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There is no doubt now that humans are
modifying climate (IPCC, 2007) and that
buildings are responsible for a major
portion of green house gas emissions
that cause climate change. Furthermore,
the U.S. population is projected to grow
significantly over the coming decades,
increasing the need for new buildings,
including housing for this growing
population. As architects we must learn
how to reconcile the urgent need for new
housing with the necessity to reduce our
impact on climate change.

We must innovate in many areas while
reducing carbon impact. However, architects
have not been trained to reduce the carbon
impact of buildings and do not know how

to quantify their carbon emissions. Thus,

to reduce building related anthropogenic
warming, architecture students must learn
how to design buildings with a reduced
environmental impact and carbon emissions.

This studio addresses the need to improve
carbon neutral design education while
teaching them how to improve the quality
of contemporary housing in an era of
increased environmental concerns.

Fourth and fifth year students with Masters
of Architecture | students participated in
these studios and developed carbon neutral
homes in two southern California climate
zones: the inland desert and the temperate
coast. In the first studio, emphasis was on
developing strategies to reduce emissions
due to operational energy and construction.
In the Fall 08 studio, students included

the analysis of emissions from water and
waste. Transportation, which is related

to building location, was also considered.
Numbers are very imprecise but helps to
create an initial picture of how building
related carbon is being emitted. A flow
chart diagram for a carbon neutral design
process was developed to serve as a road
map for a studio that took ten weeks to

complete. During this period students had
to analyze climate and geographical data,
generate ideas, and evaluate them with
different tools, such as carbon calculators,
and tools such as Climate Consultant,
Ecotect, HEED, Radiance, WinAir, and PV
watts. Emphasis was on the generation

and evaluation of environmental ideas,
especially those that affected carbon
emissions. Students continuously evaluated
the carbon performance of their projects
and had to demonstrate that their finalized
idea performed as intended.

The first step in this CND process was to
analyze census, climate, CO2 and population
data to compare CO2 emissions in the
different zip codes of the same climate
zone. Students compared this data with
the residential emissions and energy use
so as to be able to implement and test
appropriate design strategies. Analysis
protocols were implemented to analyze
concepts or design ideas: carbon climate
analysis, origin of carbon emissions, solar
site analysis, radiation impact on surfaces,
air flow analysis, daylight analysis, heating
and cooling loads, PV design and embodied
energy calculations.

Students in this studio learned how to design
innovative carbon neutral homes using
different strategies and tools. They are now
better prepared to design environmentally
sensitive low carbon housing appropriate to
this era of climate change. Work from all
students in the studio was published in the
zerocarbondesign.org website.

STUDIO PROFILE

Basic Description

10 week quarter course in the Fall of 2007
and 2008.

Undergraduate 4th and 5th year students
and graduate MARCI

Freestanding “Topics Studio,” individually

taught. Students must take a certain number
of these studios but have a choice depending
on interests. 14 students in 2007 and 20
students in 2008. The students undertook
individual projects, with hypothetical in
2007 and working with NGOs in 2008

Building Load Type

Small Climate Dominated. Some urban
planning and analysis involved. | selected
a small program so that the students could
concentrate on sustainable issues.

Project Location

California Climate zones 6 coastal mild
Mediterranean and climate zone 15 hot and
dry in the Fall of 2007 and climate zone 6
mild Mediterranean and climate zone 9 hot
and dry in the Fall of 2008.

In the Fall 08 studio | am specifically
focusing on low cost sustainable housing
working with Habitat for Humanity in
Pomona and Corazon in Tijuana, Mexico.

SPECIAL FOCUS: SOFTWARE

Software and it is explained in the CND
topics section. HEED, Ecotect, Radiance and
WinAir are the main programs implemented.
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Studio Teaching Topic KEY

Pablo La Roche
California State Polytechnic University Pomona

Fall 2008 graduate/undergraduate elective ‘Topics Studio’
TEACHING TOPICS PROFILED

1. Carbon Neutral Design Process

Introduction to the design process that students will
follow during the quarter and the tools that they will
use to achieve low carbon buildings.

