch)

= Audio Out, controlled (Cinch)

= Common Interface (Cl+): 1

= Component (YUV) input

= Copy function Euro-AV <-> Euro-AV
= Copy function Front-AV --> Euro-AV
= Digital-Audio In (Cinch)

= Digital-Audio Out (Cinch)

= Ethernet port RJ45

= Euro-AV/Scart total: 2

= Euro-AV/Scart, of which the following number are
Component Video Input-ready: 1

= Euro-AV/Scart, of which the following number are
RGB-ready: 1

= Euro-AV/Scart, of which the following number are
S-VHS/Hi8-ready: 2

= HDMI including HDCP: 2x

= Headphones: 3,5 mm

= S-Video In

= Side AV Video-/S-VHS, Hi-8 ready

= USB:2

= VGA

= Video In (cinch)

Wireless-LAN antennae

Optional function upgrades:

= DVB-S 2 (Single-Tuner) [7]

= Dolby Digital / dts [6]

= Motor control /RS 232 C/IR-Link

Accessories:
= Equipment board for Floor Stand Trapeze

= Set-up solutions: Floor Stand Trapeze (can be adjusted to
three heights); manual rotation: Floor Stand 4; rotary motor

function: Floor Stand 4 MU
= Standard feature: Table Stand (manual rotation incl.)
= VESA adapter: VESA C 32
= Wall Mount: WM 56, Wall Mount Flex 32 L [8]

Miscellaneous:
= Mains voltage: 220 - 240 V / 50/60 Hz
= Power consumption in standby mode in watts: 0,9

= Power consumption in watts when the set is turned off: 0

= Rated wattage to EN 62087 (2009): 130
= VDE-safety standard (inspection seal)
= Weight (approx.) in kg: 18,8

Technical specifications, delivery conditions, and other
information are subject to change without notice.

[1]  Not with MPEG4.

[2] Works only with channels broadcasting service
information/NexTView data.

DVB-S only with integrated DVB-S 2 (Tuner).

Function depends on signal format emitted by station.
Freeview variants available for UK

3
[4
5
6]

Corporation
[7) Not available with Freeview interactivity in UK

i8]

separately.

Article number EAN Colour options -
68417772 4011880117364 Chrome Silver . 3
68417U72 4011880117388 [ High Gloss White ‘
68417W72 4011880117371 [ High Gloss Black

LOEWE.
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Data sheed / DVD

K&M Artikelnummer: 25023

uber Ihren Fernseher wieder.

gespeichert.

Fernseher wiedergeben.

Verfugbarkeit/Filialbestande

Versandzentrale: vorratig
Stand: 27.04.2010 08:13 Uhr

In 29 Filialen vorratig!
Bestande anzeigen

Beschreibung Details Bewertungen

Produktbeschreibung
K&M Artikelnummer
Herstellerartikelnummer
K&M Produktgruppe
Produkttyp

Gewicht

Lokalisierung

Digital Player (Recorder)
Audio

Fernbedienung
Stromversorgung

» Drucken (STRG + P)

« Zurtck

WD TV Live Media Player LAN/HDMI/Composite/USB2.0 - Druckansicht Page 1 of 1

WD TV Live Media Player LAN/HDMI/Composite/USB2.0

Geben Sie durch den WD TV Live Mediaplayer HD-Medien

HD-Videos, Fotos und Musik — dies alles ist auf lhrem
Computer, lhren USB-Laufwerken

Durch dem netzfahigen WD TV Live-HD-Mediaplayer kénnen
Sie eine ganze Welt von Full-HD-1080p-Medien Uber lhren

Durchschnittliche Kundenbewertung: e h - (basierend auf 2 Bewertungen)
Schreiben Sie eine Bewertung fur dieses Produkt und teilen Sie lhre Meinung anderen Kunden mit!

Abmessungen (Breite x Tiefe x Hohe) 12.6 cm x 10 cm x 4 cm

Bitte beachten Sie, dass Abbildungen ahnlich sein kénnen und wir fiir die Produktinformationen keine Haftung Gibernehmen. Irrtum und Anderungen
vorbehalten, Abbildungen sind ahnlich und kénnen von der Originalware abweichen. Falls in der Bezeichnung des Produktes "Bulk” enthalten ist, kann das
mitgelieferte Zubehdr variieren. Alle unsere Endkundenpreise verstehen sich inkl. der gesetzlichen Mehrwertsteuer zuzlglich Versandkosten bei
Versandbestellungen. Logos und Markenzeichen sind Eigentum der jeweiligen Hersteller.

http://www.kmelektronik.de/shop/print.php 27.04.2010

und im Internet

K&M Preis

Online-Prais Filial-Preis Monatsrate

109 99 € 109 99 € 9 66 € J" 2 in den Warenkorb
y 1 i) - 4
Inkl. MwSt. + ab 6,99 € bei Versand

Die Monatsrate entspricht einer Finanzierung mit effektivem Jahreszins ab 9,90%, 12
Monaten Laufzeit, Bonitat vorausgesetzt. Finanzierungen sind ab 100 € nur in unseren
Filialen méglich. Der Zinssatz gilt fiir Finanzierungen bis 1.000 €.

Vergleich  Hersteller Seite drucken

WD TV Live WDBAAPOOOONBK - Digitaler Multimedia-Receiver
25023

WDBAAPOOOONBK-EESN

Festplatten / MediaPlayer

Digitaler Multimedia-Receiver

303 g

Mittlerer Osten, Afrika, Europa

Digital Player

Stereo

Fernbedienung

Wechselstrom 120/230 V ( 50/60 Hz )

Comprehensive Energy Analysis and Discussion Report



homet

Data sheed / Laptop

Apple Store

Artikel in Ihrem Einkaufswagen

17-inch MacBook Pro

Versandfertig in: 24 Std
Teilenummer: MCO24D/A

Konfiguration
2.53CHz Intel Core i5
4GB 1066MHZ DDR3 SDRAM - 2X208
SO0GE Serial ATA Drive @ 5400 rpm

SuperDrive 8x (DVD R DL/DVD=RW/CD-RW)

Fragen? Beratung gewiinschi? 0800 2000 136

1.889,92 €

MacBook Pro 17-inch Hi-Resolution Clossy

Widescreen Display

Beleuc ‘astatur (Deutsch) &

Benutzerhandbuch (Deutsch)

Accessory kit

Zwischensumme
Kostenfreie Lieferung

Mehowertsteusr

Gesamtbetrag der Bestellung

1

1.889,92 €

1.889,92 ¢
0,00 €
359.08¢

2.249,00 €
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Data sheed / HIFI

WD TV Live Media Player LAN/HDMI/Composite/USB2.0 - Druckansicht Page 1 of 1

WD TV Live Media Player LAN/HDMI/Composite/USB2.0
K&M Artikelnummer: 25023

Geben Sie durch den WD TV Live Mediaplayer HD-Medien
uber Ihren Fernseher wieder.

HD-Videos, Fotos und Musik — dies alles ist auf lhrem
Computer, lhren USB-Laufwerken und im Internet
gespeichert.

Durch dem netzfahigen WD TV Live-HD-Mediaplayer kénnen
Sie eine ganze Welt von Full-HD-1080p-Medien Uber lhren
Fernseher wiedergeben.

&
-

i
o ST

Durchschnittliche Kundenbewertung: : . (basierend auf 2 Bewertungen)
Schreiben Sie eine Bewertung fiir dieses Produkt und teilen Sie lhre Meinung anderen Kunden mit!

Verfugbarkeit/Filialbestande K&M Preis

Online-Prais Filial-Prels Monatsrate
(

Versandzentrale: vorratig 99 99 66 in den Warenkorb
Stand: 27.04.2010 08:13 Uhr 1091 € 1091 € 9- € s

Inkl. MwSt. + ab 6,99 € bei Versand

In 29 Filialen vorratig! Die Monatsrate entspricht einer Finanzierung mit effektivem Jahreszins ab 9,90%, 12
= A Monaten Laufzeit, Bonitat vorausgesetzt. Finanzierungen sind ab 100 € nur in unseren
Bestande anzeigen Filialen moglich. Der Zinssatz gilt fiir Finanzierungen bis 1.000 €.

Beschreibung Details Bewertungen Vergleich Hersteller Seite drucken
Produktbeschreibung WD TV Live WDBAAPOOOONBK - Digitaler Multimedia-Receiver
K&M Artikelnummer 25023
Herstellerartikelnummer WDBAAPOOOONBK-EESN
K&M Produktgruppe Festplatten / MediaPlayer
Produkttyp Digitaler Multimedia-Receiver
Abmessungen (Breite x Tiefe x H6he) 12.6 cm x 10 cm x 4 cm
Gewicht 303 g
Lokalisierung Mittlerer Osten, Afrika, Europa
Digital Player (Recorder) Digital Player
Audio Stereo
Fernbedienung Fernbedienung
Stromversorgung Wechselstrom 120/230 V ( 50/60 Hz )

Bitte beachten Sie, dass Abbildungen &hnlich sein kénnen und wir fiir die Produktinformationen keine Haftung ibernehmen. Irrtum und Anderungen
vorbehalten, Abbildungen sind &hnlich und kénnen von der Originalware abweichen. Falls in der Bezeichnung des Produktes "Bulk" enthalten ist, kann das
mitgelieferte Zubehdr variieren. Alle unsere Endkundenpreise verstehen sich inkl. der gesetzlichen Mehrwertsteuer zuziglich Versandkosten bei
Versandbestellungen. Logos und Markenzeichen sind Eigentum der jeweiligen Hersteller.

» Drucken (STRG + P)

« Zurtck

http://www.kmelektronik.de/shop/print.php 27.04.2010

Comprehensive Energy Analysis and Discussion Report
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12.1 Architecture Design Narrative - Contents

1. General
2. Exterior
3. Interior

Architecture Design Narrative
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Architecture Design Narrative

1. GENERAL

home+ is a small residential building prototype of
74 m2, designed for 1 or 2 people. The building
should be appropriate all around the globe and be
developed to be accordingly mobile, as well as to be

powered only with solar energy.

The clearness of display as well as the multifunc-
tional use of elements by integration are the main
topics to emphasize the composition of design and

technology.

There are three main characteristics of home+:
The rhythm of modules and gaps forming a well
structured east and west facade, the open space of
the interior in north-south direction and the central
ventilation tower, the heart of home+, raising above

the building’s roof.

