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1 SUMMARY OF CHANGES

Changes to the Project Manual are as follows:
New table included — calculations of service/feeder net computed load and neutral load (NCE220)
Energy Analysis results and discussions updated

Specification sections revised — minor changes only
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2 RULES COMPLIANCE CHECKLIST

Rule 4-2

Rule 4-2

Rule 4-3

Rule 4-4

Rule 4-5
Rule 4-6

Rule 4-6

Rule 4-7

Rule 4-7

Rule 5-2

Rule 5-2

Construction
Equipment

Construction
Equipment
Ground
Penetration

Impact on the
Turf

Generators

Spill Containment

Spill Containment

Lot Conditions

Lot Conditions

Solar Envelope
Dimensions

Solar Envelope
Dimensions

Drawing(s) showing the assembly and disassembly
sequences and the movement of heavy machinery
on the competition site

Specifications for heavy machinery

Drawing(s) showing the locations and depths of all
ground penetrations on the competition site
Drawing(s) showing the location, contact area, and
soil-bearing pressure of every component resting
directly on the turf

Specifications for generators
Drawing(s) showing the locations of all equipment,

containers, and pipes that will contain liquids at any
point during the event

Specifications for liquid-containing equipment

Specifications for liquid-containing containers

Specifications for liquid-containing pipes

Calculations showing that the structural design
remains compliant even if 18 in. (45.7 cm) of
vertical elevation change exists

Drawing(s) showing shimming methods and
materials to be used if 18 in. (45.7 cm) of vertical
elevation change exists on the lot

Drawing(s) showing the location of all house and
site components relative to the solar envelope

List of solar envelope exemption requests
accompanied by justifications and drawing

0-101, 0-102, O-
103, O-104, O-105,
0-106, O-107, O-
108, 0-109, O-110

4122 13

C-103

C-103

41 65 16

H-101, P-101, P-
102, P-103, P-105,
P-106, P-300, P-
301, P-400, P-901,
P-902

11 31 00, 22 41 00,

221200, 22 13 63,
22 3330

211000, 22 11 16,
22 13 16, 22 14 13,
Engineers Site
Report 07 (PM
Appendix 1)

Engineers Site
Report 07 (PM
Appendix 1)

G-201, G-202

N/A

RULES COMPLIANCE CHECKLIST
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FIRST LIGHT PROJECT MANUAL
references
Rule 6-1 Structural Design | List of, or marking on, all drawing and project PM Page 5
Approval manual sheets that have been or will be stamped
by the qualified, licensed design professional in the
stamped structural submission; the stamped
submission shall consist entirely of sheets that also
appear in the drawings and project manual
Rule 6-2 Finished Square | Drawing(s) showing all information needed by the G-101
Footage rules officials to measure the finished square
footage electronically
Rule 6-2 Finished Square | Drawing(s) showing all movable components that N/A
Footage may increase the finished square footage if
operated during contest week
Rule 6-3 Entrance and Drawing(s) showing the accessible public tour route | G-102, G-103
Exit Routes and the ground surface area that will be covered by
organizer-provided walkway material
Rule 7-1 Placement Drawing(s) showing the location of all vegetation L-101, L-104
and, if applicable, the movement of vegetation
designed as part of an integrated mobile system
Rule 7-2 Watering Drawing(s) showing the layout and operation of N/A
Restrictions greywater irrigation systems
Rule 8-1 PV Technology Specifications for photovoltaic components 26 31 00, 26 31 01
Limitations
Rule 8-3 Batteries Drawing(s) showing the location(s) and quantity of N/A
all primary and secondary batteries and stand-
alone, PV-powered devices
Rule 8-3 Batteries Specifications for all primary and secondary N/A
batteries and stand-alone, PV-powered devices
Rule 8-4 Desiccant Drawing(s) describing the operation of the N/A
Systems desiccant system
Rule 8-4 Desiccant Specifications for desiccant system components N/A
Systems
Rule 8-5 ‘ Village Grid ‘ Completed interconnection application form. ‘ PM Page 12
Rule 8-5 Village Grid Drawing(s) showing the locations of the E-101, E-111, E-
photovoltaics, inverter(s), terminal box, meter 112, E-113, E-201,
housing, service equipment, and grounding means | E-205, E-214
Rule 8-5 ‘ Village Grid ‘ Specifications for photovoltaics ‘ 26 31 00, 26 31 01

RULES COMPLIANCE CHECKLIST
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‘ ‘ Specifications for inverter(s) ‘ 4819 16
‘ ‘ Specifications for meter housing ‘ 26 27 13
‘ ‘ Specifications for service equipment ‘ 26 27 13
‘ ‘ Specifications for grounding means ‘ 337983
Rule 8-5 ‘ Village Grid ‘ One-line electrical diagram ‘ E-601
Rule 8-5 Village Grid Calculation of service/feeder net computed load per | E-602
NEC 220
Rule 8-5 Village Grid Site plan showing the house, decks, ramps, tour E-101
paths, and terminal box
Rule 8-5 Village Grid Elevations(s) showing the meter housing, main E-205, E-214
utility disconnect, and other service equipment
Rule 9-1 Container Drawing(s) showing the location of all liquid P-101
Locations containers relative to the finished square footage
Rule 9-1 Container Drawing(s) demonstrating that the primary supply G-601, P-101
Locations water tank(s) is fully shaded from direct solar

radiation between 9 a.m. and 5 p.m. EDT or
between 8 a.m. and 4 p.m. solar time on October 1

Rule 9-2 Team-Provided Quantity, specifications , and delivery date(s) of all | N/A
Liquids team-provided liquids for irrigation, thermal mass,
hydronic system pressure testing, and
thermodynamic system operation

Rule 9-3 Greywater Reuse | Drawing(s) showing the layout and operation of N/A
greywater reuse systems

Rule 9-4 Rainwater Drawing(s) showing the layout and operation of N/A
Collection rainwater collection systems
Rule 9-6 Thermal Mass Drawing(s) showing the locations of liquid-based N/A

thermal mass systems

Rule 9-6 Thermal Mass Specifications for components of liquid-based N/A
thermal mass systems

Table 1: Rules compliance checklist

RULES COMPLIANCE CHECKLIST U.S. D.O.E. SOLAR DECATHLON
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For structural calculations and engineers specification refer to Construction Specification.
For engineers sketches refer to drawing set — S series.