4
Q
. § <+ ©
2. Analysis of Carbon Calculators - o - Lrl: B & B
The objectives of this exercise are a) to understand the 2 = Lo oL YW
variables that affect carbon emissions in buildings; b) g <] 8‘ 8‘ 8‘ 8‘ 8‘
to learn how to quantify these emissions; c) to compare o = F  F F
different carbon counting tools or methods available for
each task. . z !
Course Design Studio ; Teaching Topics
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3. Geographical Distribution of Carbon E' N
. . | 3 1
Emissions 1 g E ! :
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Determine residential yearly CO2 emissions in zip codes ! 1
located in different climate zones. 2 ’ :
- i 1
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4. Residential Sources of Carbon Emissions ! :
in Different Climates 3 ' é
@ 1 |
Energy modeling software is used to determine the a4 )
energy consumption and CO2 emissions for the typical 8 4 ’ ’
code compliant house in each climate zone. g : :
. ) 2 [
5. Solar Site Analysis = 5 : :
[=%
Analyze climate to determine shading and radiation — E 1 1
needs. Climate analysis of weather files can also help 8 : :
to determine when solar radiation is an asset or liability 6 é| &
in outdoor spaces. | |
6. Radiation Impact on Surfaces 7 ? ’
Using Ecotect select the option for solar access analysis : | :
under calculate and analyze the irradiation over the 8 1 1
exterior surfaces of the building. Calculate radiation on ] 1
building and site surfaces to determine solar impact and 1
shading requirements. 9 : :
1 1
7. Fenestration & Shading : : 1 :
The objective is to design and optimize an integrated E 10 D ‘ *
window and shading system to provide the necessary L
solar protection in the summer and solar radiation in
the winter (if required) while providing daylight.
8. Daylight Analysis
Students must design the fenestrations to achieve the
necessary illuminance levels while minimizing glare.
9. Air Flow Analysis
Using Ecotect and Win Air determine the pressures and
direction of air movement through different areas of
the house.
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CND Design Studio Case Studies

Humans are modifying climate and buildings
are responsible for a major portion of

green house gas emissions that cause
climate change. To reduce building related
anthropogenic warming architecture
students must learn how to design buildings
with a reduced environmental impact. This
is especially important in the United States,
responsible for 350 Gj of energy and 15 tons
of carbon per capita, and the largest single
energy consumer and generator of carbon in
the world.

Educating architecture students takes

many years, during which sustainability
concepts have to be embedded in lecture
and design courses, from introductory

to advanced levels. The first step in this
education process is to have these students
understand that they must become stewards
of the environment, and that for this to
happen they must become ecologically
literate. Ecological design in Orr’s words

is: “the careful meshing of human purposes
with the larger patterns and flows of the
natural world”. This principle of stewardship
is introduced in my first lecture as an
expectation for the quarter. Students should
understand that all of the sustainable
strategies that they implement are framed
by this principle.

In order to have a more thorough
understanding of sustainable design
concepts, the student should go into more
depth in their resolution. As Ralph Knowles
suggests “It is time to re-evaluate the studio
custom in most schools of architecture,
starting with small and simple projects

and advancing to ever larger and more
complex ones. Usually, as students become

Philosophy of CND Studio Instruction

Pablo La Roche

California State Polytechnic University Pomona

Fall 2008 graduate/undergraduate elective ‘Topics Studio’

more capable, the projects become
proportionally more comprehensive and
difficult. The result is that students often
become progressively more skilful at making
diagrams of shape and layout, but not
always with a deeper understanding of how
the thing really works. What about delving
progressively deeper instead of bigger, at
least part of the time?” Students must have
a thorough understanding of sustainability
concepts and the tools to test them. Magic
arrows disappear to become real “tested”
representations of air movement and solar
radiation. Knowledge to do this is acquired
by combining lectures with hands on work.

Emphasis in the studio is on both
development and evaluation of ideas.

The student should be creative but also
analytical, using sound theory, and with the
knowledge to test and evaluate the concepts
that are being generated. The performance
of projects, or portions of projects should be
evaluated with digital or analog tools.

Over the years digital tools have become
faster and more user friendly, while students
have also become progressively more
computer savvy. Digital tools are generally
used for analysis or modeling. Analysis

tools help to understand specific topics

such as energy, illumination, radiation and
acoustics. Faster and more precise iterations
using hourly data are now possible with
digital analysis tools. Modeling tools are
typically used to develop the design and
analyze shading in the building. Analog tools
are always pertinent because of the stronger
haptic connection that is established
between the physical model and the
student. In my studio, students have also

used analog tools to test physical models:
class built wind tunnels to determine air
flow, sun dials to evaluate shading and solar
penetration, and illuminance meters to
determine daylight levels.