Basically the idea originated from developing the

building according to traditional construction princip-

les of similar climate regions. The prototype primarily

works with the highest possible thermal mass in
the smallest possible building envelope to offer little
absorption surface to the sun, to avoid heating up

the building volume. Secondly, the highly insulated

building should be able to cool itself as much as
possible. The so-called “ventilation tower” improves
ventilation and cooling by catching the wind, cooling
down the air through humidification and by transpor-
ting it into the interior. This keeps the interior tem-
perature low and avoids an active cooling system in

most cases. Therefore, a purely passive operation of

the building is reached for most of the year.
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This tower also plays a primary role in the interior

design and shows the inhabitant the active use of re-
generative energy. To visitors of home+ we compare
the ventilation tower with an open in-house feature
fireplace which is a kind of symbol for comfortable
heat. In a similar way, our ventilation tower visually
explains and typifies comfortable cooling by the look
of white wet fabric softly flagging in the wind within

the glazed ventilation tower.

Another focus is to keep the amount of so-called

“grey energy” as low as possible. Therefore the pro-
totype is going to be built of most possibly ecological
building materials, for example the primary construc-

tion is made of wood.

Because of the required mobility, the building is
made of different modules, including the living areas,
secondary rooms as well as the climatically activated
building joints.

This modularity and expandability offers a large
flexibility for different configurations and therefore

different kind of user schemes.

Architecture Design Narrative
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2. EXTERIOR

The design is based on architectural and energetic
considerations. The starting point is a compact, high-
ly insulated volume, with a small surface to volume

ratio. This volume consists of four layers (1).:

The inner layer of the building, the main structure,
is made of solid timber. As mentioned before, this
material is ideal for two reasons, it provides a light
weight structures and it is a very ecological material

due to its CO2-saving potential.

The second layer is a highly efficient evacuated
insulation (vacuum insulation). It provides a very low
U-Value with a slim wall. This reduces heat losses in
winter and thermal gains in summer and creates a
high level of comfort.

The third layer is waterproofing to protect the struc-
ture. The chosen waterproofing membrane provides
a maximum of solar reflectance to again reduce

solar thermal loads in summer.

The fourth layer consist of glass/glass photovoltaic
modules. This power envelope supplies the building
with electrical energy. It is fixed with a small gap to
the other layers. The active solar photovoltaic layer

appears delicate, it hovers above the main structure.

This volume, consisting of the four mentioned layers
contains and frames the interior and is segmented
into four building modules (2). Each building module
accommodates another use. The first module con-
tains a loggia, the second a living room, the third a
dining room and the last one the bedroom. Seconda-
ry rooms are included in allocation to the main are-
as. For example contains the dining-room-module a

kitchen or the bedroom-module a bathroom.

Exterior
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The modules are positioned with interspaces

between them. These gaps are part of the design
concept to point up the modularity. But the gaps are
much more than only design. They are used for light-
ing, ventilation, pre-heating in winter and passive
cooling in summer. They also allow for a visual con-
nection to the outside and offer very different view
axes withinthe building and to the outside by nicely

framing the exterior.

One of these gaps is higher than the others, contai-
ning the “ventilation tower” (3). Based on traditional
principles of climate control, the ventilation tower is
a key element for the energy concept as well as for
the outer appearance of the building and the interior

space.

The modules and the gaps are bound together by
the building’s power envelope, which consists of
photovoltaic elements and thermal vacuum tube coll-

ectors. The elements are made of photovoltaic cells

of three different colours: gold, bronze and black.
The black cells are on the roof for maximum energy
benefit. The gold cells are on the facade. These cells
are bound together by a gradient-like “pixelation” of

bronze cells over the roof-edge.

The modular design of the building not only facili-
tates the transport to and the assembly in Madrid,
but also includes ideas about a modular building
system for different requirements. By using the same
building modules it is possible to create living and
working space for singles, couples, small or even
bigger families or apartment-sharing communities in
detached and semi-detached, as well as in multi-fa-
mily houses. Another important feature is the climatic
component. For the dry and hot situation in Madrid
the ventilation tower with evaporative cooling will be
the best choice. For every climatic situation home+
should equipped with another climatic component.
Wind turbines at a coast for example are able to

benefit from the guaranteed wind.

Architecture Design Narrative
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3. INTERIOR

The concept allows for a clear visual understanding
of the functions of each module from inside and
outside. East and west facades are closed as far as
possible (1), the north and south facades provides a

view to the environment for the inhabitants.

In the recommended layout, the building gets a clear
north-south direction while remaining modifiable to
the given situation. The eastern and western faca-
des have been allocated with utility functions. The
west side offers built-in storage zones. Each living
area is expanded by a secondary area at the eastern
end, separated by another zone of utility functions
(2) that supports both, the living and the secondary

area.

Therefore the building receives a clear structure in
the north-south direction which contains and frames
the ventilation tower (3). It divides the larger living
area in the south from the smaller and more private
area in the north and provides the building with cool

air.

This structure is subdivided and distinguished by the
building joints (4). The joints provide illumination and
ventilation on the interior and have climatic func-
tions. Therefore they are called “Climate Gaps”.
Therefore every module of the building receives a
process optimised function. This guarantees variabi-

lity of the modules.

The building is entered from the south through a
frontal bracket that serves as sun shading, suppor-
ted by a curtain, and provides the living room with

a covered terrace. The entrance is located in the
secondary area in the east. This area leads, accom-
panied by multifunctional furnishing on left, through
the house. This furnishing is not a room-high, closed

wall but allows views between the areas through re-

cesses to obtain the impression of the ample interior.
In the living module, this furnishing is equipped with
a media wall containing TV, HIFI and a touch panel
serving as the interface for the building automati-
zation. The built-in furnishing at the west provides
the living room with an alcove. It is face to face with
the media wall with in-built speakers for high quality
media entertainment. In addition to the alcove there
are some seats for comfortable gathering of friends

and family.

1. | | 2. | |
3. 4. I
| | ]

Interior
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The dining room follows, separated optically by a
joint element with an kitchen in the secondary area
and a kitchen block between. The furniture in the
living and dining area is variable and allows multi-
functional use of the largest interior space in the flat.
Most situations only require a “dining corner” for two
people. But by the furnishing it is possible to enlarge
the table by another and several seats, usually used
an another room or stored in the in-built storage at
the west. Therefore, this space can be used for a
dinner event for eight people. The living and dining
area can be extended to the terrace by opening the
glazing or optically separating it from the outside by
a curtain.

In the next joint, the ventilation tower stands as a
central element. As a partition, it divides the dining
area and the bedroom. This feature is the heart of
home+. It is a kind of symbol like a fireplace whe-

re the family gathers. And it is the connector of
design and technology because it combines both.
The ventilation tower visually explains and typifies
comfortable cooling through the image of white wet
fabric softly flapping in the wind within the glazed
ventilation tower.

It is also equipped with reconfigurable furnishings

to use the space as a home office by day. Adjacent

to it the bathroom is located. The furnishing bet-
ween bathroom and bedroom/home office includes
a switchable glazing for optical separation with the
guarantee of privacy.

As the other spaces are flexible for use in diffe-
rent ways, the spaces for toilet, shower and basin
are arranged to create an optimized space-saving
bathroom. The north facade is equipped with ample
glazing to allow an excellent view to the landscape
and with a curtain to ensure the privacy of the inha-
bitants.

To feel comfortable and to prevent immoderate
energy losses by switching the lights, each area has
its own natural light exposure by having overhead
glazing in the gaps. There are evacuated tube coll-
ectors on the top of the gaps to protect the interior
from direct irradiation. By orientating the absorber
of the evacuated tubes like a shed roof towards the
sun, the inhabitants are able to see the sky to the
north. Each special use, like working or cooking,
gets its own pointed lighting for optimized conditions.
Artificial lighting supports the design by highlighting

the gaps and the ventilation tower.

Architecture Design Narrative
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12.2 Acoustic Report - Contents

1. Theoretical calculation of sound insulation solutions
A: Facades, acoustic performance of the glazing
B: Facades, acoustic performance of the opaque elements
C: Roof, acoustic performance of the opaque elements
D: Facades and roof, calculation of the different facades and the roof from the

acoustic performance of the elements
2. Measurement of sound insulation of constructed solutions

3. Estimation of the indoor reverberation time
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Acoustic Report

1 Theoretical calculation of sound insu-
lation solutions

A Facades, acoustic performance of the glazing
The weighted sound reduction index of the glazing
was calculated according to Gosele™ and compared
with measurements of ift-Rosenheim GmbH for
glazing of similar composition. Calculated weighted
sound reduction index: R =40 dB according to

equation (1)

1)
dWl + dWZ dS
Ry r =25lg———=+15lg—+32dB - 2dB
’ d dy
with
d,,: thickness inner pane (6 mm)
d,,: thickness outer pane (6 mm)
dg: space between inner and outer
pane (32 mm)
K, correction term frame (-2 dB)

Construction glazing:

Pane VSG 6 mm
Space between panes 16 mm
Pane Float 4 mm
Space between panes 16 mm
Pane ESG 6 mm

B Facades, acoustic performance of the opaque
elements

Estimation of sound insulation took place according
to “Berger mass law”, combined with the calculation
of the additional improvement of sound reduction
index by the lining (vacuum insulation and wooden
panel). The weighted sound reduction index of the
opaque parts of the facades was calculated to:

R, =45 dB according to equation (2) and (3)

m X

2 R, =201 —3dB
@ . ETY

with

m’: mass per m? (60 kg/m?)
X 2nf

Z: 428 kg/m2s

Calculations were carried out in third octave bands
and weighted according to DIN EN ISO 717-1.
Calculated weighted sound reduction index:

R, =48 dB.

Now resonance frequency of the additional lining

was calculated with equation (3)
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3) -
f, =160,
m

with

m’: mass per m? (16 kg/m?)

s dynamic stiffness (40 MN/m?)
f: resonance frequency

Resonance frequency of the lining was calculated
to 253 Hz. According to Table D.3 of European
Standard DIN EN 12354-Part 1 this means an
worsening of calculated weighted sound reduction
index of -3 dB. As a result the weighted sound
reduction index of the opaque parts of the facades
was calculated to: R . = 48-3 dB = 45 dB.