Refer for the list below for engineer’s drawings and calculations which have been stamped by a licensed
engineer as per rule 6-1.

Calculations
Al Introduction
Bl1-B4 Case Loadings
C1-C10 Roof Design
D1 -D5 Canopy Roof Design
E1-E17 Floor Design

F1-F25 Bracing Design

Specification
DOM Domestic Specification
Sketches
SKO01 Foundation & Floor Plan
SK02 Wall Bracing Plan
SKO03 Roof Plan
SK04 Canopy Roof Plan

SK10-21 Details

STRUCTURAL CALCULATIONS U.S. D.O.E. SOLAR DECATHLON
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4 DETAILED WATER BUDGET

This budget is based on the maximum capacity of the supply tank , at 250mm / 9.84 inches high, of 2745 L/725.1
Gal. The waste tank maximum capacity, based on a tank height of 210mm / 8.27 inches) is 1613 L / 426.1 Gal.

It is also assumed that the waste tanks will be emptied twice during the water removal period.

Gallons /
Task Tasks /Day  Wastage etc Total Cumlt. Total

Dishwasher 25 1 0% 2.5 2.5

Cooking 0.6 1 10% 0.7 3.2

Clothes Washer 15.9 1 0% 15.9 19.0
Hot Water 15.0 2 10% 33.0 52.0
Clothes Washer 15.9 1 0% 15.9 67.9
Hot Water 15.0 2 10% 33.0 100.9
Dishwasher 25 1 0% 25 103.4
Cooking 0.6 1 10% 0.7 104.0
Hot Water 15.0 2 10% 33.0 137.0
Clothes Washer 15.9 1 0% 15.9 152.9
Hot Water 15.0 2 10% 33.0 185.9
Hot Water 15.0 2 10% 33.0 218.9
Dishwasher 25 1 0% 25 221.4
Cooking 0.6 1 10% 0.7 222.1
Clothes Washer 15.9 2 0% 31.7 253.8
Hot Water 15.0 2 10% 33.0 286.8
Dishwasher 25 1 0% 25 289.3
Clothes Washer 15.9 1 0% 15.9 305.1
Hot Water 15.0 2 10% 33.0 338.1
Dishwasher 25 1 0% 25 340.6
Cooking 0.6 1 10% 0.7 341.3
Clothes Washer 15.9 2 0% 31.7 373.0
Hot Water 15.0 2 10% 33.0 406.0

TOTAL (gallons) 406.0

Table 2: Projected daily water usage by competition tasks

DETAILED WATER BUDGET U.S. D.O.E. SOLAR DECATHLON
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GPM Time

Fire Protection

Sprinkler Heads 2 15.0 5.00 150.0
TOTAL (gallons) 150.0

Table 3: Water allowance for fire protection

Gallons /

Task Tasks / Day Wastage etc Total Cumlt. Total

Day 8
Irrigation
Day 9
Irrigation
Day 10
Irrigation
Day 11
Irrigation
Day 12
Irrigation
Day 13
Irrigation
Day 14
Irrigation
Day 15
Irrigation
Day 16
Irrigation 6.97 1 10% 7.7 69.7

| TOTAL (gallons) 69.7

Table 4: Projected daily water use for landscape irrigation.

Task Usage 406.0
Irrigation 69.7
System Volume 99.3
Fire Protection 150.0
\ TOTAL TO BE SUPPLIED (gallons) 725

Table 5: Detailed water budget summary

DETAILED WATER BUDGET U.S. D.O.E. SOLAR DECATHLON
PAGE 7 AUGUST 2011
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5 SUMMARY OF UNLISTED ELECTRICAL COMPONENTS

5.1 Statement of Compliance
All components in the design of the First Light entry to the 2011 Solar Decathlon competition carry an
approved testing agency'’s listing per Section 6-7 of the SD2011 Building Code.

SUMMARY OF UNLISTED ELECTRICAL COMPONENTS U.S. D.O.E. SOLAR DECATHLON
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6 SUMMARY OF RECONFIGURABLE FEATURES

A summary of all reconfigurable features affecting SD2011 Rules 602 and Appendix B-2 are outlined
below.

6.1 Reconfigurable Features affecting ANSI Z765-2003

There are no reconfigurable features which alter the finished square footage of the First Light House. The
minimum and maximum areas of the First Light house are within the requirements specified by the
SD2011 Rules, demonstrating compliance.

6.2 Demonstration of Reconfigurable Features for Jury Tours
During the course of public and jury tours, team members will demonstrate multiple reconfigurable
features of the First Light House. Each has been outlined below.

6.2.1 Workstation

The workstation provides the necessary desk space and storage for the study area, as well as providing
screening and storage for the bedroom. As shown in below, the desk top folds down from the unit. The
operation of this unit will be demonstrated by a decathlete during all public and jury tours. There is also a
detachable section (shown removed in Figl part 3) which allows an accessible tour route into and out of
the bedroom. This will remain in its detached position for the entirety of the public exhibit period, however
the alternative configuration will be demonstrated to judges on the various contest panels. Refer to
construction document drawings 1-551 — I-555 for further details.

Figure 1: Indicative operation of reconfigurable workstation unit

SUMMARY OF RECONFIGURABLE FEATURES U.S. D.O.E. SOLAR DECATHLON
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6.2.2 Lounge unit
The lounge unit comprises of built-in seating and storage, and can also be reconfigured to provide two

additional sleeping spaces for guests as shown in Figure below. The operation of this unit will be
demonstrated by a decathlete during all public and jury tours. Refer to construction document drawings I-

31 — 1-43 for further details.

