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Energy consumption in a building is greatly affected by the SCHEMATIC DESIGN ZONING ANALYSIS CLASSIFICATION: RT-4 L ________ b | T O)
amount of energy used by the residents. The residents must be R e e e e M ‘N
conscious about how much energy they are using because the use S ®
of every day appliances makes a large impact on energy e s A son DETACHED HOUSE, ELDERLY HOUSING, [ iR O
consumption. RESIOENTAL (3 UNITS), SNGLE . O
Secondly, one must consider the site. After extensive site Wi fion Arsh: (650 SQUARE FEET | E’ "C'U'
analysis we were able to determine that one cannot simply throw T S EAREST TW PROPERTIES. MiNIMUM =
together all the most efficient products and materials and end up MINIMUM REAR YARD OPEN SPACE: E%iﬁg:ﬂii”m S T— O
with a green home. The orientation, dimensions, and location of a e ?_EEATE;JIE?JﬁEET?Eﬁmow S
site can greatly affect the area. One must take into consideration 7 eaios Buiome Hroen: a8 O
the soil composition, water table, north-south facing vs east-west - P
for sun exposure, and helght restrlctlc_)ns just to name a few_ of the Desultss Zero Energy Green Home
iIssues that arise from having a bad site. After analyzing a site and
determining what you can and cannot use there, you need to deter- g | -R50 exterior wall construction
mine what you should use. This is a complicated and involved step y -HVAC: DX Coils with Ground Source Heat Pump
as we learned that with every positive aspect of a design there is a -Energy Efficient Lighting -
negative one to counteract it and that you must learn to determine HHIH;HIHIHII -guaqruple Low-E Glazing o)
. -Daylighting Controls " —
when the goods outweigh the bad. "0 san e war s v o s s o e ~2@CH UNIE USes about 550 kWh per month L
Furthermore, you need to take into consideration the envelope v B ens B e e O
or the shell of the house. The envelope will affect the choices you S e e After calculating the energy a
make for the electrical and heating and ventilation systems. So it is e I T ] 552‘;{?; tLO; Lhuemhboerpiftﬁirg@t;‘t’t”’ ©
important to chose an optimal material for the house that optimizes e L L L .o .. hours needed per month into the O
your net usage. Designing and optimizing the envelope also i e am o emamoemoamoenoem ez oex emoam  Solar panel datasheet, which 1
depends on the number and placement of windows, minimizing 2 NI R vt dhesbulrdbn wibarnl
exterior wall area, orientation et cetera. This is why we turned to el oamo s ae um o oam o i iz amoa. amo e auows  residence with enough power.
the energy modeling software. SN
In order to get started, we found you need to start with a base e e e L T e
design for a building. This design doesn't need to be perfect as you T N 0 O 7 T T
will modify the design and through an iterative process of modeling T T T A T T AT T T
and revising the design you can reach your energy goal. This e e s == ———————
process also helps in determining the positive and negative effects T TR
of certain systems. R —
Another issue we had to deal with is effective communication =
between the large amount of people involved. We found that

dividing into smaller subgroups and delegating each group a task
for coming up with various green solutions of specific categories,
you can then do the iterative modeling tests and come up with a
final design.
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Droblem:
To design a net zero energy, zero carbon emission, high efficiency
green home at a competitive cost relative to neighboring units.

Backeround:

This IPRO was sponsored by Mr. Jimmy Eng who presented the
group with the problem of designing a zero energy home. Homes
today are still being built with the same construction techniques
that have been in use for hundreds of years, and yet this
architecture is temporary rarely surviving fifty years before it would
need to be torn down and rebuilt. All over the world groups are
trying to solve the problem everyone around the world is
experiencing of limited natural resources and land. This IPRO took
a step closer to finding the solutions this semester.

Objective:

Our goal was to design a three-unit condominium building on a

specific 100 ft. by 25 ft. Chicago-style lot with the following

conditions in mind:

* “non-disposable” design with a minimum three hundred year
design life.