Composition of elements :
inside
- wood construction (FSH) 75 mm (60 kg/m2)

- vacuum insulation 48 mm (40 MN/m3)

- wood panel 20 mm (16 kg/m2)
- waterproofing

- air-layer 70 mm

- glass printed with PV 12 mm

C Roof, acoustic performance of the opaque
elements

Estimation of sound insulation took place with
equations for the calculation of double leaf
constructions. The single leafs were calculated with
equation (4). The complete double leaf construction

with equation (5).

T fxm

with
m’: mass per m? (17/20 kg/m?)
Vs*pL: 428 kg/mz2s

5) R, = R1+R2+20Ig{wjd8
Y

S

with
d: thickness insulation (160 mm)
V. 340 m/s

Calculations were carried out in third octave bands
and weighted according to DIN EN ISO 717-1.
Calculated weighted sound reduction index:

R, =63dB.

Composition of elements :

inside

- OSB panel 22 mm (17 kg/m2)
- insulation 160 mm

- OSB panel 25 mm (20 kg/m2)
- vacuum insulation 40 mm

- insulation 120 mm

- waterproofing

- substructure

- glass printed with PV 12 mm

D Facades and roof, calculation of the different
facades and the roof from the

acoustic performance of the elements

The calculations were performed according

to European Standard DIN EN 12354-Part 3,
“Estimation of acoustic performance of building from
the performance of elements — Part 3: Airborne
sound insulation against outdoor sound”, from
September 2000.

The sound reduction index R’ was calculated
according to equation (6). Calculations were carried
out in third octave bands and weighted according to
DIN EN ISO 717-1.
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(6) R'=—1010g(2r€,1 +erJdB
i=1 =1

with

Tei: the sound power ratio of radiated sound power
by a facade element i due to direct transmission of
incident sound on this element, relative to incident
sound power on the total facade.

Tf:  the sound power ratio of radiated sound power
by a facade or flanking element f in the receiving
room due to flanking transmission, relative to
incident sound power on the total facade.

n: number of facade elements for direct
transmission.

m: number of flanking facade elements.

The sound transmission through the different

building elements was calculated according equation

*ST; - R, /10
7 T, = ?10 {
with
R: sound reduction index of element i, in decibels

S: the area of elementi, in m2

South and north fagcades, composed of glazing
(12,9 m2, R =40 dB) and

opaque elements with PV (8 m?, R . =45 dB)).

The calculated weighted sound reduction indices for

the facades are:

R, =40,5dB
R’y = 41,5 dB
D = 44,3 dB

Is, 2m, nT, w

West and east facades, composed of glazing

(4,9 m?, R, . =40 dB) and opaque elements with PV
(22,86 m2, R, = 45 dB).

The calculated weighted sound reduction indices for
the facades are:

R, =44 dB

R, = 45 dB

45°,
D o o1 w = 46,6 dB
Roof, also composed of glazing (8,2 m?, R, . = 40
dB) and opaque elements with PV (52 m? R, . = 63
dB).
The calculated weighted sound reduction indices for
the roof are:
R, =49,50dB
R'js, = 90,5 dB

Dls, 2m, nT, w = 48’8 dB

Literature

[1] Gosele, Karl: Berechnung der Schalldammung
von Fenstern (Calculation of the sound insulation of

windows), 1983, Stuttgart.
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2 Measurement of sound insulation of
constructed solutions

As proposed in the guideline the air noise insulation
of the front facade (South facade) was measured.
The method used was according to the standard DIN
EN ISO 140-5. Measurement of sound insulation in
buildings and of building elements — Part 5: Field
measurement of airborne sound insulation of facade
elements and facades (ISO 140-5 : 1998); German
version EN ISO 140-5 : 1998. Measured was the
weighted sound reduction index R’,. .

The result for the complete south facade was

R’ssow =41 dB.

The sound reduction index R’,.. over frequency in

third octave bands is shown in picture 1.

3 Estimation of the indoor reverberation
time

Calculations were performed according to Sabine (8)
and (9).

(8) R = 0,163K
A

(9) A=ax8
with
RT,, reverberation time in s
\Y, volume in m3
A equivalent sound absorption area in
ma

absorption coefficient
S Area in m2

All surfaces were considered. Absorption coefficients
are shown in table 1.
Calculated reverberation time in octave bands is

shown in table 2.

Table 1: Absorption coefficients o of different surfaces and materials

Material 125 250 500 1000 2000 4000 Area
[Hz] [Hz] [Hz] [Hz] [Hz] [Hz] [m?]
Parquet floor 0,1 0,07 0,05 0,06 0,06 0,06 40
Plasterboard ceiling 0,15 0.10 0,10 0,10 0,10 0,10 37
Open joint in ceiling 0.5 0,95 1 1 1 1 5
Windows 0,25 0,15 0.1 0,06 0,03 0,03 40
Seat cushions (felt) 0,2 0,25 0.3 0.4 0.4 0.4 6
Furniture surfaces 0,15 0.10 0,10 0,10 0,10 0,10 40
Table 2: Calculated reverberation time in s
125 [Hz] | 250 [Hz] | 500 [Hz] | 1000 [Hz] | 2000 [Hz] | 4000 [Hz]
Home+ 0,69 0,64 0,65 0,76 0,73
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Sound reduction Index according to DIN EN 1SO 140-5

Field measurement of airborme sound insulation of facade elements and facades

HFT Stuttgart Date 28.04 2010
horre+
South Facade

Direction of measurerment horizontal
Feceiving Fomm Ve= 1740 n?
Surface Area S= 208 nt
----- Frequencyrange forsingle numbervalueacc. to 150 717-1
0

Ores

Backgraund noise

Freguenz R a0

[Hz] [dE]

50 12,5

B3 15,7

80 174

100 17,2 @ 40 ]
125 249 =

160 32,2 z

200 28,0 3]

250 278 = A

£ 30

315 35,3 = \_
400 39,8 %

500 40,9 3

B30 40,2 o

800 40,7 T 20

1000 415 a

1250 449 1

1600 449

2000 453

2500 45,2 10

3150 47,5

4000 50,3

5000 52,5

0 § =0 § = o &

Frifschall rosa Rauschen

Errpfangsfilter: Terzfilter 63 125 250 500 1000 2000 4000
frequency f [Hz]

IS0 717-1
Rl45°w(c;ctr) = 4 ( -2; -5 ) Gz = 208 Copsoe = -20B Ciogs000 = -10B
G spss = -10 B Grsosooo = -1008 G jppspe = -7 0B
Fiegld messwremert s onthird octave barmds
Mo - Date 28.04 2010

Picture 1: Sound reduction index of the south facade of home+
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12.3 Lighting Design Narrative

1. Natural Lighting
2. Artificial Lighting

Lighting Design Narrative
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Lighting Design Narrative
1. Natural Lighting

The light design of the house has been carefully
developed to fit in the overall design concept of the

project and to support the basic architectural ideas.

The northern and southern facade are entirely
planned as a glazing, which has the function of
providing the user with the feeling of being outside.
Through these big glazings, the daylight will get
inside of the house, and illuminate the bedroom and

the living room during the winter time(see figure 3).

Analysis Grid

RAD Daylight Factors
Walue Range: 1.0 -10.0 %0F
pe 2

In the summer time, the southern porch will have
the function to stop the direct sunlight, and give

the loggia and at the same time, the living room,
shadow. Still, the sunlight will be reflected inside of
the house through the terrace(see figure 2) . Still,
the user will have the chance to protect himself from
beeing seen with the opaque blind in the outside of
the porch. On the other hand, in the house interior
the user will have a sun blind to protect the house

interior of too much luminaosity.

In the house interior, in the middle zones of the

house, the daylight will come inside in between

ECOTETES

Figure 1: Daylight Factor, Simu-

(=S . IV I

lation with Desktop Radiance
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direct radiation

di (1S8e radiation

E H I

Figure 2: Summer Natural Light

direct radiation

di [T8e radiation

the solar gaps, which will be lighten with a textile

sunblind at the east and west side. At the ceiling, on
the horizontal glassing, solar collectors are planned
which will used for the warm water production but
also for sun protection. This is an innovative form of
sun protection, since we are gaining energy and and
the same time, avoiding excess of radiation in the

house interior.

We have simulated these passive meassures to
control the sunlight, likeporch, the coming light
in between the gaps, etc, in ordner to proof if the

house is enough illuminated in a cloudy day, as you

Figure 3: Winter Natural Light

can see in the Figure 1. We have received good
results so that our planning for the natural lighting is

correctly developed.

2. Artificial Lighting

During the night, we want to use artificial lighting,
where it is necessary and convenient for the use of
the house. For contest manners, accentual lighting
is planned to highlight the main characteristics of the
house. So we distinguish between house lighting

and contest lighting.

Lighting Design Narrative
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2.1. House Lighting

The architectural design of our prototype is very
clear and logical. We have divided the house in a

primary and a secondary zone. (See figure 4)

In the secondary zone, we have placed functions like
the wardrobe, the kitchen and the bathroom. These
rooms would be secondary, and serve the primary
rooms, which would be the living room, the dining
room and the bedroom. These rooms are placed in
the primary zone, which is on the west side of the
house. Both zones are divided through a mobiliary
chain, which goes along inside the house. Still, this
division or barrier is made in a subtil way, and does
not blockade the sight from the multifunctional room
or the bedroom to the secondary areas, in this case,
the kitchen or the bathroom.

So, for the illumination of the house interior, we

decided to illuminate in the subtil and indirect way

L1 Light sit for Cooking

integrated in the exhaust hood

LED, 15 W;

Product: SYSTEMKANAL, RICHTER
50*55*600mm

L2 Wallwasher for Secondary Area

for illumination of the east cupboards
Fluorescent Lamp, 54 W/24 W

Product: MIREL, ZUMTOBEL
1248/625*114*85 mm,

L3 Pendent Lamp for Dining

Fluorescent Lamp, 27 W

Product: RE-LIGHT CLASSIC, STENG LICHT
PRM SWW -G

L4 Uplight in the gap

for illumination of plants

LED, 36 W

Product: MINIPLANO, ZUMTOBEL

165 mm;d120mm;135mm deep

L5 Uplight inside the Tower

for tower illumination (Highlighting of the house)
LED, 4x25W -> 100 W

Product: X-BAR, RICHTER
96mm*62mm*500mm

L6 Floor Lamp for sleeping area and living room
for reading and working

also as pending lamp for the dinner party
Fluorescent lamp, 27 W

Product: RE-LIGHT, STENG LICHT

QRL SWW -G

L7 exteriors lamp wall-embed

for guiding path and exterior house ilumination
LED,2W

Product: ORILED, ZUMTOBEL

60812570

All switchers are developed with EnOcean Technology.