Figure 2: Indicative operation of reconfigurable lounge unit

U.S. D.O.E. SOLAR DECATHLON
AUGUST 2011
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6.2.3 Kitchen Table

In the centre of the house sits a large concrete table. This acts as an island bench top, extending the
kitchen into the middle of the room and providing additional space in which to prepare food and store
utensils. The height of the bench top is such that people can comfortably stand at it to talk, cook and eat.
Bar stools seat four to six people around the southern end of the table, and if there is a need to
accommodate a bigger event, the storage unit slides out from underneath the northern end to free up leg
room for more guests, as seen in Figure 3 below. This also provides space for serving food and
beverages. The operation of this unit will be demonstrated by a decathlete during all public and jury tours.
Refer to construction document drawings 1-441 to 1-443 for further details.

Figure 2: Indicative operation of reconfigurable kitchen table

6.2.4 Internal Blind (Skylight)
In order to control heat loss from the house at night an internal thermal roller blind on the skylight is to be
used. The operation of this blind will be demonstrated by a decathlete during all public and jury tours.

U.S. D.O.E. SOLAR DECATHLON
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7 INTERCONNECTION APPLICATION FORM

New Zealand, Lot 103

Team Name and Lot Number

7.1 PV Systems

DC Rating of Array

Module Manufacturer Short Description of Array (sum of the DC
ratings)
Mitsubishi Electric 14 Mitsubishi Electric Model PV-UJ225GA6 arranged in series 3.15kWp
Mitsubishi Electric 14 Mitsubishi Electric Model PV-UJ225GA6 arranged in series 3.15kWp

Total DC power of all arrays is 6.3 kW

7.2 Inverters

Inverter Manufacturer Model Number Voltage
SMA Sunny Boy 6000A 246-480 V 5.5kW 1

Total AC power of all inverters is 6 kW

The following information has been included as required:

e One-Line Electrical schematic. Refer to construction documents drawing E-601

e Calculations of service/feeder net computed load and neutral load (NCE 220) (See section 7.3)

e Plan view of the lot showing the house, decks, ramps, tour paths, the service point and the
distribution panel or load centre. Refer to construction documents drawing E-101

e Contact details for the team’s electrical engineer, Liam Fox, have been posted to the “Team

Officer Contact Info” database on the Yahoo Group as required per Rule 3-2.

INTERCONNECTION APPLICATION FORM U.S. D.O.E. SOLAR DECATHLON
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7.3 Calculations of service/feeder net computed load and neutral load (NCE 220)
Also refer drawing E-602 for calculations.

Circuit Circut Name Qty Volts  Amps VA Circuit Demmand TOTAL VA
B ker factors as
rea. per NEC
Rating 22011l
1 Exterior Lighting 3 230 0.1 5 10 100% 15
2 Interior Lights 1 35 230 5.2 33 10 100% 1185.773
3 Interior Lights 2 35 230 5.2 33 10 100% 1185.773
4 Study 1 230 0.8 180 20 100% 180
5 Entertainment 4 230 1.6 920 16 100% 360
6 Miscellaneous 20 230 7.8 90 20 100% 1800
7 Bathroom 1 230 0.8 180 10 100% 180
8 Kitchen 8 230 3.1 20 10 100% 1500
9 Oven 1 230 12.2 2800 16 80% 2240
10 Hob/Rangehood 1 230 15 3450 16 75% 2587.5
11 Dishwasher 1 230 5.0 1150 10 75% 862.5
12 Fridge 1 230 1.7 400 10 75% 300
13 Controls 1 230 0.8 180 10 100% 180
14 Shading Blinds 1 230 0.8 180 10 100% 180
15 Washing Machine 1 230 6.5 1500 10 75% 1125
16 Hydronic Dryer 1 230 0.8 180 10 100% 180
17 Hot Water 230 8.6 1980 10 100% 1980
1 230 7.8 1800
INTERCONNECTION APPLICATION FORM U.S. D.O.E. SOLAR DECATHLON
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1 230 0.8 180
18 Ventilation 1 230 0.8 180 10 100% 180
19 Heat Pump 1 230 20.7 2870 32 100% 2870
1 230 1.7 390
1 230 19.0 2480
20 Shed Outlet 4 230 1.6 920 20 100% 360
21 Fire 1 230 6.5 1500 16 100% 1500
97.6 20951.55
kVA
A
INTERCONNECTION APPLICATION FORM U.S. D.O.E. SOLAR DECATHLON
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8 ENERGY ANALYSIS RESULTS AND DISCUSSIONS

8.1 Point of departure

This project has grown out of a desire to improve the current state of New Zealand housing. Many homes
in New Zealand waste energy. They are badly designed and constructed, have inadequate insulation, and
use a lot of energy to heat and run. A typical New Zealand home has very low indoor air temperatures
throughout the year which recently has been associated with poor health, a variety of social and
economic problems for residents as well as contributing to mould and dampness in homes. The First
Light house is a chance to showcase an improved quality of housing that is warm, dry and healthy using
considerably less energy than the current type of housing in New Zealand

What is the current state of housing in New Zealand?

There are currently 1.6 million existing homes in New Zealand, many of which are underperforming,
waste energy and are cold. Many are badly designed and constructed, and have inadequate insulation,
consuming a lot of energy to heat and run. 750,000 homes throughout New Zealand have insufficient
ceiling and under floor insulation, most of these have problems with dampness and are all very cold.

A recent study called the Household Energy End-use study (HEEP) performed by the building research
authority in new Zealand quantified how, where and why energy was used in new Zealand homes, based
on monitoring of energy and end uses in a national sample of 400 homes. The study found that the
average total energy use per household was 11,410 kWh/yr

Total energy use in average NZ home

Cooking
6%

Interestingly New Zealand households use relatively little energy compared to other developed nations.
On a climate corrected basis NZ had the lowest residential sector energy use per capita in comparison

Energy Analysis Results and Discussions U.S. D.O.E. SOLAR DECATHLON
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with Australia, Canada, France, Germany, Japan, Netherlands, Denmark, USA and the UK. (Schipper et
al.2000) One of the reasons for this was the very small amount of energy used for space heating.
Despite this, space heating is still an important energy user in NZ dwellings, on average using
3,820kWhyr.

