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Abstract

This project aimed to provide guidance to its sponsor-the construction and housing
manager at a small kibbutz community in the Negev Desert in Israel-on the factors of
housing construction that influence thermal performance and therefore energy efficiency
of the buildings within that region. This project examined the trends that should be
present in houses specific to the region based on thermal mass, insulation, glazing,
directional positioning, envelope design, and the relationship between convection and
radiation within the house. These trends were compared to 1) actual temperature and
humidity values collected by a Worcester Polytechnic Institute Interdisciplinary
Qualifying Project team in two houses on-site and 2) data collected from single-change
iterations of a baseline DesignBuilder model of one of these houses created on-site.
The knowledge gained from this project, written up in an approachable format, enables

the sponsor to strive for informed building design and renovation in the future.
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1 Introduction

Figure 1: Neot Semadar's Art Center

Neot Semadar is a modern kibbutz situated in the southern region of the Negev
Desert of Israel. It is an ecological community of smart and intellectual people who
welcome others from all over the world and teach them the principles of living a
cooperative and creative life. Founded in 1989, it was created well after the early Zionist
kibbutz movement of the 1900s that led to the settlement of land previously known as
Palestine and eventually led to the creation of a Jewish state. In the 1980s, many
traditional kibbutzim faced economic and ideological crises and as a result shifted to a
more capitalistic and individualistic-savvy approach to their community. Many also
became public entities or in some cases dissolved.

Neot Semadar was founded by a group of young Israelis in the wake of this
transformation of the kibbutz and possesses a unique combination of traditional ideas

and innovative approaches to their daily life-specifically centered on the idea of “self-



learning.” This means that although they are an ecological community and focus on
both sustainable living and healthy human relationships with one another and nature,
they also value an individual’s ability to make sense of it all and find meaning in their
daily life in how they personally experience things.

Neot Semadar aims to teach its residents and visitors responsible citizenship,
perhaps both a lingering goal of the traditional kibbutz and a concept that needs
reinforcing in today’s world. Not only do they incorporate this into their daily life, with
shared community support and work such as taking on laundry, preparing meals,
working the crops in the field, providing childcare for one another, and taking care of
and accommodating the sick but they also incorporate these values into the continuous
design and improvement of their community.

One such way that they live out this value is through the design and continuous
advancement of their housing. Nestled in the mountains of the Negev Desert, Neot
Semadar aims to have environmentally-friendly and sustainable housing that abides by
Israel's federal desert housing standards. They do this without compromising the
occupants’ personal comfort and communal preferences. With cold nights, and hot dry
days throughout most of the year, it is an ideal candidate for bioclimatic architecture; “an
alternative method of constructing buildings in which the local climate conditions are
considered...with the aim of improving energy efficiency” (Singh, 2010).

The community at Neot Semadar has researched sustainable energy-use for
years—spending 15 years designing and building their landmark art center, a “Willy
Wonka-type wondrous building with a pink-and-blue tower rising above it that looks

totally out of place in the area, yet magically fits perfectly,” which has been designed to



have a natural cooling tower that works passively to cool the building in tandem with the
climate (Leichman, 2014). However, their theoretical knowledge has historically fallen
short of their goals, as smaller cooling towers for homes failed and the art center cooling
system ended up ineffective.

In this Major Qualifying Project (MQP), goals were achieved in the hopes of
educating the sponsor and kibbutz members on the realities of thermal performance
within their region. This project aimed to identify the most significant causes of energy
inefficiency in different types of houses at Neot Semadar through thermal performance
modeling and experimentation. It also enabled the creation of a guide on future building
and renovation, with thermal efficiency in mind.

This project took place over the course of 8 weeks on-site at Neot Semadar as
did another Worcester Polytechnic Institute project: An Interdisciplinary Qualifying
Project (IQP) that collected real temperature data from various houses on-site. The IQP
team of four students focused on creating a sensor that accurately measured
temperature and humidity internally and externally for houses at Neot Semadar. These
students assembled and tested this device on-site and aided this project in explaining

the real thermal phenomena of desert housing in the winter season.



2 Problem Statement and Project Goals

2.1 Problem Statement

This project acted as a guide to explain the thermal performance of residential
buildings during the mild winters and hot summers characteristic to the region of the
Negev Desert in which Neot Semadar is situated. The sponsor of this project, Yoram
Tencer, a director of construction at Neot Semadar, was in need of expertise in
determining the most important factors in housing construction that influenced thermal
performance (and therefore energy efficiency) of their buildings. The challenge of
understanding what contributes to real housing conditions is not exclusive to the
residents of Neot Semadar or any one type of profession: architects, engineers,
construction managers, and even home owners find it difficult to understand how
theoretical heat transfer principles affect the thermal comfort and performance of their
homes and buildings. This project examined trends that should be present in houses
specific to the region based on thermal mass, insulation, window-cover, directional
positioning, envelope design (floor, wall, and ceiling design), and heat convection and
radiation within the house. These trends were compared to actual recorded temperature
data sets from two different types of houses at Neot Semadar as well as properties of a
baseline model of one of these houses. Knowledge gained from this project enabled the

sponsor to strive for more efficient and informed building design and renovation in future



endeavors. It also provided a common knowledge base from which the housing

conditions at Neot Semadar could be understood and explained to its residents.

2.2 Project Goals

This project was completed on-site at Worcester Polytechnic Institute’s Israel project
center and involved academic work being completed both before project site arrival and

during the on-site portion. Main project goals were broken down as follows:

Preparatory:
e To understand the roles that thermal mass, insulation, glazing, and positioning
have on the thermal performance of a house in a desert climate
e To understand what characteristics of a building envelope, contribute to its

thermal comfort and how these characteristics typically behave

On-site:

e To analyze collected temperature values for dry bulb, wet bulb, ceiling, floor, and
wall temperatures in two houses at Neot Semadar: one with high thermal mass,
and one light-weight and insulated

e To create a baseline model of the light-weight house

e To make single-factor changes to said baseline model to study the effects of

relevant architectural choices



3 Background

3.1 Mesoclimate of Neot Semadar

Israel has a Mediterranean climate however within the country the climate varies
by location despite its small size, approximately 27,000 square kilometers (a little bit
larger than the state of New Jersey). Israel is split into three climatic zones with the
southern-most zone being BWh according to the Képpen-Geiger classification system.
BWh is a hot desert climate with an annual average temperature above 18 centigrade or
64.4° F (weatheronline.co.uk). This type of climate is characterized by 0-250 mm of
rainfall annually and some of the hottest temperatures on the planet during the summer
months (Britannica, 2016).