*SD5, SD6 : will be integrated in the hanging board over
the kitchen, side above.

*circuit 4, 5: will be controlled from the monitor panel
*¥circuit 10: will be controlled from the motion sensor

*integrated in bed, to shut down alllights

Figure 4: EL-401g Lighting Plan

the secondary area, so that the user gets the feeling
of an expansion of the room. This is very important
if you notice that the building is limited in its size,

so that we react to this situation through optical
means, in this case, with artificial light. We used

for this manner wallwashers (fluorescent lamps) to
illuminate the modules/cupboards of the secondary
area. These wallwashers should be integrated in the
ceiling, so that the inhabitant only sees a subtil light

slit. See figure 5

At day, the gaps assume this job and give the user
the feeling of space expansion because they unit the
exterior with the interior space and at the same way,
they bring light into the house. On the other way, the
gaps are illuminated through a LED uplight, which
has the function to accentuate the plants inside

of the gap. This gives the user the sensation of a
connection with his exterior during the night and it

gives the house a more cosily character.
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Figure 5: Simulation with Dialux of the artiticial light without gaps lighting

Concerning to the rule 40.4 Safety against the risk of inadequate lighting, the next calculation has been

made to assure the compliance to this rule. (see Figure 6)

T6.286m
568
Tas81
20
Exterior\
T300
I — T1.96
T T160
’\__/
100
e Touo
L 1 i 1 1 i ' i 1 1 ] --0'00
0.00 117 197 352 429 517 757 837 919 992 10.63m

Werte in Lux, MaRstab 1 : 76

Lage der Flache im Raum:
Markierter Punkt:
(0.080 m, 0.250 m, 0.850 m)

Raster: 128 x 128 Punkte

En X E min [IX] E nax [IX] g; 9,
99 891 613 0.090 0.015

Figure 6: Isolines of the llluminance (lux) of the house interior, calculations with Dialux
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In the bedroom/working place and the multifunctional lamp, see figure 7. For the dinner party, we will

room, one fluorescent floor lamp is planned

for reading or working manners, which can be
connected in each room as needed. For the eating
room, a direct fluorescent light is also planned

from the same design line of the floor lamp. These
luminaries are very important since they are the only
one that have a very visible presence in the house.
All other luminaries are mostly non visible to the

user. (See figure 8)

These luminaries have an special feature. It varies

in position. It can be a floor lamp and a pending

need for example two pending lamps, so we can
use the floor lamp and place it in the ceiling as a
pending lamp. In the normal situation we have a
floor lamp n the bedroom, or living room, depending
of the needs,and a pending lamp for a table of four

persons.

In the kitchen, additionally to the wallwasher for the
secondary zone, we have planned to use also a
direct lighting over the working area integrated in the
pendant exhaust hood, an LED slit. This is the case

of the bathroom, where the same luminary is used

Figure 7: Different positions for the luminaries of
the dining room, sleeping room and iving room.

Figure 8: Simulation with Dialux
of the interior artiticial light with
contest lighting
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over the washing basin.

As you can see, we use only energy saving

lamps, just like LED or fluorescent lamp. Some

of our luminaries are certificated with an eco+-

certificate, which is the case of thewallwashers

in the secondary zone that are used as main

illumination. This classification is provided to those

products which offer a special benefit for people

and the environment. The criteria involved go far

beyong technical data such as installed load. Eco+

luminaires are characterised by high lighting quality

at low energy consumpetion, and they are made

of environmentally compatible materials. For more

information, please see

http://www.zumtobel.com/download/PR_ecoplus_

UK.pdf

eco’

B11The new eco* label identifies luminaires at the product level

W ZUMTOBEL

Here is a summary of the used luminaires in the

building and their consumption, Figure 9:

APPLIANCE

PRODUCER /
PRODUCTCODE

QUANTITY ENERGIE-

AND

MEASURE

by switchs and a touch panel. In Figure 10 you can
see the circuits that control each switch and the

control pannel.

In the mobiliary chain we have planned a double
switch that control the corresponding area. So in
case of the kitchen, you can switch on the pending
lamp on the dining table or the wallwasher for that

module, as an example.

From the control panel all the house illumination
(interior and exterior can be controlled. There is
a special program that visualizes the house and
special designed for the house of the future, so that
the user can press in the panel an area, and the

lights of this area will be turned on or turned off.

An all circuits switch is located on the bed, so that
the user can switch all the lights off resting in his

bed, to maximize the comfort.

A very interesting performance of the control panel
is that there are some situations already programed.
The user can decide from the dinning and cooking
situation, to the lounge and tv szenario and even the
contest szenario. Depending to this szenarios, the
right illumination will be set on.

2.2. Effect Lighting

CONSUMTI
ON

FACILITIES CONNECTE CONNECTIO

RANGE D LOAD N PORTS

Lighting

B/T/H

Pendant lamp STENG, fluorescent 1x 27W/unit

(Diningroom) lamp, PRM SWW -G

Floor lamp (Livingroom) |STENG, fluorescent 1x 27W/unit
lamp, QRL SWW -G

Line-shaped light RICHTER, LED, Nr. RL- [1x 15W/unit

(cooking) 1408085600

Wallwasher (cupboard [ZUMTOBEL, fluorescent |3x 54W/unit

zone) lamp, Nr. 4218609

Wallwasher (loggia) ZUMTOBEL, fluorescent |1x 24W/unit
lamp, Nr. 70394992

Line-shaped light RICHTER, LED, Nr. RL- |1x 15W/unit

(bathroom) 1408085600

Uplight (gaps) ZUMTOBEL, LED, Nr. 6X 3,6W/unit
24169174

Uplight (Ventilation T) |RICHTER , LED, N- [4x 25W/unit
26-001-0861-00

Wall-embed light ZUMTOBEL, LED, Nr. 13x 2W/unit

(exteriors) 60812570

Figure 9: Summary of luminaires interior and exterior

Lighting Design Narrative
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The ventilation tower is an important architectural

element that characterizes the house. Under that

aspect, the tower will be accentuated with LED

uplight illuminating the textile membranes inside of it

and the tower itself. See Figure 11.

This uplight can be variable in colour. The change

of colours will demonstrate in a optical way the

changes of temperature of the air in circulation and

reflect in this way, the function of the tower which is

L1 Light slit for Cooking

integrated in the exhaust hood

LED, 15 W;

Product: SYSTEMKANAL, RICHTER
50*55*600mm

L2 Wallwasher for Secondary Area
for illumination of the east cupboards
Fluorescent Lamp, 54 W/24 W
Product: MIREL, ZUMTOBEL
1248/625*114*85 mm,

L3 Pendent Lamp for Dining

Fluorescent Lamp, 27 W

Product: RE-LIGHT CLASSIC, STENG LICHT
PRM SWW -G

L4 Uplight in the gap

for illumination of plants

LED, 3,6 W

Product: MINIPLANO, ZUMTOBEL
d165 mm;d120mm;135mm deep

L5 Uplight inside the Tower

for tower illumination (Highlighting of the house)
LED, 4x25W -> 100 W

Product: X-BAR, RICHTER
96mm*62mm*500mm

L6 Floor Lamp for sleeping area and living room
for reading and working

also as pending lamp for the dinner party
Fluorescent lamp, 27 W

Product: RE-LIGHT, STENG LICHT

QRL SWW -G

L7 exteriors lamp wall-embed

for guiding path and exterior house illumination

LED, 2W

Product: ORILED, ZUMTOBEL

60812570

All switchers are developed with EnOcean Technology.

*SD5, SD6 : will be integrated in the hanging board over
the kitchen, side above.

**circuit 4, 5: will be controlled from the monitor panel
**xcircuit 10: will be controlled from the motion sensor

**integrated in bed, to shut down all lights

Figure 10: EL-601 AC Circuit Layout

to achieve a comfortable interior temperature.

Besides, an another important characteristic of the

house are the gaps. They will shine through their

own illumination with LED uplights, and mostly

through the interior illumination of the house. So the

house will shine through its gaps and transport its

modularity so good at night as day.

The facade will be illuminated in a subtil way by
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Figure 11: Simulation with
Dialux

of the iartiticial light of the con-
test lighting
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Figure 12: Isolines of the Illuminance (lux) of the contest lighting, calculations with Dialux
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exterior illumination (just for evacuation manners),
which was carefully placed in the axis of the

modules.

2.3. lllumination of Exteriors

Not only the house interior will be illuminated, but
also the exteriors of the house. This illumination
avoids possible falling in the night, and shows the
visitor the path and way out. In this case, we use

low energy LED. We intergrated them in the exterior
mobiliary, in which the water tanks and other devices

are placed. See Figure 13

S BH BH W

L7 exteriors lamp wall-embed

for guiding path and exterior house illumination
LED, 2 W

Product: ORILED, ZUMTOBEL

60812570

Will be controlled by the touch pannel

circuit 1.
]L7

circuit 1.
]L7

Figure 13: lllumination of the house exteriors
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Engineering Design Narrative

A. Construction and Envelope

The key design characteristic of home+ is the
rhythmic arrangement of building modules and
gaps. The building volume mainly consists of four
modules, three with the same dimensions and an
additional smaller loggia module. The modules
have no wall openings in the east and west, the
gaps have the function of climate gaps to ventilate
and expose the interior. This arrangement results
not only from the separation of the floor areas and
functions but also follows aspects of modularity,

installation and transport.

Load-bearing structure

The four modules are built as timber structures.

Load assumptions comply with the German
Industrial Standard DIN 1055, Part 1-5. Each module
has been checked as a single, self-supporting
load-bearing structure, not being connected to

the neighboring modules. The load of the glazed
gaps is distributed in equal parts to the neighboring
modules. The bracing in the longitudinal axis

or in the frame respectively is ensured by two

rigid, all side supported frames that are built from

veneer plywood “ultralam R”. In the lateral axis
perpendicular to the frame, the structure is braced
by the shear walls at the fronts. Those shear walls
are manufactured from veneer plywood “ultralam X”.
The differences between the “ultralam X and R” is
that X is glued crosswise and R regular. Due to the
symmetrical arrangement of the walls, twisting is
not expected in the structure. The roof loads (dead
load, additional substructure elements, snow etc.)
are transmitted to auxiliary cross girders made of
structured solid timber. These pass on the loads to
the principal girders made of ,ultralam R“. At the
bottom of the modules, cross girders (FJI- Finnjoist)
are used to accept the loads from dead weight (other
structural components, floor covering, etc.) and the
imposed load. Those loads are likewise transmitted
to the frame.