* lower maintenance fees over the lifespan of the building

* maximum physical and psychological comfort

e Zero energy use and zero carbon emission

* |looking beyond existing building codes and technologies

« cost of construction be comparable to similar sized structures in
the area ($1.7 million construction cost for a three flat building)

methodology:

The IPRO team was split into multiple subgroups under subgroup
team leaders to accomplish specified goals throughout the course
of the semester. Information from existing green technologies,
literature, and journals pertaining to the strength of materials, as
well as other relevant design information available, were gathered
and used as part of our research. Each team consulted with
experts in the fields when needed to supplement their research.
Throughout the course of our research and investigations, a variety
of different software was used to aid in our design. Equest (Energy
Modeling Software) was used to estimate and analyze the overall
energy usage of the building. MathCAD assisted in any structural
calculations that needed to be done as well as calculating the
overall R-values for the building. AutoCAD was utilized to draft all
elements of the building, which include architectural and structural
components. Revit and ArchiCAD were also used for 3D modeling
and architectural problem solving. Additionally, the building was
designed in accordance with the Chicago Building Code. Other
codes accepted by the city of Chicago were used as well.

Net Zero Zero Energy Home

CASE STUDY # 1

SMITH HOUSE (PABSIHALE)
URBAMA, ILLINCIE

EcwaRD SINDELAR BUILDERS
HATRIN KLINGENBERG AND MICOLAS SMITH ARCHITECTE

2 BEDROOME AMND 1 BATH

1.200 80, FT.

COET = S04 PEA 80, FT,

ANMUAL EMERGY UsSE = 14.8MMETU

IMNDooR AR QUALITY:

HREV COMNSTANTLY EXCHANGES AR

LINSEED OIL FLODR FIMIEH

WWATER-BASED SEALANT ON THE COMNCRETE FLOORE
MOMHAVOC WALL PAINTE

SOLID WO COUNTERTOPE

WATER:
TOILETS AND LALUNDRY WILL EVENTUALLY BE FED BY A RAIMNWATER
COLLECITON SYETEM

EMERGY:
CooL MG HEV WimH 1,000 WATT ELECTRIC RESIETAMCE HEATING ELEMENT
COUPLED TO AN B INCH DIAMETER X 100 FT. LONG EARTH TUBE BURIED SFT.
BELOW GRADE.
WATER HEATIMNG: A TAMNKLESE WATER HEATER WITH SPARE COMNDLRT FOR A
S0OLAR THERMAL BYETEM TC BE INETALLED LATER.
SUPERINGLILATION,
FournpaTiOM = R = 58 + B = 24
4 M. CONCRETE SLAE OVER 14 IM. EFS FOAM SURROUNDED BY A
COoONCRETE-BLOCHK FOUMDATION WALL COVERED IN 8 M. OF EPS
FOAM
Wall g = B = &0
WERTICAL 12 M. RJOISTE WITH 12 IM. BLOWHHNFIBERGLASS
INBULATICN 4 4 IM. EPS FOAM OVER THE EXTERICR TO BRIDGE GARS
RoOOF = R — 80
18 1ML BEHETE WITH VENT CHAMKNELES ABCVE THE SHEATHING AND 168

Annual Energy Use in American Houses
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M. OF BLOWNHMN-FIBERGLASS INGULATIGN

WiNDCws = U - 18
TRIPLE-FAME. ARGOMN FILLED LOW-E. FIEERGLASE FRAMES WITH XFS
INSULATICN

MMATERLALS!

CUFRABLE. RECYCLABLE GALVAMNIZEC-ETEEL ROOF

MU FROET WALL 4 SHEGRADE COMCRETE ELAR ARE MATERLAL AMND LARCR
EFFICIEMNT

RECYCLED TURE, FIXTURES AMD MEDICINE CABINETE

1005 REGIOMALLY SOURCED WOOD (FIR. FINE. AND CEDAR]

RECYCLED ELATE CLADDING OM THE FOUNDATION
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CASE STUDY # 2

DULUTH, MM

J AND R SUMNDEERS BUILDERS
WAGNER ZAUM ARCHITECTURE

3 BEDROOME AMD 2 BATH

2.880 50, FT,

CosT = $594 PER S0, FT.