The Negev Desert itself has less than 100mm of rainfall annually in the most
southern areas of the region and this small amount of precipitation is only present in the
winter months (weatheronline.co.uk). When it does occur, precipitation in the area can
cause erosion and flooding due to the environment not being acclimated to effects of

rainfall, with loose soil and plants with narrow root systems.
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Figure 2: Neot Semadar Average Temperatures and Daylight from the NOAA

Neot Semadar has a mesoclimate that is slightly different from its surrounding
desert areas. Oxford Reference defines a mesoclimate as the climate of a
geographically restricted area, such as that of a forest, upland, or valley, which is not
necessarily representative of the overall climate of the region as a whole. Neot
Semadar, definitively fits this description due to their altitude and their unique man-
made vegetation and some-1,200 trees that were planted by the kibbutz members and
that are watered throughout the year. Because of this slight difference, temperatures
specific to Neot Semadar, as shown in the figure above, will be used in thermal analysis
and simulation instead of averages for the Negev, along with real data collected on-site.
This means a high of 37 centigrade for the summer and a low of 6 centigrade for the
winter will be used in order to show the extremes of both seasons in thermal

simulations.



3.2 Bioclimatic Architecture and Thermal Comfort

Bioclimatic Architecture stems from a stray in mainstream architectural goals to
separate and protect people from the harsh environmental conditions in which we live. It
focuses more on the study of vernacular architecture or “high-comfort” living as it
interacts intensely with the local environment. This field of architectural study was
created by demand when environmental issues due to energy production, and therefore
consumption, became clear to the public. About 60 to 70 percent of the total energy
consumption in non-industrial buildings in Europe are used solely to adjust indoor
temperatures to keep its inhabitants comfortable (Manzano-Agugliaro, 2015). This
highlights how big of an impact passive temperature control method have on our
energy-consumption as a species. We use a lot of energy to reach comfortable and
healthy living conditions so harnessing the energy that exists in the climate in an area to
heating advantage instead of fighting it can save a lot of money and resources. Little
things such as changing the direction a house faces with respect to the sun or adding
an awning that blocks solar radiation in the summer when the sun is higher than in the
winter, can have a significant effect on temperature of a house.

Bioclimatic studies aim to create cost-efficient and passive systems that keep
buildings at comfortable temperatures. Thermal comfort is multifaceted and is defined
by both a technical component and a subjective perception component. Technically
speaking, thermal comfort is based on the relationship between dry and wet bulb
temperatures as well as relative humidity within an environment. However, different
people have slightly different temperatures and humidity values they are most

comfortable in, especially those who live in extreme climatic zones. The following graph



displays a visualization of this relationship and the complexity of determining thermal

comfort when incorporating multiple factors and heating/cooling technologies.
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In Figure 3 above, the relationship between the dry and wet bulb temperatures
and relative humidity are visualized. Wet bulb temperature is the temperature of a
thermometer that is experiencing evaporative cooling at the rate that the environment
allows and therefore will have a lower temperature than the dry bulb temperature. If
relative humidity in an environment is 100%, then the dry and wet bulb temperatures will
be the same.

It is important here to stress the difference between relative humidity and
absolute humidity (the mass of water vapor in the air of a given volume). Relative

humidity is the percentage of water vapor in the air as compared to the total amount of



water vapor that the air has the capacity to hold. Relative humidity is the humidity that
we feel when we sit in a room. At warmer temperatures, air can hold more moisture,
and at colder temperatures, the air can hold less moisture. Because of this, you can
have the same mass of water in the air at two different temperatures, and at the warmer
temperature the relative humidity will be lower than at the colder temperature.

The psychrometric chart in Figure 3 shows different zones of comfort in relation
to temperatures and humidity. The most important zone is the comfort zone which is
outlined in light green. Within this zone, 70% of people are comfortable when wearing
light-clothing and remaining relatively sedentary within the space at hand. The comfort
zone is characterized by temperatures around 21 centigrade to 26 centigrade and
relative humidity between 20 and 70 percent. This is the ideal zone that many
bioclimatic architects design spaces for. The second notable zone is the permissible
comfort zone, which is displayed in Figure 3 as a darker green. This zone has slightly
larger bounds than the comfort zone and 80% of people are most comfortable in this
zone. As previously mentioned, comfort can be a very subjective topic, so it is important
to mention that ideal comfort for individuals may vary from this chart which was created
using a specific sample of people, and the comfort zone may vary in shape and size for
certain populations due to their lifestyle.

In the diagram above, you may notice that in addition to the comfort and
permissible comfort zones, that there are zones associated with various bioclimatic
strategies. Some of these methods such as passive solar heating, solar protection,
cooling high thermal mass, natural cooling and mechanical ventilation, reduced usage

of high energy consuming appliances such as heaters and- more relevant to hot Israeli



summers- air conditioners. Some of these strategies can assist communities in
achieving high-energy and low-cost solutions to create comfortable and healthy living
environments for their inhabitants.

In order to build sustainably using these principles, a thorough understanding of
the area and building at hand is imperative. Multiple climates contribute to the
thermodynamics of a home: the general climate of a region, the mesoclimate, and the
temperatures and wind patterns most immediately around the building (Gaitan, 2007).
After this is investigated and considered within the context of the specific buildings size,
shape, material, and transparency as well as external wind speeds, number of daylight
hours, and even seasons, various strategies will be recommended in order to lower

thermal comfort related power consumption.

3.3 Thermal Mass and Insulation

For this project, it is important to understand the composition of walls, floors, roofs
and other surfaces which may affect the heat and humidity properties within a building.
The properties of these different materials affect the total heat transfer through a
surface based on values of thermal conductivity, emissivity, and heat transfer
coefficient. These properties are at the center of thermal patterns within a home and are
detailed below. A thorough understanding of these equations and properties will help in
examining the outputs from the model and allow calibration of assumptions that are
made. Any specific calculations made will be located in the methodology section of this

paper.



1. Thermal Capacitance
Q = CthAT

with:
Q, energy put into the system[]]

C¢n, thermal capacitance [o]—c]

AT, change in temperature [°C]
Automatic assumptions will be made in manual calculations that the energy and
temperature behaviors are steady-state at given time points. The basic steady-state

equations to consider within this project are:

1. Conduction
o AT
= "7
with:
" w
q , heat flux [W]

w
k, thermal conductivity [— ‘K ]
cm

2. Convection

q =h(Ty— Ty)
with:

; w

q ,heat flux [W]

w
h, heat transfer coef ficient [W K]
3. Radiation
q = eoT*

with:

" w
q ,heat flux [W]



S L4
&, emissivity [WK]

w
o,Stefan boltzman constant = 5.67 X 10_8? -K*

These three types of heat transfer all impact systems simultaneously and make it
tedious and difficult to make quick calculations to determine optimal building design or
analysis. Because of this it is useful to use software to model these types of heat
transfer and show the output temperatures within an environment difference or

properties of materials.

3.4 DesignBuilder v5/v6 Software

One of the main features of this project is the DesignBuilder software. This is a
thermal analysis simulator that allows you to build models of houses and test its heat
gain, heat loss and thermal comfort throughout different times of the year at a specific

location.