To obtain a clear load transmission into the soil,

the loads are concentrated to four steel footings
per frame, respectively eight footings per module.
The cross girders (FJI) are double-T beams which
has solid wood bars and a division bar of Oriented
Strand Board (OSB). Since the modules will be
erected in different locations (Madrid, Stuttgart, fair
BAU2011 Munich, etc.), the foundation is adaptable
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Figure 2: model of timber module
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to the respective ground characteristics.

The gaps are made of a glass structure and can be

disassembled into three parts:

1) Two wall constructions as a prefab wall
element with the outer frame of lamellas,

2) Inner window and lateral insulation with
steel covering

3) Horizontal glazing with its frame construc
tion. The gap with the ventilation tower has
two more parts; the lantern which rises
above the roof and the energy tower inside

the house.

House’s building envelope

The walls and the roof of the building are composed
of several material layers with different distinct
functions. The interior layer consists of 75 mm of
veneer plywood; as mentioned above it is part of the
load bearing structure. Moreover it provides thermal
mass to stabilize the indoor climate. On the outside,
the plywood elements are covered with Vacuum
Insulation Panels (VIP) which serve as thermal
insulation. As the whole construction is meant to

be recyclable, the VIPs are not bonded or glued to

the plywood elements. Instead they are integrated

between battens which are fixed to the wall so

they can be easily removed when the building is
disassembled. Moreover, VIPs that are damaged,
for example during construction work, can be
replaced with little effort as long as the final layers
are not applied. As the thermal conductivities of the
VIPs and the wood differ by the factor 30 (0.004
W/meK vs 0.13 W/meK), the battens are thermal
bridges which cannot be neglected. To reduce the
influence of these weak spots, the VIPs are applied
in two layers and integrated into a counter-batten
system. Moreover the battens are made of highly
insulating recycled polyurethane instead of wood
wherever possible. The most heavily loaded battens
which carry adjacent building elements are made of
Oriented Strand Board (OSB). Calculations using
the finite element program FEMLAB showed that
thereby the target U-value of < 0.12 W/m2K can be
achieved. (figure 3)

Another layer protects the sensitive VIPs from
mechanical damage. While this layer was originally
meant to be made of wood fiber boards, it was
changed to OSB in order to be more robust. Thus
smaller parts of the substructure carrying the

photovoltaics can be attached to it. Waterproofing is

Surface: Temperature Max: 1€
0.2
0.1
15
0
10
L 15
03
-0.4 0
-0.5
1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 o Min-4. Figure 3: VIP
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made by a polyolefin membrane. This was chosen,
because it has less environmental impacts than PVC
foil. Photovoltaic cells laminated onto large panes

of glass are the final “solar active” layer. The glass/
glass modules are mounted on a substructure made
of galvanized steel rails with a visually important
distance to the underlying wall construction. In this
way the PV envelope seems to levitate weightless
over the building.

In the roof and floor construction spaces between
the timber girders are filled with sheep wool. With
one additional layer of VIP the extraordinary U-value

equivalent to the one of the walls is achieved.

Photovoltaic

For electricity generation, a large PV system of 12.5
kWp is installed on the roof and both, the west and
east facades. Each fagade is completely covered
with 7 polycrystalline PV-Modules (3 kWp each)
except for the gaps. On the roof, two different types
of modules are installed; 12 small polycrystalline PV-
Modules (1.5 kWp) are located on the east and west
sides and 12 monocrystalline PV/T modules (5 kWp)
in the middle of the roof.

The innovation in this system is that within the

polycrystalline PV glass/glass modules two different

solar cells are combined and integrated. The reason
for applying two different types of solar cells for

roof and facades is a matter of design. Whereas

the multicolor cells on the facade are an important
design feature of our house, the monocrystalline
cells on the roof have been selected to provide a
maximum of power output per roof area. To link

the two areas, we have introduced a new way to
combine differently colored cells in a dot-like pattern
to achieve a transitional effect from one to the other
area: The fagade modules will turn with their colors
gold and bronze around the edge, then becoming
black with the monocrystalline modules in the
middle of the roof. All the PV-modules are frameless
glass/glass panels with laminated PV-Cells in

gold and bronze or black monocrystalline cells. To
improve the light transmission as well as the visual
appearance we have used low-iron glass. The glass
in the fagcades and the roof edges is coated and
transparent, whereas the glass of the PVT-Modules
has also a white coating in the 4th layer. This
design of the PV-Modules was not only a technical
challenge to combine two different cells, but also the
size of the glass/glass Modules poses a production-

related challenge.

Figure 4: home*

Z
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B. Energy Analysis

From the beginning of the competition we developed
a design based on bioclimatic aspects and

passive solar means. Subsequently the design

was modified and refined through analysis, e.g.
technologies and weather data. The architectural
and engineering design reached its final stage after
elaborative simulation and testing. During the past
year extensive simulations as well as experiments
including 1:1 prototype and mock-ups concerning
the crucial components of our concept have been
carried out. The results of these examinations

led to various design decisions which have been
integrated in the further planning of our building. The
simulations mainly dealt with: the thermal quality of
the building envelope, shading devices and required
radiation characteristics of glazings, dimensioning

of the heat pump, solar collectors and the storage
tank, dimensioning of the photovoltaic components
and size and opening direction of windows with
regard to optimal air flow. Whenever possible we
used approved simulation tools such as TRNSYS or
INSEL. For specific problems like the behavior of the
ventilation tower or the PV/T modules at night, we
developed our own models.

The most innovative components of our concept
such as the ventilation tower and the PV/T modules
on the roof could not be dimensioned solely by
simulation since the required input data were not
available. They had to be determined experimentally.
Therefore full-scale mock-ups and prototypes for
these components were set up and tested which
provided valuable information concerning their
construction and energy output. At the beginning, we
tested the market available PV/T hybrid collectors to
get information about the power and the construction
of them, but finally we decided to build the PV

PVIT collectors by ourselves. The behavior of the

ventilation tower was studied on more mock-ups;

a 1:1 scale prototype for the maximal cooling load,
construction and openings to the interior and a

1:20 scale mock-up for the wind tunnel tests was
built. In this way it was possible to make pressure
measurements on 59 pressure taps for the wind
flow behavior. Finally, several decisions were made
for reasons of design or construction. For example,
moveable sun shading had to be added at the south
side of the loggia, because simulations showed that
the diffuse radiation would increase the external
loads in an unacceptable way. Effects of all of these
changes on the performance of the building had

to be checked. For this purpose design decisions
were communicated and the simulation model was
adjusted to these modifications continuously and the
design changed according to the simulation results.
Since the beginning of the design development,

we used this strategy to control the deployment of
the heating and cooling demand and respectively
the building envelope. In this way, it was possible

to dimension the various components. When

most of the components have been conceived,

a sophisticated simulation model was set up in
TRNSYS 16. It covers the building itself and all
technical components. As no regular TRNSYS types
were suitable for our innovative components like
the ventilation tower and the PV/T collectors we
programmed new types based on physical theories
and our experiments. This model was used for the
annual analysis as well as for the development of

the control strategy.

System Design

In order to satisfy the domestic hot water, heating,
and cooling demands several active components
have to be added to the basic concept of maximizing
passive solar means and effects. In the following the
active systems are described one by one, however
it should be understood that they function only in

cooperation with each other. (For the passive means
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see the bioclimatic analysis in the Sustainability
Report.) For example the PV/T modules (described
later) are one of the key elements adjacent to the
ventilation tower. The cooled water produced at
night is used for three systems: to re-generate

the PCM-ceiling, directly for the radiant floor (free
cooling mode) and to lower the temperature in the
storage tank that is used during the day by the heat
pump as heat sink. Also the domestic hot water
preparation is integrated in two systems: for the hot
water preparation with a connection to the storage
tank, as said, and to heat up the heat sink tank in
winter when needed. In the part ,Air handling unit
with evaporative cooling (AHU)" the connection

with the heat pump for fast heating or cooling is
described. All these systems are connected together
by the building control devices. In part F are showed
the different possibilities of the hydraulic system

depending the exterior conditions.

- Building Control and Automation

To control the complex hydraulic system described
above, a sophisticated building automation is
essential. It takes into account the weather data
gathered outside by our meteorological station

and the indoor climate which is monitored by
sensors located in the cupboard zone. Many
parameters are measured: the room and ambient
temperatures as well as those in the tanks,

relative humidity, air quality. According to those
parameters, the building automation system
chooses an adequate mode for heating or cooling
and ventilation. The corresponding devices are
turned on or off automatically, mass flow rates and
outlet temperature of the heat pump are appointed,
valves and mixing valves are set according to the
requirements. For the cooling scenario, this reaction

occurs always in the following priorities:

1) PCM ceiling

2) Ventilation tower

3) Cross ventilation

4) Active ventilation heat recovery

5) Low energy cooling system (free cooling mode)
6) Indirect evaporative cooling

7) Reversible heat pump/ radiant floor

Passive technologies are prioritized and then the
technologies that require low parasitical energy. But
not only the conditioning systems are controlled,

but also the sun shading elements and the lamella
glazing. The windows in the gaps and the openings
of the ventilation tower are connected to the building
automation system, but have to be operated by
hand. The building automation gives a specific visual
signal to the inhabitants when the conditions allow
the use of the ventilation tower and the inhabitants
can decide if they want to use it. The inhabitants can

control all these actions also by the touch panel.