Several exercises should be implemented,
ranging in scale and dimension and which
help the student to analyze different design
alternatives at these scales. The exercises
begin with analysis at a regional scale, then
progress to an urban scale, continue with
the site, the building skin and finally interior
spaces. Examples of these exercises are:
the analysis of the geographical distribution
of carbon emissions, residential sources of
carbon emissions in different climates, solar
site analysis, radiation impact on surfaces,
fenestration and shading design, daylight
analysis and air flow analysis.

For the carbon neutral design process

| emphasize understanding energy in
buildings, which is the main “architectural
factor” that can be modified in buildings

to reduce their effect on climate change.
Students learn how to design buildings that
use low energy materials and operate with
little energy. To operate with reduced
energy the student must learn how to design
passive solar buildings, that move energy
between the building and available heat
sinks to achieve indoor thermal comfort.
Available heat sinks vary with climate and in
most cases can help to dramatically reduce
building related CO2 emissions. Buildings
that correctly express their environmental
performance are also beautiful and better
respond to nature’s rhythms.
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CND Design Studio Case Studies

10 Critical Issues /7 10 Common Mistakes

Pablo La Roche

California State Polytechnic University Pomona

Fall 2008 graduate/undergraduate elective ‘Topics Studio’

10 critical issues in THE teaching of Carbon Neutral Design

9.

Much of the information is not readily available. For example conversion factors for CO2 are not
easy to find and vary by country, by region or even by hour of use..

There is no single method or tool to do all that is required to calculate carbon emissions from
buildings. Specific methods and processes incorporating different tools or combinations of tools
must be developed in class as required.

Imprecision of existing methods and tools.

Students have a hard time understanding units of carbon. They have learned how to understand
space and calculate in three dimensions and now the must also visualize in another set of units.

There are many calculations and opportunities for error in a carbon neutral design process.

Students should be able to understand the relationship between carbon emissions and design
strategies.

Students should be able to visualize the big picture and understand where the building fits in this
picture.

Emphasis should be on both the creative and the analytical aspects of design. Students should be
able to produce an exciting building high performance building.

Students have to understand the effect of buildings on climate change.

10.Many problems are developed in groups with many opportunities for error.

10 student design mistakes that undermine the goal of Carbon Neutral Design

o
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. Lack of knowledge of basic principles (U values, solar geometry, etc) which are prerequisites for

appropriate use of energy modeling tools.

. Lack of skills or knowledge to analyze the information (graphical and numerical) produced when

using the tools.

. Misunderstanding the relationship between energy and buildings and the movement of energy

through the building fabric.

. Production of tests or simulations that are executed to fulfill a course requirement but which the

student does not use in the design process. Analysis should evaluate ideas and propose solutions as
problems are discovered.

. Lack of understanding of the whole picture. The effect of buildings on CO2 levels and climate

change and what the student can do about it.

. Not comparing CO2 emissions of studio projects with the reference case developed at the beginning

of the studio.

. Counting carbon twice or not counting carbon at all.

. Misunderstanding units and the relationships between them.

CARBON NEUTRAL DESIGN
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Supporting Material

Pablo La Roche
California State Polytechnic University Pomona

Fall 2008 graduate/undergraduate elective ‘Topics Studio’

Teaching Climate Responsive Design to
Beginning Architecture Students
excerpt

(PDF) La Roche, Pablo. Presentation: Teaching Climate
Responsive Design to Beginning Architecture Students.
Teaching in Architecture Conference, Oxford 2008

How we teach architecture affects our survival in
this planet.

Students must learn how to design buildings that will control and
regulate energy more effectively. VS

COURSE MATERIALS

(PDF) La Roche. CND Course Materials
Compilation

1. Syllabus. Fall 2007 ARC 401 + 405
Topics in Advanced Architectural Design

2. Syllabus. Fall 2008 ARC 401 + 405
Topics in Advanced Architectural Design

PAPERS

(PDF) La Roche, Pablo. Teaching Climate
Responsive Design to Beginning Architecture
Students. Teaching in Architecture
Conference, Oxford 2008

(PDF) La Roche, Pablo. Presentation:
Teaching Climate Responsive Design to
Beginning Architecture Students. Teaching
in Architecture Conference, Oxford 2008

An overarching principle

Architecture students must become stewards of the
environment. For this they must become ecologically
literate. >

Implementing Design in Lecture Courses and
Analysis in Design Courses

Conclusion.

Beginning architecture students are capable of integrating in
their studio projects basic principles of sustainable architectural
design. The studio is the best place to do this supported by
lecture courses in construction, computers, history and
sustainability.