Some valuable inputs into the system include:

= The building position or orientation with respect to the sun
= Heating and cooling system’s power, location and schedule
= Number of occupants and schedule of occupancy

= Local climate and historic weather data

= Annual to sub hourly solar angle of incidence



The system also allows for a plethora of outputs including:

= Heat loss, total and component-wise

= Heat gain, total and component-wise

* Internal temperature

= External temperature

= Comfort-level of air space within building

= All data analysis for each zone within the buildings

This software will prove useful to the methodology of this project and will be covered

more extensively in the final paper, after desired features have been identified.



4 Iris’ “Lightweight” House

4.1 Location and Geometry

At the time of the project, the sponsor was very interested in seeing the
differences between thermal behavior and comfort within houses with higher thermal
mass and houses with a lower thermal mass and more insulation. These houses with
more insulation were colloquially referred to as “lightweight” houses throughout the
project because they had significantly less thermal mass than others and followed more
American construction conventions than typical desert structure conventions. This style
of house was modeled because of its approachable geometry and floor plan as well as
the successful temperature data collection within the house (covered in section 6, On-

Site Data Collection) completed by the IQP students’ team that were at Neot Semadar.




The specific house that was chosen for the model belonged to a kibbutznik
woman named Iris. It was in the northeast section of Neot Semadar just passed their Art
Center. In this area was a group of houses all constructed very similarly-if not exactly
the same- to Iris’ house. They each had different surrounding foliage however they were

for the most part exposed equally to the sun and wind.

; !
. “Lighthouse”
Neighborhood

Figure 5: Aerial maps of Neot Semadar showing neighborhood and house placement

These houses consisted of four lightweight walls up until earlier this year when
the sponsor of this project completed a saferoom renovation of each of these houses.
These saferooms were made of thick concrete walls and ceilings and were designed to
provide protection to the community in the event of an emergency. The floorplan in
Figure 6 shows the original housing structure outlined in red and the thick concreted-
walled saferoom outlines in blue. These two segments were connected during the
renovation process. This floorplan was not an as-built drawing of the addition and

therefore varied slightly from the floorplan used with the model creation.
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Figure 6: Floorplan showing original structure and renovation, not as-built

Figure 3 shows that the orientation of the front entrance of the house was 45
degrees to the right of the northern axis of the directional compass, which was a design
choice by the builders. The house included one main living area including a kitchenette,
a bedroom, a full bath within the original house boundaries, and a half bath that was
included in the connection between the house and the saferoom. It also had two large
overhangs on the northwest and southeast sides of the house that provided shade for

those respective doors and windows as well as an outdoor seating area.

4.2 House Envelope

A house’s thermal envelope is a very important property within the architectural
world. Many construction codes and requirements are written in terms of their thermal
envelope properties. A thermal envelope, simply put, is the 3D outline of a room or

building which is bound by its ceiling floor and walls. Two main values that can



characterize the components of a thermal envelope are: 1) U Value [W/(m?K)]: heat
transfer coefficient and 2) R Value [hft? F/Btu]: inverse thermal resistance.

In Iris’ house specifically the walls were insulated with 5 centimeters of glass
wool and had a piece of drywall as the inner layer and a water-resistant drywall as the
outer layer. The exact types and thicknesses of the drywalls were unknown, as well as
the specific type of glass wool insulation.

The house was built on stakes creating a 20-centimeter air gap between the
ground and the bottom of the house which was 6 centimeters of concrete that was
layered with tiles on the top as its innermost layer.

The ceiling of the house was insulated with 10 centimeters of glass wool, with
dry-wall as the innermost layer and a layer of aluminum foil on top of the glass wool.
The roof covering the original building area was unoccupied and not livable. It had vents
that allowed airflow through the roof structure to encourage cooling in the summer. U
and R-values for the material build ups can be found in section 5.

Understanding thermal envelopes is important in order to meet the US
Department of Energy IECC code — building envelope code compliance (U, n.d). This
code requires specific U and R values for various components of a house and thermal
envelope, and Israel desert houses must meet these requirements.

The the calculation on building envelope performance within the IECC code,
describe specifically how to asses a building envelope in a real-world situation. These
codes are valuable to the sponsor for future project and provide helpful background for

this project.



5 DesignBuilder Model Creation

5.1 Baseline Model Inputs

This section goes through the step-by-step process through which the baseline
model house was created. These steps were recommended by the DesignBuilder
operation guide [insert citation reference] and enabled the correct use of the software’s

hierarchy structure and simulation features.

Step 1: Creation of a new site

New project
Location

Title Iris Baseline Model

Analysis type 1-EnergyFlus =
Location ¥

*;Location Neot Semadar (Built from OVDA)
LEED/ASHRAE 90.1 Model ¥

[J ASHRAE 90.1 App G PRM

Figure 7: New project/site dialog box screenshot

In order to create a new site, a title, analysis type and location were needed. The
site was named “Iris Baseline Model” and EnergyPlus was selected as the analysis
type. As explained in the Background, Section 3, DesignBuilder is an interface that was
created to allow easier and more approachable EnergyPlus analysis although the

software can be used for other things as well.



The choice of location involved some consideration. Seasonal temperature
averages and extremes used within heating and cooling system design within the
software were determined based on the location chosen at this stage of the process.
Simulations also pull hourly and sub-hourly weather data from the weather database
associated with this location. There are a defined number of locations with weather data
available in DesignBuilder with the three that are geographically closest to Neot
Semadar being Ovda, Eilat, and Be’er Sheva. Eilat was determined to be too dissimilar
to Neot Semadar due to its location on the Red Sea. When comparing historical
weather data for Ovda and Be’er Sheva with Neot Semadar’s, Ovda was the most
similar. The Ovda weather station was located at the Ovda airport which was

approximately 17 kilometers away from Neot Semadar.

Location templates
Location | Winter design weather | Summer design weather | Simulation weather

Gere;sl ¥
Name Neot Semadar (Built from OVDA)
E}-CDunﬂy ISRAEL -
Saurce ASHRAEMSI
WMO 401980
ASHRAE climate zone 16
Koppen classification Bvh
Latitude () 3003
Longitude () 35.03
Elevation (m) 405.0
Standard pressure (kPa) 96.2
""QTime zone (GMT+02:00) Israel
Start of Winter Oct =
End of Winter Mar =
Start of summer Apr T
End of summer Sep -
%Legislaﬂve region ISRAEL

Figure 8: Neot Semadar location information, shows defaults and changes



Keeping this in mind, a new custom location was created for the model to
represent Neot Semadar. This was built off an editable version of the Ovda site
information. This location used Ovda hourly data for simulations and had the same
seasonal extremes and averages as the Ovda site, however attributes such as the site
Kdppen-Geiger classification, location, elevation, and standard pressure were adjusted
to give more accurate Neot Semadar air characteristics and sun positions/angles within
simulations. Figure 5 shows default data in black and customized data for the site in

red.

Step 2: Creation of new building and component blocks

Before the new building was created, a 2-D drawing of the floorplan was stripped
down to included only the necessary construction lines and imported into the base plane
of the model. This was rotated to have the proper site orientation which is not displayed

in the figure below but is apparent in later model screenshots.