- Domestic hot water preparation (WWSol)

A solar thermal system of 6.60 m?2 of evacuated
tubes collectors is installed on the roof. The solar
heat is stored in a 300 liter storage tank (solar tank)
via an internal heat exchanger. Moreover these
collectors are used to supply the thermal storage
that serves as heat source for the heat pump in
winter. During successive cold and cloudy days, a
back-up is needed to provide domestic hot water.
In this quite rare case for the Madrid climate, hot
water has to be prepared by an electric heating
rod. The collector area is quite large for 2 people
hot water needs and a 300 liters tank. This area
has been chosen together with the heat sink tank
volume (1200 liters) in order to avoid the use of an
additional electrical back-up in the heat sink tank for
the climate of Madrid. Indeed, pure water is used
the heat sink tank and attention has to be paid in
winter to prevent freezing. Such a large collector

area will cause stagnation in summer. In order to
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enhance the emptying behavior of the collectors
during stagnation, the collectors are slightly titled
(3°). Therefore, the amount of steam produced is
limited to the collector volume and the expanded
fluid is directed to the expansion vessel which has
been especially dimensioned to avoid any damages
of the collector loop components (pump, valve, heat
exchanger,..) due to the propagation of superheated
steam. More information on the calculation of the
expansion device can be seen in the Solar Thermal

System report.

- Reversible Heat Pump (HP)

A reversible water/water heat pump provides
heating in winter and cooling in summer to the
house through an activated radiant floor (RF). On
the source side, the heat pump is coupled with

the so-called heat sink tank (1200 liters). In winter,
the HP takes heat out of the heat sink tank and
releases it into the house through the radiant floor.
As described above, the heat sink tank is powered
by the evacuated tube collectors. In summer, the
HP extracts heat from the building (via the radiant
floor) and releases it into the heat sink tank. The
HP with its colling capacity of 2.4 kW is another
new development of the home+ SDE-team and a
specialized company, intended to be developed

further on after the competition.

-Activated radiant floor (RF)

The activated radiant floor (30 m?) distributes the
energy from the heat pump in winter and summer.
It can also be activated in “free cooling” mode in

summer. In this case, cold water is taken directly out

of the heat sink tank and pumped to the radiant floor.

This free cooling mode is only possible when the
temperature in the tank is bellow 18-19°C. This tank
has to be cooled down by radiative cooling through
PV/T modules.

- PVIT Modules (PVIT)

The hybrid photovoltaic and thermal modules have
two mains functions: generate electricity (all year
long during the day) and cool both heat sink tank
and PCM ceiling during the night (summer) by
radiative cooling to the clear night sky. Radiative
cooling is based on the heat loss over long-wave
radiation emission from one body towards another
body of lower temperature, which of acts as a heat
sink. As there are currently no appropriate PV/T
modules on the market which are optimized for this
very special use we had to develop them for the
SDE. The development went through different 1:1
mock-ups and has been tested to be working very
well. Therefore, our new PV/T collector technology
is also on the list of components that we will further

work on after the competition. Our PV/T collectors

are uncovered without any insulation box in order

Figure 6: Facilities niche already build
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to maximize the heat losses to the ambient for night
cooling applications. For this reason, there is no
risk of water evaporation inside the collector during
stagnation in summer. The maximum expected
temperature in standstill is the same as a normal
PV module (around 80°C) which is far from the

evaporation temperature of pressurized system.

- Phase Change Materials
(PCM)
The house is equipped with 20 m2 PCM ceiling (1

- integrated ceiling

cm thick). The PCM used is a mix of salt hydrate
and graphite (85/15%). The graphite increases

the thermal conductivity of the material in order

to enhance the heat transfer from the room to the
PCM. With a melting temperature of about 22°C, the
latent heat of the PCM is used for both cooling and
heating purposes and smoothes the temperature

variation in the room. A density of around 1500 kg/

m3 allows also an increase of the thermal mass in
the building (sensible heat). In summer, the PCM
ceiling is actively regenerated by radiative cooling
through the PV/T collectors. This ceiling is another
innovative component of our house and is based on
research and development work conducted by the
HFT for some years already. As the performance

of the ceiling solution promises a very high market
potential it will also be developed further after the

competition.

- Ventilation tower and cross ventilation —
passive component

The passive ventilation tower supplies fresh air to
the house without mechanical effort when ambient
conditions are favorable. When the wind speed

is high enough, the ambient air is caught by the
tower, cooled through downdraught evaporative

process and supplied to the building (figure 5).
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Figure 7: Scheme of the prototype which is being developed
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The air is exhausted through openings on the gaps
with the help of solar chimneys (absorber plates).
Additionally, passive cross ventilation can cool
down the house during the night through the gaps.
We are aware that the ventilation tower which is

a key design feature of home+ is a very specific
measure for a climate like Madrid (hot and dry).
When setting up home* in different climatic zones, it
can be replaced by components customized for the

respective climatic conditions.

-Air handling unit with evaporative cooling (AHU)

Whenever it is either too hot or too cold to get
fresh air by just opening the windows or the
ventilation tower, the mechanical ventilation system
is activated. An integrated heat recovery system
reduces heat losses in winter and unwanted heat
gains in summer. In summer, additional cooling

is provided through indirect evaporative cooling.

The exhaust air is moistened as much as possible
(close to saturation) and therefore cooled down
before exchanging its heat with the ambient air
through the heat exchanger. In extreme conditions,
the reversible heat pump can supply cooling or
heating to the mechanical ventilation system via an
additional water/air heat exchanger. This allows a
quicker response to the peak loads than the radiant

floor.

............... &\//I/ open roof

\ window

Figure 8: Ventilation Tower and Solar Chimneys
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C. Arrangement of wiring
and supply pipelines

General description

The wiring in our house is simple and well integrated
in the floor, the ceiling cover and the board niche,

so that a quick and easy assembling of the modular
house elements is guaranteed. The board niche

in the mounting area in module 1 is defined to our
facilities board. It contains the air handling unit with
heat exchanger, the reversible heat pump and a
thermal storage tank as well as the complete IT unit
for the building services. It is the technical heart of
our house. Nearly all circuits and pipes are passing
this point. In the area where the patrtition furniture is
placed all main cable-lines enter in the floor assem-
bly. Thence they divide to supply all installed de-
vices. These lines pass the floor assembly through
small openings in the bearing structure. In detail this
means one opening for hot and cold water supply as
well as an opening for the floor and ceiling cooling
system. Furthermore there is an opening for the
HVAC pipes and one more for the main electric line.
Only the electric line continues until Module no. 1,
where the house service con-nection and the electri-

city meter is located. The photovoltaic components

as the inverter are located in the board niche on the
Westside. All electrical and pipelines are completely
preassembled in the modules. Therefore it is neces-
sary that all connection parts for water-, wastewater-
and HVAC lines are flexible. Beyond the house, four
tanks are placed as a distinguishing element of the
ramp and the patio. They contain normal water, fresh
water, waste water and the heat sink tank. Through
pipelines which are passing the floor assembling

they supply appropriate devices.

- Air handling unit

Additionally to the passive systems we integrated
also a air handling unit in our house. We designed
the system that in this way that supply air is injected
at the west side of the building in floor height under
the furniture which is located in the niche. Exhaust
air is deducted on the opposite side through the cei-
ling in the bath room and in the area of the facilities
board. From there it is heads directly to the heat
exchanger in the ait handling unit.

Exhaust air gets deducted in gap no.1 at a height of
approx. 2 meters on the right side of our entrance.
Passing through the heat exchanger the pipes conti-
nue and pass in the floor assembling of module 2. In

there the silencers for supply air and also exhaust air

Figure 9: Pipelines in the floor already build
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are located. Afterwards the pipe changes the direc-
tion in the area of gap no. 2 and continues parallel to
the west facade in the direction of the sleeping room
thence heading up to in direction the roof. Exhaust

air gets diverted through the roof.

- Warm and cold water supply

Drinking water supply occurs from the fresh water
tank beyond the modules. From there the pipes for
the hot water pass the heat storage tank which is
located in the facilities board of module no.1. After
passing there the pipes it is divided to supply all

necessary devices e.g. custom water use.

- Evacuated tube collectors

The six thermal collectors, placed above the glazing
gaps on the roof are connected in series. While the
storage tank is located in the facilities board, the cir-
culation pipe goes through the roof and connects the
first three collectors in the first gap with an insulated
pipe. Than this pipe goes through the above insula-
tion in the roof, to the other side of the module and
connects the last three collectors. At last, the hot
water will be stored in the thermal storage tank. The
connecting pipe from one gap to the other is cons-
tantly in the insulation of the module, only small and
flexible pipes have to be added in the assembly to
connect the collectors. All these small pipes will be

insulated after installation to prevent heat losses.

- PVIT collectors

The PVT collectors which generate cool water at
night in the roof store the water in the mentioned
heat sink tank in the terrace. On the backside of the
PV modules are glued copper pipes and the wa-

ter circulates through the 4 PV/T modules in each
module roof. Caused by that the heat sink tank is
besides the building none of the PV/T modules have
to break through the thermal layer of the house and

vertical pipelines on the facade connect the collec-

tors with the tank. From this tank then goes pipes in
both PCM-ceiling and reversible heat pump through
the mentioned break-through in the floor within the

facilities board.

- Activated PCM-ceiling and radiant floor

Water pipes in the ceiling and in the floor guarantees
ambient cooling through the competition week in
Madrid. The pipelines for the activated ceiling goes
from the facilities niche horizontal through the floor
in each module niche and then vertical on the back-
side of the furnishing on the eastside to connect the

PCM-ceiling. Respectively the radiant floor.

- Waste water
Waste water is lead off centrally from the bathroom

to the waste water tank.

- Pump systems

In addition to the water-water heat pump we ins-
talled a pump which supplies the deionized water for
the ventilation tower in gap no.3 and for the indirect
evaporative cooling within the air handling unit.
Furthermore we installed two pumps underneath

the building in the area of the patio supplying the
PVT collectors and the cooler storage. A pump-ing
system is also installed under the bath to maintain

the eduction to the waste a water tank.

- Distilled water

There is a separate tank with distilled water for

the ventilation tower because of hygienic reasons.
Moreover, we use the distilled water for the indirect
evaporative cooling within the air handling unit. The
water is runs firstly through the pipes in the facilities
niche. There it can be divided. One way heads to the
air handling unit, the other way runs along our main
line inside the floor assembling until gap no. 3. From
there the pipes continue vertically in the area of the

insulating level of the ventilation tower.
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D. Explanatory report on
electrical engineering

Exploitation of heavy current

The feed for the building will be realized by the orga-
nizers in terms of a single-phase alternating voltage
line with 63 A. The energy demand of the building
arises from the balance as illustrated below. Thereof
results an approx. overall performance of 25 kW in
case of a complete occupancy rate. As a matter of
course, 25 kW cannot be assumed because in this
situation a concurrency is not taken into considerati-
on. Therefore an effective overall performance of 14

kW is assumed.