New Zealand is a temperate country but has a diversity of climates thus has quite a variation in outdoor
temperatures. But what remains consistant across the country is that our homes are very cold. Based on
the data from the study it was found the mean indoor and ambient winter temperature of the houses
studied were well below the World health organisation (WHO) healthy indoor temperature range.

August-September Northern North Southern North Christchurch Southern South
mean temperatures Island Island Island

Living room 16.5 16.1 16.1 14.7

External temperature 11.9 9.3 10.3 7.3

Table 6: Mean indoor & ambient winter temperatures by region

Morning Day Evening Night

7-9am 9am-5pm 5-11pm 11lpm-7am
Living room 135 15.8 17.8 14.8
Bedroom 12.6 14.2 15 13.6
Ambient 7.8 12 9.4 7.6

Table 7: Mean indoor & ambient winter temperatures across a day

Looking at four different periods throughout the day it was only during the evening that the temperature
came close to a healthy indoor temperature of between18-24°.

This study paints a very stark but realistic picture of the state of housing in New Zealand. Despite still
consuming a large amount of energy on space heating we are still living in cold, damp and unhealthy
environments.

Why are our NZ homes so cold?
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The study concluded that there were three critical factors that contributes to the low indoor temperatures
of our homes; these were

- The thermal properties of the home
0 High heat loss in homes due to low levels of insulation
o Single glazing
o0 Poor air tightness and lack of adequate ventilation
0 Large floor areas
o0 Poor orientation and design
- Heating sources and appliances
o0 Fuel sources and heating types
0 Heating capacity and sizing
0 Cost and availability
- Heating practices
0 Heating seasons and patterns
0 Levels of comfort

More here...

How can we improve the housing situation in NZ?

Our point of departure for this project is to design a home that not only meets the requirements of the
competition but begin to tackle some of the issues currently associated with housing in New Zealand. Our
aim is to design a house that maintains the essence of a New Zealand home while dramatically improving
both the health and the efficiency of our homes. The First light house focuses on passive design features
that create an improved thermal envelope that will maintain a comfortable living environment with minimal
space heating. Windows, walls, and floors are made to collect, store, and distribute solar energy in the
form of heat in the winter and reject solar heat in the summer reducing the houses reliance on mechanical
forms of heating throughout the year. Energy efficient appliances, LED lighting, solar generated hot water,
and a unique drying room all combine to reduce the houses reliance on energy. In fact the house will
consume less than a third of the annual energy used by a traditional NZ home throughout the year and
will generate all of this energy with rooftop photovoltaic’s.

The following energy analysis report and discussion documents the process from design and simulation
through to final construction and testing of the house. The report aims to give an overview of the energy
analysis and thermal simulation that was performed to help optimize the design, a description of the
systems within the house that help reduce its energy use and brief analysis of real life data taken from the
First Light house when it was set up and tested for the first time here in NZ.

Energy Analysis Results and Discussions U.S. D.O.E. SOLAR DECATHLON
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8.2 Climate

New Zealand has a wide range of climatic conditions and topography from the top to the bottom of the
country.

warm/humid

. 16.1-18
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Temperature comparison throughout year in Washington DC and New Zealand
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NZ's Climate vs Washington DC Climate??
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8.3 Baseline Simulation

8.3.1 Introduction

In order to gain a better understanding of how to better optimize the building’s thermal performance
throughout a year in NZ and in Washington DC during the competition week we have modeled the
building in Energy plus simulation software. Testing the thermal performance of various aspects of the
design and the building envelope has helped fine tune the house to the desired level of performance that
fits both NZ and US climates.

8.3.2 Assumptions

Computer simulation is always an abstraction of reality, it therefore requires the modeler to make several
assumptions with regards to the building’s construction and the way it is likely to be used once built. The
main assumptions are described in the following subsections.

8.3.2.1 Construction

When Energy Plus modeling commenced there was reasonably adequate construction information
available to allow a high level of accuracy in the simulation model. The baseline building has been
modeled as per the original design. Each building element used in the thermal model is presented in
Table 8 below. Please note that these construction details are those that were in use at the time that
simulation was commenced, refer to the construction documentation drawings for current construction
details.

ELEMENT DESCRIPTION R-VALUE
Walls SIPS Panels R-6.4
Floor SIPS Panels, Timber Lining R-6.4
Roof SIPS Panels R-6.4

6mm Standard Clear Glass, Air Filled, Double
Glazing, Aluminum Frames
6mm Standard Clear Glass, Air Filled, Double
Glazing, Aluminum Frames

Glazing - Windows R-0.26

Glazing - Skylight R-0.26

Shading Canopy Timber -

Table 8: Construction R-Values used for baseline simulation

8.3.2.2 Heating and Internal Gains

At this stage the only heat gains to the building are those from solar gains through the windows. Natural
ventilation from has been modeled (discussed in Section 8.3.2.3). External shading from surrounding
buildings and landscape has been modeled; however incidental shading from foliage has been ignored.
Overhangs, balconies and other areas where the building provides shade for itself have been taken into
account.

Internal gains due to occupants, appliances and lighting loads have been added after the initial round of
testing according to the competition schedule to ensure greater accuracy.
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8.3.2.3 Ventilation and Infiltration

Infiltration was modeled at a rate of 0.1 Air Changes per Hour (ACH), this is if all the air in the room were
replaced every ten hours through the infiltration of outside air through cracks in the building envelope,
around doors, windows and the like. Ventilation has been modeled as 4 ACH.