[ 1ris Baseline Model

\ocaion | Regen |

Edt [Vinatee | Heatng deson | Cooirg desin | Smutation [ €7D | Davighting | Coat and Carton

Figure 9: 2D-drawing of house floorplan imported into design builder; site orientation not adjusted yet



In order to possess the correct building geometry, the house was effectively split
into two component blocks: the original house, and the saferoom. Creating these
separately allowed the two different internal and external wall constructions of the

sections to be assigned to each component separately.

Bedroom

Living Space

Figure 10: Component Block 1 "Original House" separated into zones

The walls drawn for blocks in DesignBuilder are external walls, so the component
block boundaries snapped to meet the outermost construction lines of the 2D drawing.
This block was then split into zones by drawing partitions within the block. These zones
were named after their respective purposes and were given an occupancy schedule of
none. This means that the software will not factor in the metabolic heat given off by

human activity within the space.



Figure 11: Component Block 2: "Saferoom Extension" with one zone

The second component block was created in the same fashion. The only
difference between the two blocks was that the saferoom consisted of one zone and
therefore did not require partition creation. This space was also assigned an occupancy
of none.

The house under consideration also has a pitched roof covering the original
structure, and flat roof on the saferoom extension. It is possible to create a component
block with the correct geometry for the roof however due to time constraints and
DesignBuilder considering the roof to be a second story (with the roof surface being a
ceiling and the building ceiling being a floor), the roof component was removed from the

simulation.



For visualization purposes, this is what the house looked like with its sloped roof:

(§ Vet~

Figure 12: Visualization with roof, prior to roof component being deleted

Step 3: Set model data

As previously explained, DesignBuilder has a top-down hierarchical structure
when it comes to data. All characteristics assigned at the building-level are
automatically assigned to the component blocks. Because of this, the next step was to
assign properties to the Original Building and the Saferoom Extensions at the block
level.

For the Original Building construction, three custom materials were created that
were used to define the walls, ceiling, and floor of the building. The build-ups were as

follows:



Cross Section

Outer surface

15:80mm  0.625 in. gypsum board

Inner surface

Figure 14: Iris’ Original House Wall Build-Up,
table to the right for readability

Outer suface
U.50mm  Aluriniuminot to scale]

Inner surface

Figure 15: Iris' Original House Ceiling Build-Up,
table to the right for readability

Inner suiface

200.00mm Air gap 200mm

Outer surface

Figure 16: Iris' Original House Floor Build-Up,
table to the right for readability

Thickness .
Material
(mm)
15.80 2010 NCM Plasterboard
) (wallboard)
50.00 Glass fibre/wool - fibre quilt
15.80 0.625 in gypsum board
Thickness .
Material
(mm)
0.50 Aluminum (not to scale)
100.00 Glass fibre/wool - fibre quilt
15.80 0.625 in gypsum board
Thickness .
Material
(mm)
0.0032 Ceramic, glazed
60.00 Cast Concrete
200.00 Air gap 200mm




The basic properties for these materials are as follows, displayed in charts

generated by DesignBuilder:

iLayets ISurfaceproperhes |Irnage |Ca|culated |Cost |Condensationana|ysis _

Inner surface
Convective heat transfer coefficient (¥w/m2-K) 2.152
Radiative heat transter coefficient (W/m2-K) 5.540
Surface resistance (m2-Ki) 0130
Convective heat transfer coefficient (W/m2-K) 19.870
Radiative heat transfer coefficient (\W/m2-K) 5.130
Surface resistance (m2-KAV) 0.040
U-value surface to surface (W/m2-K) 0.702
RP-value (m2-KA) 1.594
U-Value (W/m2-K) 0.627

With Bridging (BS EN IS0 8946)
Thickness (m) 0.0816
Km - Internal heat capacity (KJ/m2-K) 11.8808
Upper resistance limit {m2-KAV) 1.594
Lower resistance limit (m2-Kiv) 1.594
U-value surface to surface (W/m2-K) 0.702
R-Value (m2-KAA) 1.594
U-Value (W/m2-K) 0.627

Figure 17: Original House Wall Properties



Inner surface

Convective heat transfer coefficient (W/m2-K)
Radiative heat transfer coefficient (W/m2-K)

Surface resistance (m2-KA)
Outer surface

2152
5540
0130

Convective heat transfer coefficient (W/m2-K)
Radiative heat transfer coefficient (W/m2-K)

Surface resistance (m2-KA)

23.290
1.710
0.040

Mo Bridging
U-Value surface to surface (W/m2-K)
R-Value (m2-KAw)
U-Value (W/m2-K)

“With Bridging (BS EN IS0 6346)

0.385
2.769
0.361

Thickness (m)

Km - Internal heat capacity (KJ/m2-K)
Upper resistance limit (m2-KA)
Lower resistance limit (m2-KAd)
U-Value surface to surface (W/m2-K)
R-Value (m2-KAd)

U-Value (W/m2-K)

Figure 18: Original House Ceiling Properties

0.1163
12.4775
2.769
2.769
0.385
2.769
0.361



Layers || Surface p i Image | Calculated | Cost | Condensation analysis

Inner surface

Convective heattransfer coefficient (4/m2-K) 0.342
Radiative heat transfer coefficient (W/m2-K) 5.540
Surface resistance (m2-KAd) 0170
Convective heat transfer coefficient (W/m2-K) 19.870
Radiative heat transfer coefficient {W/m2-K) 5130
Surface resistance (m2-KAw) 0.040
Mo Bridging
U-Yalue surface to surface (W/m2-K) 3631
RP-Value (m2-KAw) 0.485
U-Value (W/m2-K) 2.060
With Bridging (BS EN ISO 6346)
Thickness (m) 0.2632
Km - Internal heat capacity (KJ/m2-K) 126.7200
Upper resistance limit (m2-KAd) 0.485
Lower resistance limit (m2-KAA) 0.485
U-value surface to surface (W/m2-K) 3631
RB-Value (m2-KAw) 0.485
U-Value (W/m2-K) 2.060

Figure 19: Original House Floor Properties

So altogether, the construction model data for the original house was as follows:

Iris Baseline Medel, Building 1, Original House

Activity | Construction | Openings | Lighting | HVAC | Outputs | CFD

Project construction template

<pExternal walls Iris Original House Wall

“pBelow grade walls Project below grade wall
=pFlat roof Iris Original House Ceiling
=yPitched roof (occupied) Iris Original House Ceiling
=yPitched roof (unoccupied) Iris Original House Ceiling
<yInternal partitions Iris Original House Internal Wall
Semi-E d
“pSemi-exposed walls Project semi-exposed wall
“pSemi-exposed calling Project semi-exposed ceiling
“pSemi-exposed floor Project semi-exposed floor
Floors
=pGround floor Iris Original House Ground Floor
=pExtemnal floor Project external floor
“plnternal floor Project internal floor

Figure 20: Construction model data for Original House block



The next step was to create the wall, ceiling, and floor build-ups for the saferoom
extension and to input this model data at the block level for the saferoom extension. The

build ups and the overall saferoom extension construction data were as follows:

Inner surface

S0:00mmEPS Expanded Polystyrene (Standard)

Thickness .
Material
(mm)
EPS Expanded Pol rene
50.00 P y dm"'
300.00mnast Concrete {Stan ar }
300.00 Cast Concrete
Quter surface
Figure 21: Iris' Saferoom Extension Wall Build-Up,
table to the right for readability
Inner surface
70.00mm Cast Concrete {Lightweight)
50.00mmEPS Expanded Polystyene (Standard)
Thickness .
Material
(mm)
70.00 Cast Concrete (Lightweight)
EPS Expanded Polystyrene

300.00mnast Concrete 50.00 {Standard]

300.00 Cast Concrete

Outer surface

Figure 22: Iris' Saferoom Extension Ceiling Build-
Up, table to the right for readability



Cross Section

Inner surface

Thickness
250.00mnCast Concrete [m m:l

Material

250.00

Cast Concrete

Outer surface

Figure 23: Iris' Saferoom Extension Floor Build-
Up, table to the right for readability

The basic properties for these materials of the saferoom are as follows, displayed

in charts generated by DesignBuilder:

Inner surface

Convective heat transfer coefficient (W/m2-K)
Radiative heat transfer coefficient (\W/m2-K)
Surface resistance (m2-Kiw)

Quter surface

0.342
5540
0170

Convective heat transfer coefficient (W/im2-K)
Radiative heat transfer coefficient (W/m2-K)
Surface resistance (m2-Kiw)

No Bridging

19.870
5130
0.040

U-alue surface to surface (Wim2-K)
R-value (m2-KMi)
U-Value (W/m2-K)

With Bridging (BS EN IS0 6946)

0.660
1.725
0.580

Thickness (m)

Km - Internal heat capacity (KJ/m2-K)
Upper resistance limit (m2-Kiw)
Lower resistance limit {m2-Kiw)
U-value surface to surface (W/m2-K)
R-Value (m2-Kiw)

U-Value (W/m2-K)

Figure 24: Saferoom Wall Properties

0.3500
0.0000
1.725
1.725
0.660
1.725
0.580




Layers || Surface properties || Image | Calculated | Cost | Condensation analysis

Inner surface

Convective heat transfer coefficient (W/m2-K) 0342
Radiative heat transfer coefficient (Wim2-K) 5540
Surface resistance (m2-Kiw) 0170
Convective heat transfer coefficient (W/m2-K) 19.870
Radiative heat transfer coefficient (Wim2-K) 5130
Surface resistance (m2-Kiw) 0.040
U-Value surface to surface (W/m2-K) 0588
R-Value (m2-Kiw) 1.910
U-Value (W/m2-K) 0524
‘With Bridging (BS EN 130 6946)

Thickness (m) 0.4200
Km - Internal heat capacity {KJ/m2-K) 846300
Upper resistance limit (m2-Kfw) 1.910
Lower resistance limit {(m2-Kiw) 1.910
U-Value surface to surface (W/m2-K) 0588
R-Value (m2-Kiw) 1.910
U-Value (W/m2-K) 0524

Figure 25: Saferoom Ceiling Properties

Inner surface

Convective heat transfer coefficient (W/m2-K) 0.342
Radiative heat transfer coefficient (¥W/jm2-K) 5540
Surface resistance (m2-Ki) 0.170
Convective heat transfer coefficient (W/m2-K) 19.870
Radiative heat transfer coefficient {¥W/m2-K) 5.130
Surface resistance {m2-Kiw) 0.040
U-value surface to surface (W/m2-K) 4520
R-value (m2-Kiw) 0.431
U-Value (W/m2-K}) 2319
With Bridging (BS EN [SCO 6946

Thickness (m) 02600
Km - Internal heat capacity (KJ/m2-K) 200.0000
Upper resistance limit {m2-Kfw) 0.431
Lower resistance limit {m2-Kfiw) 0.431
U-Value surface to surface (Wim2-K) 4520
R-value (m2-Kiw) 0431
U-Value (W/m2-K) 2319

Figure 26: Saferoom Floor Properties



Finally, the construction model data was complete, as shown in Figure 26.

Iris Baseline Model, Building 1, Saferoom Extension

Construction | Openings | Lighting | HVAC | Quiputs

[ Construction Template
Gp Template Project canstruction template

=, Construction
<pExternal walls Iris Saferoom Walls
“pBelow grade walls Project below grade wall
«=pFlat roof Iris Saferoom Ceiling
=pPitched roof {occupied) Iris Saferoom Ceiling
=pPitched roof (unoccupied) Iris Saferoom Ceiling

Iris Saferoom Walls

vposed walls Project semirexposed wall
“pSerm-exposed cailing Project semi-exposed ceiling
“pSemiexposed floor Project semi-exposed floor
<pGround floor Iris Saferoom Floor
=y External floor Project external floor
=pInternal floor Project internal floor

Figure 27: Construction model data for Saferoom Extension

In addition to adjusting the occupancy, and construction model data, the HVAC
model data was examined at this point. When creating the building, the HVAC model
data was set to <None>, and it was kept this way for each block, with the option to

change it in the future. This was the completing stage of the baseline model.



5.2 Baseline Model Iterations and Results

m Thicker Ceiling Insulation

)’} Thicker Wall Insulation

Heating System Timer I
Shading + Glazing I

Figure 28: Baseline Model Iterations

Figure 21, above, shows the list of single change iterations that were completed
within the model. These changes were made in order to observe how these changes

would affect the thermal behavior of the space within Iris’ house throughout the day.

Calculation Description

Baseline Winter Simulation
Simulation Period

O Run simulation for sizing periods

<«

Run simulation for hourly weather

From
Start day 30 -
Start month Jan b
To ¥
End day 3 s
End month Feb =

Qutput Intervals for Reporting
Monthly and annual
Daily
Hourly
[ Sub-hourly

Figure 29: Baseline Winter Simulation General Criteria

The settings for the simulation, as shown above in Figure 22, were the same for

each iteration since the only changes were individual properties of the house. The



simulation took place over the five days of January 30th, 313!, February 1%, 2"9, and 3"
since these were the same dates over which the most reliable sensor data was
collected. All output intervals were selected in order to allow for the most options for

data visualization and trend observation.

Calculation Options

General || Options | Output

Calculation Options v
Time steps per hour 2 i

| Simulation Manager

Temperature control 1-Alr temperature =
Include all buildings in shading calcs
[ Model reflections and shading of ground reflected solar

Solar distribution 2-Full exterior -

Shadow calculation method
Shadowing interval (days)
Sky diffuse modelling algorithm

1-Average over days infr ~
20
1-Simple sky diffuse mod ~

Figure 30:Baseline Winter Simulation Additional Criteria

The simulation ran at 2 steps per hour, meaning that for results displayed in sub-
hourly format there were two data points saved per hour. As shown in Figure 23, above,
all buildings were included in shading calculations, and all other settings were left to
their default settings.