Exploitation of telecommunication / broadband
cable/FOC

- Telecommunication

A development of the building is not planned at the
moment.

- Broadband cable

A development of the building is not planned at the

moment.

High voltage system

- Low voltage switchgear

Normal grid (AC voltage)

The counter space contains the counters for the
building and the solar power system.

- Low voltage installation system
Sub-distributions

Based on the counter space, the exploitation of hea-
vy current is realized to the sub-distribution which

is arranged next to it. All protection schemes for all
modules are included in the sub-distribution. Every
circuit breaker is used in the form of a double-pole
version. The wiring of each module takes place in
the hollow floor and the roof. In the hollow floor, the-
re are clamp-connections installed to separate the

components for the transport.

- Installations
The new EnOcean technology is implanted for the
lightning control. Furthermore, every control function

can be used through a touch panel as well.

Illumination systems

The illumination is planned by an electrical enginee-
ring technical crew.

- Interior lighting

In the living area, wall respectively ceiling lamps as
well as spotlights are installed, partially with LED or
with conventional illuminants.

- Exterior lighting

Outdoors, LED spotlights are integrated into the

terrace.

E. Fire protection

In case of fire, there are two exits, one at the north
and the other one at south.

For fire suppresion, there are two fire extinguishers
planned (21A-113B 6kg each). One outside the
house, at the entrance, and one inside the house, in
the wardrobe. There will be adhequated signage to
signal the position of the extinguishers.

There are two evacuation possibilites. One trough
the ramp and another one at the entrance using the
stairs.

During the night, the stairs, the ramp and the evacu-
ation paths will beilluminated to assegurate a safe
evacuation also.

For the interior and exterior materials, we are taking
into consideration the requirements about Health
and Safety and Fire Protection.

All the interior and exterior materials have a fire re-
action type of C-s2d0. And therefore they have a low

flammability. The structure’s fire resistance is R 30.

Engineering Design Narrative
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F. Description of HVAC

Evacuated tube collectors
Typ: Augusta AS 100 DF6 WWS 0 I
Number: 6
o s PVT AHU RF PCM
Power: 5028 [Wp]
Typ: ESBE VTA322 Collector Air handling unit Activated radiant floor Phase Change Materials

o Mixtemp.: 35 - 60 [°C]
KVS: 1,5

Pump 3
Typ: Magna 25-60
Delivery Heigth: 5,4 [m]

Mass flow: 0,8 [m¥/h]
Power: 10-85 [W]

Q=2160 [W]
aspez = 60 [Wim?]
At=23[K] g

1

Ol S rne
= 3001

Pump 1 S — Heat exchanger

Typ: Grundfos Alpha 2 25-60 180 g3 p, Typ: reflex longtherm rhc 15/20

Leistung: 3,7 (kW]

?
o — g
?
o
?
5

delivery height: 2,3 [m] ¥ 5 % & : X
mass flow: 0,1 [m¥h] Eintrittstemp.: S1/S2 70°C A )i R
Power: 5-45 [W] SUs2.30°C Bx1,5m J W x15m J 28x1,5m
salsa20c ndot = 360 Ckg/h) ndat = 758 [ky/h)
P @X S3/54 35°C
ump 2

Typ: Grundfos Alpha 2 25-60 180
Mass flow: 0,2 [m¥/h]

Volumenstrom: S1/S2 0,11m¥h
$3/S40,12 m?h

Power: 5-45 [W] ‘
Legend
HP Flow
Return
‘ ~————— Flow
Honeywell-Centra BRU 25-2,5 — Q ®7 % Return
Honeywell-Centra
Universal mixer PN6 bl 3-Way Valve
s = 25 ? s ? © adusimentvae
[ \
@ Pump
Reversible Heatpump
E,U‘“ Power Cooling: 2.4 (kW]

(inlet 18°C and condenser inlet 40°C)

Case 1: Summer Day (without heat pump and without recooling tank)

Case 1 (see plan ME-221a)

Assumptions: Summer morning or moderate
day in spring or autumn, ambient temperature
around 22°C

In most hours of the year, when ambient conditions
are moderate, the building can be cooled passively,
without any mechanical effort, by using

the ventilation tower. When the air is warm but dry
(moisture content < ..g/m3) and the wind speed is
high enough to grant sufficient air change

rates, the ambient air is caught by the tower, cooled
by the downdraught evaporative process and sup-
plied to the building. The air is exhausted

through openings on the gaps with the help of solar
chimneys (absorber plates). Additionally, passive
cross ventilation can cool down the house

during the night through the gaps. If necessary, addi-
tional cooling energy can be provided by turning on

the radiant floor (cf. case 2).
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Evacuated tube collectors WW S I
Typ: Augusta AS 100 DF6 O
PVT AHU RF PCM
Mass flow: 75 [I/h]
Power: 5028 [Wp]
Typ: ESBE VTA322 Collector Air handling unit Activated radiant floor Phase Change Materials

@ Mixtemp.: 35 - 60 [°C]
KVS: 15 Pump 3

Typ: Magna 25-60

Delivery Heigth: 5.4 [m]
Mass flow: 0,8 [m¥/h] Q=2160 W]
Power: 10-85 [W] qspez = 60 [W/m?]
At=23[K] 0
Storage Tank
3001 Yo Xo
Pump 1 0,1 ko Heat exchanger [og! 0 (o3| el
Typ: Grundfos Alpha 2 25-60 180 .3 p, Typ: reflex longtherm rhc 15/20
delivery height: 2,3 [m] Leistung: 3,7 [kW] K § §
mass flow: 0,1 [m/h] Eintrittstemp.: S1/S2 70°C
Power: 5-45 [W] S1/S230°C 2x15m | Bx15m
§3/s4 20°C ndot = 360 Tkg/h ndot = 759 Tkg/h
B 2 S3/5435°C
T“p DG s A2 35 60 160 Volumenstrom:  S1/S2 0,11méh
yp: Grui X
40,12 m?
Mass flow: 0,2 [mé/h] S31540,12 m¥h
Power: 5-45 [W] ‘ ‘
Legend:
H P Flow
______ Return
e < ‘ Q Flow
Honeywell-Centra BRU 25-2,5 R — @7 ?QQ et
Honeywell-Centra e
Universal mixer PN6 12001 P 3-Way Valve
fre=2s ¢ % 9 2 adjustment valve
[ \
@ @ Pump
Reversible Heatpump
g‘rb Power Cooling: 2,4 [kW]

(inlet 18°C and condenser inlet 40°C)

Case 2: Summer Day (without heat pump and recooling tank)

Case 2 (see plan ME-222a)
Assumptions: sunny day, ambient temperature

around 28°C, temperature heat sink tank <21°C

During summer, the domestic hot water is supplied
completely through the evacuated tubes and the
heat is stored in the 300 liter hygienic storage tank.
If the water temperature in the heat sink tank is
below 19°C, the building can be cooled with low
energy. In this case the cool water that was genera-
ted during the night on the roof (described in Case
4a) can be fed directly into the radiant floor (“free
cooling”-mode). Depending on ambient air condi-
tions, this mode of operation can be combined either
with the ventilation tower or with the mechanical ven-
tilation. When the tank temperature reaches 21°C,

the reversible heat pump starts running (cf. case 3).
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Evacuated tube collectors WW S O |
Typ: Augusta AS 100 DF6'
Number: 6

Mass flow: 75 [1h]
Power: 5028 [Wp]

PVT AHU RF

Typ: ESBE VTA322 Collector Air handling unit Activated radiant floor

o Mixtemp.: 35 - 60 [°C]
KVS: 15

Pump 3
Typ: Magna 25-60
Delivery Heigth: 5,4 [m]

Mass flow: 0,8 [m¥/h] Q=2160 (W]
Power: 10-85 [W] qspez = 60 [W/m?]
At=23[K]
— i
Olep Soeerom
= 3001 Yo
Pump 1 - Heat exchanger o o
Typ: Grundfos Alpha 2 25-60 180 s Typ: reflex longtherm rhc 15/20
delivery height: 2,3 [m] Leistung: 3,7 [kW] ; 7
mass flow: 0,1 [m¥h] Eintrittstemp. S1/S2 70°C
Power: 5-45 [W] S1S230°C 2x15m 2x1,5m |
S3/5420°C ndot = 360 [kg/h)
$3/5435°C
Pump 2

PCM

Phase Change Materials

ndot = 759 [kg/h]

Volumenstrom:  $1/S2 0,11m¥h

Typ: Grundfos Alpha 2 25-60 180 3154 012 mh

Mass flow: 0,2 [m¥/h]

Power: 5-45 [W] ‘

L HP

¥ % I
Honeywell-Centra BRU 25-2,5 R ? @__ %_@
Honeywell-Centra

Tank
Universal mixer PNG 12001 [©
nirsm
o
Reversible Heatpump
Power Cooling: 2,4 [kW]

kvs =25
(inlet 18°C and condenser inlet 40°C)

Case 3: Summer Day (with HP)

Case 3 (see plan ME-223a)
Assumptions: sunny day, ambient Temperature >

28°C, humid, Temperature heat sink tank >21°C

Case 3 and 2 are very similar - the only difference is
that in case 3 the temperature in the heat sink tank
is too high to operate in “free cooling” -mode.

The reversible heat pump has to be turned on. It ex-
tracts heat from the building via the radiant floor and
rejects it into the heat sink tank. This situation

will occur mainly during hot and humid periods and
thus will be combined with the use of the air handling
unit. In especially hot days the indirect evaporative
cooling in the air handling unit provides additional

cooling power.