8.3.2.4 Weather Information

Weather files for thermal simulations have been sourced from the US DOE Energy Plus Weather File
Database. The files are based on data compiled by the New Zealand National Institute of Water and
Atmospheric Research (NIWA) for simulations based in Wellington, and the US National Renewable
Energy Laboratory (NREL) for Washington DC. The weather files are based on data gathered from
Wellington International Airport, Wellington, and Ronald Reagan Airport, Arlington, VA, for the New
Zealand and United States simulations respectively.

The NIWA files consist of hourly records for an artificial year created from twelve representative months,
and the NREL files are from the Typical Meteorological Year 3 (TMY3) data set, which is made up of
hourly values of solar radiation and meteorological elements for a 1-year period.

Their intended use is for computer simulations of solar energy conversion systems and building systems
to facilitate performance comparisons of different system types, configurations, and locations in the
United States. Because they represent typical rather than extreme conditions, they are not suited for
designing systems to meet the worst-case conditions occurring at a location (design day data has been
used for this purpose).

8.3.3 Modeling Variations

The simulations concentrated on reducing heating and cooling loads while maintaining thermal comfort.
The thermal comfort that we have used here is the temperature/humidity requirements set for the
competition. Several variations were made to the building fabric to optimize the thermal envelope. Initial
simulations focused on:

e Glazing types

e Window to wall ratio

e Envelope insulation levels
e High or low mass flooring
e Window & skylight shading
e Canopy Size

e Natural ventilation rates

The results from these simulations are presented and discussed in Section 8.3.4 — 8.3.6.4.1. Following
this first stage of testing the best performing options were compiled, and used for all following simulations.
From this point further testing was performed on the skylight glazing as outlined in section 8.3.6.4.2.

These simulations are all ‘standalone’ variations i.e. they differ from the base model only in the regard
expressly mentioned; the changes are not cumulative. Each set of results is discussed in a separate sub-
section of the report.
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8.3.4 Results - Thermal Envelope

8.34.1 Mass

A large amount of the temperature gains within the building are due to direct solar gain through the
skylight and the windows. Thermal mass has been investigated as an option in order to capture some of
the heat available during the day, and utilize it during the night when the ambient temperature is lower.
This will also have the effect of smoothing out peaks in the internal temperature that are experience due
to the lightweight structures rapid response to ambient temperature variations and solar insolation levels.

The concrete is only added on either side of the central core, as the timber floor is a crucial architectural
element in this space. The floor has been modeled as solid poured concrete, without any floor coverings,
and with the underside insulated with 240mm (9.4") expanded polystyrene, as is utilized in the Structurally
Insulated Panels (SIPs).

Chart 1 shows the effect that the addition of varying thicknesses of concrete to the floor will have on the
internal temperature. As can be seen, even a small addition of mass will have positive effects on the
extreme high and low temperatures. The average temperature does not change.
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Chart 1: Variation in minimum, mean and maximum annual internal temperature with the addition of concrete topping to floor

Chart 2 shows a comparison of the heating and cooling loads required annually for the house with
100mm (3.9") of concrete, compared with the baseline. The HVAC was set to keep the internal
temperature between 21.7°C -24.4°C (71°F - 76°F). 100mm (3.9") has been modeled as this is likely the
largest amount possible within the current design, for structural and space reasons.
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Chart 2: Variations in HVAC energy use with 100mm concrete slab compared with baseline for the period from September 15 —
October 15

Chart 3 shows the internal temperatures with varying thickness of concrete, compared with the base line
clearly showing a smoothing out of the peaks in internal temperature and HVAC Loads through the
addition of a small amount of mass. The mass passively regulates the temperature and aids in meeting
the strict requirements laid out in contest 6. The use of thermal mass also reduces energy consumption
and results in a more comfortable internal environment even when in use outside of the competition.
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Chart 3: Variations in hourly internal temperature with 100mm & 800mm (9.3” & 31.5") concrete slab compared with baseline for the
period from September 15 — October 15
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8.3.4.2 Insulation
Effective insulation is crucial to successful solar design, ensuring that the heat gained from solar radiation

is retained in the space, rather than lost through the envelope. In order to determine the optimization
point, at which adding more insulation would have little to no effect, the expanded polystyrene insulation
thickness in all walls, floors and ceilings was increased from 12.5mm to 1600mm (0.5” — 63”) doubling the
thickness each time. The corresponding R-values are shown in Table 9.

Polystyrene Thickness (mm) ‘ R-Value (m2°C/\N)

12.5 04

25 0.9

50 1.7

100 34

200 6.9

400 13.8

800 27.6
1600 55.2

U.S. D.O.E. SOLAR DECATHLON
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Table 9: Thickness of polystyrene and the corresponding R-Value (m2°CNV)

As can be seen in Chart 4 the increase in insulation by a magnitude of up to 64 times results in relatively
small changes in the maximum, mean, and minimum temperature over the course of an entire year. Chart
4 shows the optimization point at around 400mm (157.5") or R-13.8 (R-78) for the maximum temperature.
The mean and minimum temperatures continue to rise past an insulation level of R-55 (R-312.3), the
mean temperature is beginning to level off at this stage, while the minimum temperature continues to rise
relatively sharply. The difference of 0.1°C (32.2 °F) between R-6.9 and R-13.8 (R-39 & R-78) was
considered negligible for the additional space requirement and cost of doubling the insulation thickness. It
should also be noted that for the maximum temperature the difference between R-3.4 and R-6.9 (R-19.3
& R-39) is also relatively minor, although the difference is greater for the mean and minimum
temperature.
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Chart 4: Comparison of variation in annual maximum, mean and minimum internal temperatures (°C) due to increase in insulation
R-value (m*°C/W)

8.3.5 Results - Shading

8.3.5.1 Blinds/Louvers

Due to the large area of glazing, especially in the skylight, there are periods where there are excessive
solar gains which lead to large chiller loads. Due to the time of year, and therefore the angle of the sun,
the canopy provides minimal shading. One option is to apply tints and films to the glazing, although due to
their permanence they are best used in combination with adjustable shading. Shading, in the form of
blinds and louvers can be adjusted at different times of the day and year allowing effective control over
the solar gains. The louvers have been modeled as 300mm (11.8") external and internal shading devices
and at three different settings, 60° open, 30° open and fully closed.