AMNMUAL EMNERGY USE = 15 4 MMBTL

INDOOR AlR QUALITY:
WHOLEHOUSE HRW
Mo CARPETING

WATER:

DUALFLUSH TOILETS

LOW-FLOW FALUCETS

RAIN BARRELS FOR ROOF WATER COLLECTION

BATHROOMS ARE STACKED CLOSE TO THE MECHANICAL ROOM

ENERGY:
HEATIMG AMD COOLIMG. EVACUATED TUBE SOLAR COLLECTION SYSTEM
WITH A 275 GALLOMN INSULATED TAME.
RADIANT HEATING
EPA-RATED WOOD STOVE WITH A DEDICATED COMBUSTION AIR ROUTE
BACK UF HEATING FROM A GASFIRED TAKAGI
MO AIR COMDITIONING
SUPERIMNSULATION.
FOUNDATION = R — 40 + R — &0

mll:'hﬂ Py Hplea] Sl T mgl Sriesn

ICF WITH B IN. POURED WALLS + < M. PS5 EXTERIOR

IMNSULATION
B M. COMNCRETE SLAB OVER 12 IN. XP3

WaLLs =R -—53
14 M. THICK WITH WOOD 2X4°8, /2 IM. OF EXTERIOR OSB, AND
Lz M, INTERIOR GYPSUM, THE INTERIOR 1S STUFFED WITH
DEMSE-PACHK CELLULOSE INSULATION

RooF =R - 88
26 |M. DEEP PARALLEL CHORD TRUSSES WITH CONTIMUSUS VENT

Annual Energy Use in American Houses
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CHUTES AMND 24 U2 1M, OF BLOWMN CELLULOSE INSULATION
WINDOWS = L= 17718

TRIFLE-PANE. ARGOHN FILLED LOW-E, INSULATED FIBERGLASS
FRAMES WITH THERMAL SPACERS

MATERIALS:
BAMBOO FLOORIMNG ON THE MAIM LEVEL

WATER-BASED COMCRETE STAIM ON THE LOWER FLOOR
CELLULOSE IMSULATION
STAMDIMNG SEAM METAL ROOF
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Logix was the decided company for furthered research regarding Insulated Concrete
Forms (ICF) for the central layers of the exterior walls (Please reference the ICF on the
table). These ICFs are very durable, thus aiding in meeting our goal of durability. The
ICFs do not loose their R-value over time which means that the thermal envelop created
for the housing unit will be consistent over time. Unlike over insulating a wood-framed
building and creating a ‘sick home,” the Logix walls provide no environment for mold
growth. This means that the home is green, healthy and durable.
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Site Analysis

Heating and Cooling Load Tables First Floor
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oy 133

TOTAL First Floor Heating Load [ R-50 WALL, R-3 WINDOW) = 6,604 Btu's/h = 1.96 kWh
TOTAL First Floor Cooling Load [ R-50 WALL, R-3 WINDOW] = 3,345 Btu'a'h = .57 kWh

Heating and Cooling Load Tables Second Floor

East WindowaPanels (Biu'sHeur)-1

TOTAL Second Floor Heating Load { R-50 WALL, R-3 WINDOW) = 4,511 Btu'sh = 1.32 kKWh
TOTAL Second Floor Gooling Load [ R-50 WALL, R-3 WINDOW) = 2,347 Btu's/h = .68 kWh
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tructlon Geothermal

Below grade constr

TOTAL Third Floar Heating Lead [ R-50 WALL, R-3 WINDOW)] = 3,416 Biu's/h = 1 KWh
TOTAL Third Floor Cooling Load | R-50 WALL, R-3 WINDOW] = 1,800 Biu's'h = .53 kWh

TOTAL BUILDING Heating Load | R-50 'WALL, R-3 WINDOW) = 14,621 Biu's'h = 4.28 kWh
=218 kWh

TOTAL BUILDING Cooling Load [ R-530 WALL, R-3 WINDOW) = T.492 Bu'a'h

Son Test
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Load Tables
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