Legend:

Flow
Return

Flow
Return

3-Way Valve
adjustment valve

Pump
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Evacuated tube collectors
Typ: Augusta AS 100 DF6
Number: 6

Mass flow: 75 [I/h]
Power: 5028 [Wp]

PVT

Collector

Typ: ESBE VTA322
o Mixtemp.: 35 - 60 [°C]
KVS: 1,5

Pump 3
Typ: Magna 25-60
Delivery Heigth: 5.4 [m]
Mass flow: 0,8 [m¥/h]
Power: 10-85 [W]

|
————d

3001
Pump 1 e ]\ Heat exchanger

Typ: Grundfos Alpha 2 25-60 180 15w Typ: reflex longtherm rhc 15/20
delivery height: 2,3 [m] Leistung: 3,7 [KW]

mass flow: 0,1 [m?/h] Eintrittstemp.: S1/S2 70°C
Power: 5-45 [W] S1s230°C

$3/S4 20°C

b

Q=2160 [W]
qspez = 60 [W/m?]
At=23[K]

AHU

Air handling unit

RF

Activated radiant floor

PCM

Phase Change Materials

noot = 380 [kg/h]

ndat = 758 Ck/n)

Pump 2 o S3/5435°C
Volumenstrom: S1/S2 0,11m¥h
Typ: Grundfos Alpha 2 25-60 180 3154 0.12 mh
Mass flow: 0,2 [m¥/h]
Power: 5-45 [W] ‘ ‘
Legend:
H P Flow
Return
o
(? ~—————  Flow
Honeywell-Centra BRU 25-2,5 R — @7 %_@ Return
Honeywell-Centra s
Universal mixer PN6 12001 [© o 3-Way Valve
fvs=25 ? % ? 2 adjustment valve
[ \
S e

Case 4a: Summer night (1 - 5 h)

Case 4a (see plan ME-224a)

Assumptions: first part of clear summer night

The Phase Change Material (PCM) integrated in the
suspended ceiling smoothes the temperature variati-
on in the room and stores heat during the day.

At night the PCM has to be discharged. As the dia-
gram shows the PCM ceiling is actively regenerated
by the PV/T collectors. This energy-saving method
of discharging the PCM is one of the innovations in
our concept. The Photovoltaic Thermal collectors are
simple glazed PV glass modules on the roof with
absorber fins and copper pipes on the back side.
The PVIT collectors have two main functions: gene-
rate electricity (all year long) and cool both heat sink
tank and PCM ceiling during the night (summer)

by radiative cooling to clear sky. Radiative cooling

is based on the heat loss by long-wave radiation

emission from a body towards another body of lower

Reversible Heatpump
Power Cooling: 2,4 [kW]
(inlet 18°C and condenser inlet 40°C)

temperature, which plays the role of a heat sink. The
clearer the sky is the lower temperatures can be
reached. The time of discharging dependents on the
temperature of the cool water generated from the
PVIT collectors.
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Number: 6

Mass flow: 75 [ih]
Power: 5028 [Wp]

Pump 1

Typ: Grundfos Alpha 2 25-60 180 s
delivery height: 2,3 [m]
mass flow: 0,1 [mé/h]
Power: 5-45 [W]

Pump 2

Typ: Grundfos Alpha 2 25-60 180
Mass flow: 0,2 [m¥/h]
Power: 5-45 [W]

Honeywell-Centra BRU 25-2,5
Honeywell-Centra
Universal mixer PNG 12001 [©

kvs =25

homet

Evacuated tube collectors WW S O |
Typ: Augusta AS 100 DF6

PVT

Typ: ESBE VTA322 Collector

Mixtemp.: 35 - 60 [*C]

Pump 3
Typ: Magna 25-60
Delivery Heigth: 5,4 [m]

Mass flow: 0,8 [m¥h]

Power: 10-85 [W] =7} aspez = 60 [Wim?]

| At=23[K]
|
|
Storage Tank :
3001 I
|

nnnn :—o

Heat exchanger

Typ: reflex longtherm the 15/20
Leistung: 3,7 (kW]
Eintrittstemp.: S1/S2 70°C
S1/S2 30°C

S3/s4 20°C

S3/S4 35°C

%
=

Q=2160 W]

AHU

Air handling unit

22 x1,5m

RF

Activated radiant floor

22 x1,5m

ndot = 360 Ckg/h]

PCM

Phase Change Materials

2 x 1,5 m

ot = 759 [kg/h]

Volumenstrom: S1/S2 0,11m%h
$3/S4 0,12 mh

.

Heat sink (.
Tank

C—— =0

&

Case 4b: Summer night (22 - 1 h)

Case 4b (see plan ME-225a)

Assumptions: second part of clear summer night

As soon as the PCM ceiling is discharged the PVIT
collectors are used to cool down the heat sink tank.
If the temperature of the heat sink tank is higher than
the solidification temperature of the PCM at the
beginning of the night, however, cases 4a and 4b
have to be interchanged: First the heat sink tank has

to be cooled down, then the PCM.

Reversible Heatpump
Power Cooling: 2,4 [kW]
(inlet 18°C and condenser inlet 40°C)

Legend

Flow
Return

Flow
Return

3-Way Valve
adjustment valve

Pump
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Evacuated tube collectors
Typ: Augusta AS 100 DF6
Number: 6

Mass flow: 75 [I/h]

Power: 5028 [Wp]

PVT

Collector

Typ: ESBE VTA322
Mixtemp.: 35 - 60 [*C]
Pump 3

Typ: Magna 25-60
Delivery Heigth: 5,4 [m]

Mass flow: 0,8 [m/h]

Power: 10-85 [W]

________ e T

I
O | 2 Storage Tank
- 3001
Heat exchanger
Typ: reflex longtherm rhc 15/20

Leistung: 3,7 [kW]
Eintrittstemp.: S1/S2 70°C
S1/5230°C
S$3/S4 20°C
$3/54.35°C

Pump 1
Typ: Grundfos Alpha 2 25-60 180 s
delivery height: 2,3 [m]
mass flow: 0,1 [me/h]
Power: 5-45 [W]

Q= 2160 (W]
qspez = 60 [W/m?]
At=23[K]

AHU

Air handling unit

Yo
o )
k X

2x1,5m

RF

Activated radiant floor

PCM

Phase Change Materials

2 x1,5m

ndat = 360 [kg/h]

ndot = 753 [ka/h]

Pump 2
Typ: Grundfos Alpha 2 25-60 180
Mass flow: 0,2 [mé/h]

Volumenstrom: $1/S2 0,11m%h
$3/540,12 m¥h

Power: 5-45 [W] ‘

FEr

Honeywell-Centra BRU 25-2,5 ! Q

Heat sink
Honeywell-Centra Tank fra-tnt
Universal mixer PNG 1.2001
kvs=25

@.-

&

Case 5 (see plan ME-226a)
Assumptions: very hot day and night, ambient

temperature >28°C, fast cooling

The diagram shows the possibility to cool down the
interior very fast. The consumer circuit of the reversi-
ble heat pump is coupled through a heat exchanger
to the supply air within the air handling unit (AHU)
and thus supplies cooler air. The source side of the
heat pump is also coupled to the heat sink tank. This
case will be used to discharge high internal loads
quickly, for example when there is a party with many
persons or when the dwellers come home. During
the competition this used after the public tours to

assure the comfort conditions.

matem

Legend
Flow

Return

—————  Flow

Return
3-Way Valve

adjustment valve

Reversible Heatpump
Power Cooling: 2,4 [kW]
(inlet 18°C and condenser inlet 40°C)

b
=
S
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Evacuated tube collectors WWS 0 I
Typ: Augusta AS 100 DF6
Number: 6

Mass flow: 75 [ih]
Power: 5028 [Wp]

PVT AHU RF PCM

Typ: ESBE VTA322 Collector Air handling unit Activated radiant floor Phase Change Materials
Mixtemp.: 35 - 60 [°C]

KVS: 1,5

Pump 3
Typ: Magna 25-60
Delivery Heigth: 5,4 [m]

Mass flow: 0,8 [m¥/h] Q=2160 [W]
Power: 10-85 [W] aspez = 60 [W/m?] al
At=23[K] d] 0
%’E ¥
o ! o Lo
Pump 1 w Heat exchanger |—@
Typ: Grundfos Alpha 2 25-60 180 s ; Typ: reflex longtherm rhc 15/20 i
delivery height: 2,3 [m] Leistung: 3,7 [kW] 3 ; %
mass flow: 0,1 [me/h] Eintrittstemp.: S1/S2 70°C
Power: 5-45 [W] S1/S2 30°C 2x1,5m J 2x1,5m 2 x 1,5 m
$3/S4 20°C ndot = 360 [ko/h] | mdot = 759 [kg/h]
Pump 2 o S3/54 35°C
u
Volumenstrom: S1/S2 0,11m%h !
Typ: Grundfos Alpha 2 25-60 180 $3/54 0,12 mh ‘ I
Mass flow: 0,2 [me/h] i
Power: 5-45 [W] Honeywell-Centra BRU 25-2,5
Honeywell-Centra Universalmischer PN6
kvs=25
Legend
H P Flow
_____ _. Rewm
| .
Honeywell-Centra BRU 25-2,5 . — @7 _%_@ Return
Honeywell-Centra Tank
Universal mixer PN 1.2001 bRl 3-Way Valve
kvs =25 ? % hd 2 adjustment valve
Bx1sm
% S e

Reversible Heatpump
otk Power Cooling: 2,4 [kW]
(inlet 18°C and condenser inlet 40°C)

Case 6: Winter, sunny day

Case 6 (see plan ME-211a)

Assumptions: clear and sunny winter day

In winter the evacuated tube collectors are used to
heat up the storage tank. This way it can be used
as a heat source for the heat pump which operates
the radiant floor. At a clear winter day the irradiation
is sufficient to supply also domestic hot water. As
the air in the climate gaps is preheated by irradia-
tion, it might be possible to open the windows for
air change. If the air turns out to be too cold, the

mechanical ventilation has to be turned on.
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Evacuated tube collectors
Typ: Augusta AS 100 DF6

Number: 6 PVT
Mass flow: 75 [I/h]
Power: 5028 [Wp]

Typ: ESBE VTA322 Collector

Mixtemp.: 35 - 60 [°C]
Pump 3

Typ: Magna 25-60
Delivery Heigth: 5,4 [m]
Mass flow: 0,8 [m3/h]
Power: 10-85 [W]

£ Storage Tank
3001

Heat exchanger

Typ: reflex longtherm rhc 15/20
Leistung: 3,7 (kW]
Eintrittstemp.: S1/S2 70°C

Pump 1 -
Typ: Grundfos Alpha 2 25-60 180
delivery height: 2,3 [m]
mass flow: 0,1 [m¥h]

Q=2160 [W]
aspez = 60 [W/m?]
At=23[K]

AHU

Air handling unit

RF

Activated radiant floor

PCM

Phase Change Materials

s

e o e o

Power: 5-45 [W] S1/5230°C Bx15m 251,5m 2 51,5 m B x15m
3154 20°C siat = 3