In Figure 24, below, you can see that the following output data was selected for
the simulation: building and block output of zone data, unoccupied zones in block and
building totals and averages (which for this project is all zones), and the custom outputs
of surface heat transfer, internal gains including solar, latent loads, surface output, and
opening/sub-surface output. Not all of these were plotted post-simulation but were

included in order to have saved simulations with many options for data visualization.



Calculation Options
| General | Options || Output i

Qutput Data
Building and block output of zone data
Include unoccupied zones in block and building totals and avera...
Allow custom outputs
Graphable Outputs
Energy
Surface heat transfer
Internal gains including solar
[ Energy. HVAC etc
Latent loads
Store surface output
[ Store opening/sub-surface output

Time Setpoints not Met Tolerances

|

‘|

Figure 31: Winter Baseline Simulation Output Criteria

An example chart generated from a simulation can be seen below in Figure 25.
The x-axis is time, with each tick mark being one full day with the chart starting at
midnight on January 30" and ending at midnight on January 4™. The top row of the
graph shows four temperatures throughout the day: air temperature in blue, radiant
temperature, operative temperature, and outside dry-bulb temperature. You can see
that on this typical winter week, it reaches around 10 centigrade at night, while a non-
heated and moderately insulated house doesn’t go below 13 or 14 centigrade. During
the day, the outside dry-bulb temperature and the air temperature within the house peak
at around 24 centigrade (about 72 Fahrenheit for comparison). In the second column,
you can see the heat balance of the house (in kW). It shows all of the solar gains and
losses within the environment, including glazing, walls, ground floors, partitions, exterior
infiltration, solar gains exterior windows. The easiest features to see are the solar

exterior window gains—the two-peaked yellow curve showing how the sun hitting



certain windows at certain times of the day affects gains—and the loss to the ground
floor in brown—a pretty typical and well-known phenomenon. In many houses, the floor
is the coldest surface, and this contains evidence as to why, with heat being absorbed

through the floor and into the ground.

Temperatures, Heat Gains and Energy Consumption - Iris Baseline Model, Building 1
EnergyPlus Output 30 Jan - 3 Feb, Sub-hourly Evaluation

)
=

Temperature (°C

Heat Balance (kW)
o

0720
0715
0710
0.705
0.700
0.695

Total fresh air (ac/h)

I 1
31 Thu Feb 2 Sat 3 Sun 4 Mol
Jan 2002 Time

Figure 32: Five-day Graph for Non-changed Winter Simulation, Showing Temp, Heat Gains, and Energy Consumption

The third row of this chart shows the total fresh air in the house throughout the
day. You can see how although data varies slightly day-to-day, the general relationship
between inside and outside temperature remains constant throughout the week. Figure
26 below shows this same data but for one day, February 3. One can see the sub-
hourly curves for gains, losses and temperatures. For this specific day you can see that

the inside temperature increases slowly as the outside dry-bulb temperature increases



more rapidly, with a similar peak temperature that remains to rise for an hour or two

after the outside air begins to cool.

Temperatures, Heat Gains and Energy Consumption - Iris Baseline Model, Building 1
EnergyPlus Qutput 30 Jan - 3 Feb, Sub-hourly Evaluation

|
|

Temperature (°C)
*

Heat Balance (kW)
o

0.720
0.715

0.710
0.705
0.700

0.695

Total fresh air (ac/h)

2am Sam Bam 11am 2pm Spm 8pm 11pm 4 Mon
Feb 3 Sun 2002 Time

Figure 33: One-day for Non-changed Winter Simulation, Showing Temp, Heat Gains, and Energy Consumption

Figure 27 shows an alternative graph generated from the same simulation. This
chart has the same top row as the previous chart; however, its bottom row displays
relative humidity as a percent. The humidity and air temperature values can be plotted
together to show where they lie on the bioclimatic psychrometric. Using a night time
data point right before sunrise on February 1st (10.5 centigrade, 33% relative humidity)
on the psychrometric chart shows that it is far outside the comfort zone and lies to the
left of it in the passive solar heating zone—meaning that it would require passive solar

heating to return the environment to the comfort zone.



Comfort - Iris Baseline Model, Building 1
EnergyPlus Qutput 30 Jan - 3 Feb, Sub-hourly Evaluation

Temperature (*C)

Percent (%)

31 Thu Feb 2 Sat 3 Sun 4 Mot
Jan 2002 Time

Figure 34: Five-day Graph for Non-changed Winter Simulation, Showing Comfort Properties

Using a day time data point at midday on February 15t (22 centigrade, 20%
relative humidity) on the psychrometric chart will land the environment just in the
comfort zone. Of course, there is variation day to day, but we can argue that according
to this simulation, a typical house is inside the comfort zone during an average winter
day and outside of the comfort zone at night.

Figures 28 and 29 display comfort data for just the original house structure and
for just the saferoom extension structure, respectively. As covered previously, the
saferoom extension is much higher in thermal mass than the original house due to its
30cm thick concrete walls and ceiling. This makes the following figure’s interesting as
they highlight the difference in thermal behavior between spaces with higher and lower

thermal mass values.



Comfort - Original House
EnergyPlus Output 30 Jan - 3 Feb, Sub-hourly Evaluation

s Air Temperature esssss Radiant Temperature essssss Operative Temperature sssssms Outside Dry-Bulb Temperature

Temperature (*C)

— Relative Humidity

45
40 -
€ a5 |
E
g 30
25 -
20 Thu, 31 Jan 2002 Fni, 1 Feb 2002 Sat. 2 Feb 2002 Sun, 3 Feb 2002
31 Thu Feb 2 sat 3 Sun 4 Mor
Jan 2002 Time
Figure 35: Graph for Non-changed Winter Simulation, Showing Comfort Properties of Original House Structure
Comfort - Saferoom Extension
EnergyPlus Qutput 30 Jan - 3 Feb, Sub-hourly Evaluation

wm— Air Temperature wmmsmm Radiant Temperature wmssmm Operative Temperature wmmmmm Outside Dry-Bulb Temperature

Temperature (°C)

m Relative Humidity

Thu, 31 Jan 2002 Fri, 1 Feb 2002 Sat. 2 Feb 2002 Sun. 3 Feb 2002

31 Thu Feb 2 sat 3 Sun 4 Mot
Jan 2002 Time

Figure 36:Graph for Non-changed Winter Simulation, Showing Comfort Properties of Saferoom Extension Structure

We can see that the shape of the curves for inside temperatures are very
different for the saferoom than the original house as it heats up. The saferoom reaches

a higher peak temperature but there is a time delay between that value and the peak



outside air temperature. This is due to the time it takes the high thermal mass material
to absorb the heat and release it internally into the room. In the original house, a lower
peak temperature is achieved but it occurs at a relatively similar time to the peak
temperature outside. The peak temperature in the saferoom during the day is not within
the comfort zone (plotting 24 centigrade and 19% humidity as an example data point)
and falls on the line between the heating internal gains zone and the humidification
zone.