Chart 5 shows the maximum, mean and minimum temperatures with the different louver variations. As
can be seen in this graph the minimum internal temperature varies greatly, staying below -12°C (10.4°F)
on the coldest winter day. As to be expected the shading has no effect during cold winter days. The most
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prominent change is the drop in maximum temperature, the best performing option, external skylight
louvers closed, results in the internal temperature dropping to 39.6°C (103°F) from the baseline
temperature of 54.8°C (129°F). This clearly demonstrates the significant impact the skylight has on the
internal temperature and the importance of reducing the solar gain during certain periods.

60

50

40 —

30

20

10

Temperature (°C)

-10

-20

BASELINE Internal Internal Internal External External External External External External
Skylight Skylight Skylight Skylight Skylight South South South Skylight
Louvres Louvres Louvres Louvres Louvres Window Window Window Louvres

Closed Open 30deg Open 60deg Open 60deg Open 30deg Louvres Louvres Lourves Closed
Open 60deg Open 30deg  closed

Shading Type
MAX AVE MIN

Chart 5: Comparison of annual maximum, mean and minimum internal temperatures (°C) with various shading devices

8.3.5.2 Canopy

The canopy provides shading to the house underneath, acting as a shading canopy that reduces the
amount of direct solar radiation hitting the house. This canopy is also a mounting platform for the
photovoltaic array, intended to allow air flow around the photovoltaic modules, passively cooling them and
allowing them to operate at maximum efficiency.

In an attempt to reduce the solar gains through the skylight the canopy has been modeled with 700mm,
1000mm and 1500mm (27.6”, 39.4” & 59.1") extensions to both the east and west side of the roof over
the skylight. Similarly to reduce the gains through the southern windows the canopy has also been
modeled with 700mm and 1000mm (27.6" & 39.4") extensions to the south side.
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Chart 6: Annual maximum, mean and minimum internal temperature (°C) with canopy variations

Chart 6, shows the maximum, average and minimum temperatures with each different design option. As
can be seen from Chart 6 the minimum internal temperature does not change. The biggest effect comes
from completely shading the skylight, the temperature drops from 54°C to 40°C (129°F — 104°F). The
average temperature drops slightly with the increase of shading over the skylight while the minimum
temperature remains constant, and well below the level required by contest 6.

8.3.6 Results - Glazing
8.3.6.1 Window to wall ratio

8.3.6.2 All Glazing

In order to determine the optimum glazing area for the First Light House in Washington, simulations were
performed with varying glazing areas. The ratios are based on the existing area of glazing i.e. 100%
representing the existing area, 0% no glazing and 200% twice the glazing area. Window to wall ratio was
investigated using the baseline standard clear double Insulated Glazing Units (IGU).
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Chart 7: Annual maximum, mean and minimum internal temperature (°C) with glazing area between 0% and 200% of baseline area

This was compared utilizing the maximum, average and minimum temperatures across a full year period.
Note the skylight was restricted by the effective roof area at 100%, as increasing the area beyond this
point had no effect due to complete shading by the canopy evident in Chart 7 by the change in gradient at
100%. From these results a clear correlation can be seen between the glazing area and the internal
temperature, where by the reduction in glazing results in a significant improvement in efficiency. The
skylight is an integral aspect of the architecture, creating the desired spatial experience in the central
area, therefore its removal would be a last resort.

The effect of the skylight on the maximum internal temperature can clearly be seen in Chart 7. The
temperature levels level out when the area increases past 100%, this is due to the shading of the skylight
by the canopy, as previously mentioned. This highlighted the considerable impact of the skylight on the
internal temperature.

Furthermore from Chart 7 it can be concluded that reducing the glazing area results in a decrease in the
range of internal temperature (i.e. the difference between the maximum and minimum temperature), with
the decrease in the maximum temperature the most pronounced.

8.3.6.3 Skylight

As mentioned in the previous section the skylight has been identified as an area of the glazing design
requiring further attention. Its area has been varied independently of the other glazing in order to
determine the potential performance increases. Chart 8 and Chart 9 illustrates this through the display of
the interior temperature across September and October in Washington for a glazing area of between 0%
and 100% and 0%-400% respectively. As with the above results the area is expressed as a percentage of
the existing glazed area, although focusing only on the skylight. The canopy was removed for these
simulations in order to gain a clear indication of the correlation between the area of skylight glazing and
the internal temperatures.
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From Chart 8 & Chart 9, it can also be seen that there is a clear relationship between the area of the
skylight and the internal temperature, where by the smaller the skylight area the lower the hourly interior
temperature. This indicates that to perform optimally the skylight should be of the lowest area possible.
The skylight is an integral aspect of the architecture, creating the desired spatial experience in the central
area, therefore its removal would be a last resort.
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Chart 8: Variations in hourly internal temperature with glazing area between 0% and 100% of baseline area concrete slab compared
with exterior for the period from September 15 — October 15.
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Chart 9: Variations in hourly internal temperature with glazing area between 0% and 400% of baseline area concrete slab compared
with exterior for the period from September 15 — October 15.

The current design has reduced the skylight to approximately two thirds of the original size, along with
significantly improving the glazing construction as detailed in Section 8.3.6.4.2. This has resulted in
significant performance improvements, which enables the justification of the skylight in the design.

Energy Analysis Results and Discussions U.S. D.O.E. SOLAR DECATHLON

PAGE 28 AUGUST 2011
SECTION 05 12 00 STRUCTURAL STEEL FRAMING



FIRST LIGHT PROJECT MANUAL

8.3.6.4 Glazing type

8.3.6.4.1 Windows

In addition to varying the area of glazing, there are significant performance improvements to be made by
altering the construction of the glazing units, whether it be by changing the glass type, the number of
layers or the gas fill.

Initial tests on the glazing were performed on all windows as well as the skylight. The baseline is a
standard 6mm clear double Insulated Glazing Unit (IGU) with air fill. For comparative purposes five high
performance glasses were chosen from the LBNL Window 5 database as detailed below in Table 10.
Each glass was tested in a double and quad IGU, with both air and argon fill for each, giving 20 variations
in total. The constructions of the IGUs are detailed below in Error! Reference source not found..
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Figure 1: Glazing IGU Construction Details (a) Double, (b) Triple, (c) Quad

K
(W/m.K)

Glazing Type

Standard Clear 9804 6.0 0.77 0.07 0.07 0.88 0.08 0.08 0.84 0.84 1.0
Low-e + Tint 5374 7.9 0.10 0.09 0.56 0.27 0.05 0.04 0.84 0.02 1.0
Low-e 5440 7.9 0.28 0.49 0.56 0.77 0.07 0.06 0.84 0.02 1.0
Low Trans. 5832 5.8 0.10 0.08 0.33 0.11 0.07 0.30 0.84 0.63 1.0
Reflective + Tint 2751 5.6 0.12 0.63 0.44 0.17 0.6 0.56 0.84 0.84 1.0
Reflective 11049 6 0.27 0.60 0.46 0.47 0.40 0.42 0.84 0.84 1.0
Legend:

W5ID# Window 5 ID number Tvis  Visible Transmittance at Normal Incidence

Thick Thickness Rvis  Visible Reflectance at Normal Incidence

Tsol Solar Transmittance at Normal Incidence Emis Infrared Hemispherical Emissivity

Rsol Solar Reflectance at Normal Incidence K Conductivity at Normal Incidence (W/m.K)

Table 10: Thermal and optical specifications for various glazing types (source: Window 5)

The main performance factors that were considered were the heat transfer through the glazing (loss and
gain) and the internal temperature. The values in Chart 10 were taken from hourly data over the entire
year. With regards to heat gain through the windows, all of the selected high performance glasses offer a
significant improvement over the standard clear glass used in the base model. This is clearly shown in
Chart 10 where even with another air fill double IGU (with reflective & tint glass) the maximum heat gain is
reduced from 12.5kW to 3.1kW. Using the same glass with an argon filled quad IGU this can be reduced
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further to 2.3kW. This shows that the choice of glass has a much more significant impact on reducing the
solar gain than the gas type or number of layers of glass / gas. In saying this, the difference between
guad and double is greater than the difference between air and argon. The glass offering the greatest
reduction in heat gain is the tinted reflective glass mentioned above, followed by the tinted low-e glass.
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Chart 10: Maximum heat gain & loss through the glazing over entire year

As seen in Chart 10 the heat loss through the glazing is much lower than the heat gain, in the 1 — 2kW
range it is still worth consideration. Here the benefits of adding more layers of glass and changing the gas
fill are much more pronounced than with the heat gain, although the glass type still has a significant
impact especially in the double IGUs. The tinted reflective glass which performed the best in preventing
heat gain through the windows has the worst performance with reducing heat loss. The best glass for
reducing heat loss through the windows is the tinted low-e glass, with the air filled IGU. It reduces the
heat loss to 0.9kW compared to 2.5kW for the baseline and 1.5kW for the tinted reflective. This is
reduced further to 0.45kW when the tinted low-e is used in an argon filled quad IGU.
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Chart 11: Annual maximum, mean and minimum internal temperature (°C) with variations in glazing type.

8.3.6.4.2 Skylight

The skylight has been identified as a major source of heat gain and loss, and was simulated separately
from the windows in the following tests. Argon filled double IGUs was used in all windows and only the
skylight glazing was varied. Three of the five glasses used in the initial glazing testing were used here
(Low-e + Tint, Low-e, Reflective + Tint), in double, triple and quad units, each with argon and air fill giving
a total of 18 variations. In addition to traditional glazing three alternative high performance overhead
glazing materials have been used; Danpalon Polycarbonate, Pilkington Profilit glass channel with nano-
gel, and Ethyltetrafluroethylene (ETFE) pillows. For comparison the simulations have also been
performed where the skylight was replaced with a Structural Insulated Panel (SIP) of varying R-values of
2,4,6,8 and 10. Refer to Figure 2 for construction details and Table 11 for thermal and optical
specifications.

All simulations have been run for the period from September 1st to October 31st unless otherwise
specified (i.e. design days).
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Danpalon 16mm 40mm Translucent
Multicell Clear Glass Wool
Polycarbonate (3 Layers) Tnsulation Pilkington Profilit

Glass Channel Nano-Gel Encased in
/_ Polycarbonate Sheeting Steel RHS
! - — —
T 11 ETFE 4 Layer
Pillow

Figure 2: Composite skylight glazing construction details (a) Triple Layer Danpalon with translucent glass wool insulation, (b) Profilit
glass channel with nano-gel insulation, (c) ETFE 4 layer pillow

1 | - -
1 o1
T 11

Tvis SHGC U-value
Danpalon Single 0.31 0.44 1.53
Profilit Nano-gel 0.38 0.31 0.19
ETFE 4 Layer 0.8 0.7 1.47
Danpalon Triple 0.36 0.21 0.56

Table 11: Thermal and optical properties of composite skylight glazing options

Chart 12, below shows the energy used by the HVAC system in kWh / day, this simulation was performed
using the design days as defined by the weather file. As can be seen the loads for both heating and
cooling stay within a 10kWh/day range for the various traditional (glass) glazing options. With regards to
the composite glazing options, the cooling loads rise sharply. The most pronounced example of this is the
ETFE pillow which approximately doubles the cooling load compared with the glass options. The
exception to this rise is the triple layer Danpalon unit, which is in the same range (albeit the higher end)
as the glass options, while removing the skylight altogether reduces the cooling load by at least
10kWh/day compared to the glass units. The heating loads for the single layer polycarbonate and the
ETFE pillow are in the same range as the traditional options, whereas the nano-gel and the triple layer
Danpalon reduce the heating loads to approximately 5 — 10kWh below the range of the glass options.
Removing the skylight approximately halves the heating loads, this difference is much more significant
that the decline in cooling loads. This suggests that the heat loss through the skylight is more significant
than the heat gain, at least in terms of the impact it has on the energy demand of the HVAC system.
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Chart 12: Skylight Constructions - Design Day HVAC Energy Use (kWh)