One can also observe that the inside of the safe room does not cool to the same
temperatures as the original house structure at night, since heat is still being radiating
into the structure even after the sun has set. The initial cooling is at a faster rate due to
the high difference in inside and outside temperatures, signified by the steep downward
curve of the inside temperature in Figure 29, but then slows over time. The saferoom
does not stay within the comfort zone at night with a sample temperature of 17
centigrade and a relative humidity of 30% at its coolest point and lies in the passive
solar heating zone.

It is helpful to keep these thermal behaviors in mind as this paper examines the

same graphs for different single-change iterations of the same house and system.



Iteration 1: Thicker Ceiling Insulation

The first change was to increase the thickness of insulation in the ceiling of the
original house structure. Initially the insulation was 100 mm of glass wool and was
doubled to 200 mm to run the simulation. The change in behavioral properties was so
miniscule that another simulation was run with x10 glass wool insulation, 2000 mm or 1
meter, in order to better display the change in thermal properties.

Figure 30 below, is the same as Figure 28, and shows the general thermal
behavior of for five days within the original house structure, and Figure 31 shows the

same information but with an increased ceiling thickness of x10.

Comfort - Original House
EnergyPlus Quiput 30 Jan - 3 Feb, Sub-hourly Evaluation

Temperature (°C)

Percent (%)

T T T
31 Thu Feb 2 sat 3 Sun 4 Mot
Jan 2002 Time

Figure 37: Graph for Non-Changed Simulation for Comparison to Ceiling Insulation Thickness



Temperature and Heat Gains - Original House
EnergyPlus Output 30 Jan - 3 Feb, Sub-hourly Evaluation

smmmm Air Temperature ssssss Radiant Temperature essssss Operative Temperature sssssm Outside Dry-Bulb Temperature

Temperature (°C)

s Glazing wessss \Walls ssssss Ground Floors wemsss Pariitions (inf) messss Roofs s Extemal Infiltration 1 Solar Gains Exterior Windows

Heat Balance (kW)
Hhbhonw e oo

mmmmm  Mech Vent + Nat Vent + Infiltration

0.720
0.715
0.710
0.705
0.700

0.695 Thu, 31 Jan 2002 Fri, 1 Feb 2002 Sat, 2 Feb 2002 Sun, 3 Feb 2002

Total fresh air (ac/h)

31 Thu Feb 2 sat 3 5un 4 Mot
Jan 2002 Time

Figure 38: Graph for Original House Simulation x10 Ceiling Insulation Thickness

You can see that in the graph with the thicker ceiling insulation that the inside air
temperature peak is slightly lower, easily shown by the outside dry-bulb peak

temperature on January 30" being higher than the inside temperature.



lteration 2: Thicker Wall Insulation

The second iteration was to change the thickness of insulation in the wall. The
original thickness was 50 mm of glass wool and was increased to 100 mm in the
simulation. Similarly, to the ceiling insulation iteration, the change in thermal behavior
was not drastic enough to be visible in the data visual. In order to display the effects
more clearly, the insulation was increased to 500mm or 0.5 m, a factor of 10. The

difference in thermal behavior can be seen by examining Figures 32 and 33

Comfort - Original House
EnergyPlus Quiput 30 Jan - 3 Feb, Sub-hourly Evaluation
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Figure 39:Graph for Non-Changed Simulation for Comparison to Wall Insulation Thickness

A similar phenomenon can be observed for the increased wall insulation
thickness, where the inside air temperature does not reach the same peak, and also

remains slightly warmer at night, by about one or two degrees. This shows that the heat



absorbed during the day is radiated into the space during the day. This amount of
increased insulation has a regulating effect where the peak temperature is not as high

and the lowest temperature is not quite as low.

Temperature and Heat Gains - Original House
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Figure 40: Graph for Original House Simulation x10 Wall Insulation Thickness
Temperature and Heat Gains - Original House
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Figure 41: Graph for Original House Simulation Ceiling x10 and Wall x10 Thickness



Before moving on to other single changes, the two iterations of thicker wall
insulation and thicker ceiling insulation were combined. The thermal behavior can be
seen above in Figure 34. The result is an even more moderate temperature difference
between night and day inside of the structure. One can see that the peak temperature is
decreased by a few degrees across all five days, and the coolest temperature is around

17 or 18 centigrade depending on the type of temperature you are looking at.

Iteration 3: Heating System Timer

Season Time [Hours) Cost per KWH in agurot (shekel/100)
Fri, Day before Shabbat and
Sun - Thurs Holiday Holiday
Summer 07 to 10 40.4
[July-Aug) 10 to 17
17 to 21 40.4
21to 07

‘Winter 06 to OB
(Dec-Feb) 08 to 16
16 to 17
17 to 19
19 to 20
20to 21
21to 22
22 to 06

Spring/Fall 06 to 17
(Mar-July, Sept-Now) 17 to 20
20t021

21to 22

22 to 06

Figure 42: Neot Semadar Electricity Costs by season, week day, hour, in agurot. 17% VAT not included

The third iteration included creating a simulation that incorporated a heating

system that only went on at specific times. The times would be times where 1) electricity



costs are lower and 2) when the natural temperature during the winter would leave the
comfort zone. The table in Figure 35, above, displays electricity costs in agurot per kWh
(kilowatt-hours) for different seasons, days, and hours of the year.

This graph was created based off of two graphs, found in Appendices A and B,
provided by the sponsor that were translated from Hebrew by Austin Shalit, a Hebrew-
speaking IQP WPI student on-site. For the purposes of this iteration, the cost efficiency
goal focused on the Sunday through Thursday electricity schedule, excluding Shabbat,
and holidays, and during the winter season (December — February). This provides us

with the following electricity costs schedule:

06 to 08 = 49.86 agurot per kWh
08 to 16 = 29.67 agurot per kWh
16 to 22 = 83.73 agurot per kWh

22 to 06 = 29.67 agurot per kWh

We can see from this schedule that it would be most cost efficient to run a heater
between the hours of 22 to 06 (LOPM- 6AM) and 08 to 16 (8AM — 4PM), and
approximately double that cost for 06 to 08 (6AM to 8AM). The simulation was designed
to run a heater on a schedule from 22 to 06 (10 PM — 6AM) and see if that would help

keep the house in the comfort zone at night.



Unfortunately do to time constraints and technical difficulties, this iteration was
inconclusive and did not yield a successful simulation. However, one can imagine that
the effect of heating at night would lead to an overall increase temperature at those
times, perhaps avoiding the passive solar heating zone altogether and keeping the
house in or closer to the comfort zone day and night, while using the most cost-efficient

electricity.