As with the first round of simulations, the heat gain through the glazing (windows and skylight) varies
more depending on the glass type compared with changes in gas type and the number of layers in the
IGU as seen in Chart 13. Amongst the glass skylight options the heat gain only varies slightly with a
range of approximately 1kW (approximately 4 — 5kW). The single layer polycarbonate, nano-gel and
ETFE result in significantly higher heat gain, almost double in the case of the ETFE (9.7kW peak), while
the triple layer Danpalon is in the same range as the glass options. Removing the skylight altogether
lowers the maximum heat gain to 3.1kW, which is the heat gain entering through all of the other glazing
except the skylight. This is only 0.7kW below the best performing skylight glazing option (quad argon
tinted reflective glass: 3.8kW), which suggests that there are higher levels of heat gain entering through
the other windows. It should be noted that these are the maximum levels during the simulated period
(September 1st - October 31st). The mean heat gains are much lower, at between 0.8 and 1.6kW,
although this includes periods where there is no heat gain (mainly overnight).

As can be seen when comparing Chart 13 the heat loss is significantly lower than the heat gain, with a
range between 0.8 — 1.2kW.Here it can be seen that the differences between the various glazing types
are minimal, with the exception of the nano-gel which offers a comparatively significant reduction. The
effects of adding argon gas and more layers to the IGU offers a comparatively more significant reduction
in heat loss than heat gain. This effect is not as pronounced as in the previous round of testing which was
simulated over the whole year (and therefore included the winter months where the temperature drops as
low as -15°C (5°F)).
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The next round of glazing simulations were conducted after local manufacturers had been contacted and
the availability of various products had been established. After initial consultations it was decided that
Metro Glasstech was the preferred option for supplying the insulated glazing units. The initial specification
(Table 12) they provided has been simulated and the results shown in Chart 13: Maximum heat gain &
loss (kW) through the glazing for the period from September 1* to October 31%.

. Rsol
Glazing Type IVI;/?# '(I'erzl; Tsol
Front | Back
Standard Clear 9804 5.7 0.77 0.07 0.07
Argon Gas 12
ClimaGuard® Neutral 70 12042 5.7 0.558 0.18 0.13
Argon Gas 12
ClimaGuard® Neutral 70 12042 5.7 0.558 0.18 0.13
Legend:
W5ID# Window 5 ID number Tvis
Thick Thickness Rvis
Tsol Solar Transmittance at Normal Incidence Emis
Rsol K

Solar Reflectance at Normal Incidence

Rvis Emis K
Tvis | (W/m-

Front | Back | Front | Back K)

0.88 0.08 0.08 0.84 0.84 1.0
0.026

0.75 0.05 0.07 0.17 0.84 1
0.027

0.75 0.05 0.07 0.17 0.84 1

Visible Transmittance at Normal Incidence
Visible Reflectance at Normal Incidence
Infrared Hemispherical Emissivity

Conductivity at Normal Incidence

Table 12: Thermal and optical specifications for Metro Glasstech suggested IGU (source: Metro Glasstech & Window 5)

As can be seen the metro glass option performs well with regards to heat loss (better than any of the
traditional glazing options previously tested), although has significantly higher heat gains at approximately

1.5 — 2.5kW above the other options.
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Chart 13: Maximum heat gain & loss (kW) through the glazing for the period from September 1* to October 31*

This was resolved in further iterations by replacing the outer layer of clear glass with a tinted glass. The
tint for the skylight is green in colour as this excludes more solar radiation while still allowing an
acceptable visible light transmission. While the tint on the vertical glazing is neutral / grey in colour to fit in
with aesthetic requirements, the colour of either tint is not detectable when viewing from the inside out.

8.3.7 Daylighting and THERM

8.3.7.1 Daylighting

In addition to thermal simulation, day lighting analysis was also performed on various skylight options in
order to determine the effect they would have on the indoor light levels. This was deemed necessary as
some of the options, especially those which employed non-traditional glazing, had very low visible light
transmission values. These simulations were performed in Autodesk Ecotect Analysis software, using a
standard uniform overcast sky.
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Figure 3: Daylighting Analysis - Triple Layer Danpalon Skylight

Simulations were performed using standard double glazing, Danpalon and Profilit glass channel with
nano-gel, at both full size and the two thirds size, which is in the current design as specified in the thermal
performance. An option was also explored where by the skylight was made up of an alternating series of
solid and glazed strips with the intention of improving the thermal performance by reducing the glazed
area.

8.3.7.2 THERM

Initial testing was performed in LBNL's THERM two-dimensional building heat-transfer modeling software
on glazing framing members, in order to determine the heat flow paths through the various constructions
and aid in specifying. A comparison was completed on a solid timber and APL thermally broken aluminum

bi-fold head detail.
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Figure 4: THERM infra-red heat transfer analysis of (a) solid timber bi-fold door head and (b) APL thermally broken aluminum bi-
fold head

8.4 Final Simulations

8.4.1 Introduction

In order to predict how the building would perform; both in Washington during the competition week and
in Wellington across a full year, the thermal and solar performance of the First Light House were
conducted in the Energy Plus simulation software.

8.4.2 Assumptions

Computer simulation is always an abstraction of reality, it therefore requires the modeler to make several
assumptions with regards to the building’s construction and the way it is likely to be used once built. The
main assumptions are described in the following subsections.

8.4.2.1 Construction

The final Energy Plus simulations were performed with updated construction elements, each is presented
in Table 13 below. Please note that these construction details ar