Iteration 4: Adjust Shading/Glazing

The fourth and final iteration was to adjust shading and glazing characteristics of
the model to see how thermal behaviors changed throughout the simulation. This was
done by adjusting the editing the openings tab for the original house construction. The
default amount of shading for all other simulations was 30% for the original house. The

two additional shading values that were tested were as follows:

1) 10 % - lower than default

2) 60% - higher than default

Figure 36 below, shows the panel that was edited in order to complete these
iterations. The layout field was changed to the relevant percentages with the preferred

height of the glazing remaining at 1.5m.
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EnergyPlus Output

Temperature ("C)

Percent (%)

® Glazing Template

<«

Gp Template Project glazing template
w External Windows ¥
(7)Glazing type Project external glazing
@iLayout Preferred height 1.5m, 30% glazed
Dimensions ¥
Type 3-Preferred height -
Window to wall % 30.00
Window height (m) 150
Window spacing (m) 5.00
Sill height (m) 0.80
Outside reveal depth (m) 0.000
Frame and Dividers
Shading
Window shading
HType Blind with high reflectivity slats
Position 1-nside -
Control type 15-Night heating + day cooling 2

Figure 43: Shading Properties for Original House Structure
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Figure 44: Winter Simulation with 10% glazing, comfort data
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Figures 37 and 38 above, show the thermal behavior of the original housing
structure with the variable glazing values. With less glazing, the peak temperature
during the day is around 20-21 centigrade and remains lower than the outside dry-bulb
temperature signifying that there is a high heat gain from glazing throughout the house.
This is of course also evident in the non-changed simulation that displays the heat
losses and gains. Figure 38 shows how drastic the effect from glazing can be in a home
without natural ventilation, similarly to a car with the windows and doors shut on a sunny
day.

Figure 39 shows the simulation data when glazing was returned to the default
value of 30% and shading added to the environment. As seen in Figure 36, the shading

was due to high reflectivity blinds on the inside of the external windows.

Comfort - Original House
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Figure 46: Winter Simulation with Shading

We can see that there is actually not much of a change to this data from the non-

changed original house. Perhaps this is because the blinds are inside. The reason for



not repeating the simulation with external blinds is that covering the windows from the

outside would effectively be reducing the glazing percentage.



6 On-Site Data Collection

In order to gain a thorough understanding of how current energy usage and
temperature patterns manifest themselves in the kibbutz buildings during the time of the
visit, data collection is imperative. The data that was collected by the IQP team
mentioned in the introduction consisted of temperate values (dry bulb and wet bulb) at
various heights inside of the houses, as well as inside the roof structure, and the outside
temperature t using a device created by the IQP team over the course of a month

While on-site at Neot Semadar, the team constructed and tested the multi-sensor
device that was placed in various types of houses throughout Neot Semadar. The
purpose of creating these devices was to explore current conditions at Neot Semadar in
an effort to compare performance of high thermal mass houses to houses with lighter
construction and higher insulation. Leaving these devices with the sponsor also will
allow them to continue temperature measurements in the summer-the more energy
intensive season in terms of heating/cooling systems.

The data collected by these devices was useful for this project since they
measured Iris’ house as well as a house with higher thermal mass, amongst many
others. It was interesting to see how heat was retained and lost within these houses
during the time that data was collected. This enabled a comparative study between the
theoretical and actual data. The device placed in Iris’ house was fitted with the standard
sensors and they each were placed at controlled heights.

Figure 40 below, shows the data that was collected inside of Iris’ house and

Figure 41 shows the data that was collected within a high thermal mass house



belonging to a woman named Israella. They can be found in appendices C and D for
more visual clarity. The local weather data for outside dry-bulb temperature can be

found in appendix E.
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Figure 47: Real Data from Light-weight house, Iris', January 30th through February 3rd

In the five-day data set for Iris’s house there are eight temperatures plotted in
centigrade. The sensors are represented by Ceiling, 20cm from Ceiling, Wet Bulb, Dry
bulb 1, Dry bulb 2, and Wall. The outside temperature is represented by dht_t. You can
see that similarly to the simulation the peak temperature inside is higher than the

outside peak temperature. The temperatures higher up in height in the house are



warmer, and the walls and floor were the coolest indoor temperatures. This shows the
real-life phenomenon of the tiled ground of Iris’ house acting as a heat sink. The wall
temperature also shows that the heat within the house is not due to a radiation of heat
off of the walls but due to the temperature of the air when the heater is on.

Figure 41 shows the data from Israella’s house which was one of the first houses
built by Neot Semadarian. It is high in thermal mass and is a key example of the type of
design that the kibbutz previously strove for. One can see the same sensors listed to

the right of the graph, with dht_t being the outside temperature.
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Figure 48:Real Data from High Thermal Mass house, Israella’s, January 30th through February 3rd

In Israella’s house, for the same five days of January 30" through February 3,
one can see the difference in curve behavior for a high thermal mass structure. At first

glance it might seem like when the outside temperature increases, there is a steep



increase in indoor temperatures and it is sustained at its peak, with a relatively high
value, well beyond the peak outdoor temperature. While this is a valid property of a high
thermal mass house, the sustained high temperatures are from a heater in the house
that is oscillating on and off. One can notice however, that the house is very slow to cool
down. This can be a major problem in the summer months, even if natural ventilation is
an option. Unsurprisingly, the floor remains much cooler than the rest of the sensors
inside.

This real data was helpful in understanding and explaining how much human
behavior influences a home in terms of its energy use and daily temperatures within a

structure.



8 Future Work and Challenges

In examining potential solutions to increase the comfort in housing year-round there
was a significant anticipated challenge worth noting; the timing of the on-site project.
The most challenging time of the year for Neot Semadar to remain both energy efficient
and comfortable is during the summer months (April to October) which is characterized
by hot and dry weather. This project took place from January to early March, which is
considered their winter and is characterized by mild temperature and occasional rain
showers.

There is high value to having real data during the summer and being able to work on
solutions to Neot Semadar’s unbearable heat In order to bridge the gap between winter
temperature data and the realities of the harsh hot summer, DesignBuilder software can
be used by future students to model summer weather data for the given geometry of the
houses at Neot Semadar, and the sensors that were left with the kibbutz can be
employed. Models for each significantly different house could incorporate solar data for
the specific coordinates and time of the year under examination. This could be studied
alongside the project sponsor and shed light on potential areas from which further

recommendations can be made.



9 Conclusion

This project provided theoretical and actual context for thermal behavior within a
residential environment through a practical application to a specific house at Neot
Semadar. Modeling this house along with collecting real temperature data sub-hourly for
multiple days allowed this project to bridge the gap between theoretical and actual
properties. It took into consideration bioclimatic architectural principles and best
practices of mechanical engineering heat transfer analysis as well as open-mindedness
and adaptation. Through a variety of methods this project drew helpful comparisons
between high thermal mass houses and more light-weight and insulated houses,
hopefully aiding the sponsor in their quest to find the perfect balance of housing

envelope characteristics between the two styles.
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Appendices

Appendix A: Regional Electricity Cost by Season, Week Day, Time Part 1
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Appendix B: Regional Electricity Cost by Season, Week Day, Time Part 2
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Appendix C: Real Data from Light-weight house, Iris’, January 30" through

February 3™
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Appendix D: Real Data from High Thermal Mass house, Israella’s, January 30"
through February 3™
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Appendix E: Neot Semadar Weather Station Data, January 30" through February
3rd
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