More second year student work at
http://www.zerocarbondesign.org/spring2008/index.html

CARBON NEUTRAL DESIGN
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Carbon Neutral Design Process

Pablo La Roche
California State Polytechnic University Pomona

Fall 2008 graduate/undergraduate elective ‘Topics Studio’
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Fall 2008 Carbon Neutral Design Process

Design/ Performance Objective

Buildings are responsiple.for a large pc_>rtion COp BrstuE REFEAEACE

of green house gas emissions, accounting for E prisa
i 0y P Cormnns 1

about half of all green house gas emissions cor ¢844 z%——m——’*_’—*ﬂ» pp/

. I 4 o

of anthropogenic origin. To reduce our

impact on climate it is necessary to reduce

these emissions and the first step in this

process is to learn how to quantify carbon

emissions in buildings.

Investigative Strategy

REC 104 AL
CRBAN
CARBpN
CLiMax &
ANALYSS

1.1. Carbon Neutral Design Process Diagram
Students are first introduced to the design
process that they will follow during the
quarter and the tools that they will use to
achieve low carbon buildings.

The instructor develops a diagram that will
serve as the roadmap for the student during
the quarter. At the end of the quarter this
diagram is used in www.zerocarbon.org

as the outline that will organize student
work in the different stages of this design
process.

Fall 2007 Carbon Neutral Design Process

1.2. Counting carbon emissions from
buildings

To determine the total building related
carbon emissions students must calculate
the emissions from the different areas in

- CARBON NEUTRAL DESIGN
) AI A curricuLum MATERIALS PROJECT  CND LaRoche
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CND Design Studio Case Studies

which buildings generate CO2 (in tonnes

of CO2/year or Kgs of CO2/year). While in
the 2007 studio only carbon emissions from
operational energy were considered, in the
2008 studio more areas were considered: a)
operational energy, which is used directly
at the site (gas) or at the power plant
(electricity) and includes heating, cooling,
lighting and appliances; b) construction,
by the fabrication or transportation

of materials to the building and the
construction processes; c) by using water,
that must be provided to the building;

d) by generating waste, that must be
disposed from the building; e) by requiring
transportation to and from the building.
The sum of emissions from all of these is
the total CO2 that is originated directly or
indirectly by the building.

TC=TCO + TCT + TCW + TCWa + TCC

Operational energy TCO
Transportation TCT

Water TCW

Waste TCWa
Construction TCC
Total Carbon TC

To calculate carbon in these areas several
tools were used:

Operational Energy:
HEED:
http://mackintosh.aud.ucla.edu/heed/

Construction:

Build Carbon Neutral:
http://buildcarbonneutral.org/

and

Athena Eco Calculator for Assemblies:
http://www.athenasmi.org/tools/
ecoCalculator/index.html

Water:

An emission factor of 0.82 kg of CO2 emitted
per cubic meter of water provided to the
building is used.

Waste:

EPA WARM Model:
http://epa.gov/climatechange/wycd/
waste/calculators/Warm_home.html
or

EPA Personal Emissions Calculator:
http://www.epa.gov/climatechange/
emissions/ind_calculator.html

Carbon Neutral Design Process (cont.)

Pablo La Roche
California State Polytechnic University Pomona

Fall 2008 graduate/undergraduate elective ‘Topics Studio’

PHOTOVOLTAIC PANELS

Winter
~
~

Passive Strategies to reduce CO2 emissions

from operational energy
Brandon Giuloti

Transportation:

The Climate Trust CarbonCounter

http'//www carboncounter. org/ Alexandra Hernandez, Aireen Batungbaka
) ) ) David Castro

or o Luis A Torres and Lorenzo Medina

EPA Personal Emissions Calculator Don Bui and Megan Gorman

http://www.epa.gov/climatechange/wycd/

calculator/ind_calculator.html

A spreadsheet was prepared by the
instructor and given to the students to
include the results from the different

- BAIA
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CND Design Studio Case Studies LaRoche Teaching Topic 1

areas and add them up. Some include
formulas directly in the spreadsheet and it
is expected that this spreadsheet will evolve
into a webpage.

Design strategies should be linked to the
areas in which buildings emit CO2 and
implemented according to their potential to
reduce building related CO2 emissions.

Evaluation Process

Data is generated using the different web
based calculators and programs and added
up using the spreadsheet. Several indicators
are used to compare building performance.

Total carbon dioxide emissions (TC) are
indicated as a total per building and a total
per unit of area (Kgs CO2 /m2). This permits
comparison between buildings of different
sizes and between established reference
values, permitting to classify them in
emission classes according to how they
perform (e.g. A, B, C, D etc)

Students also calculate the Energy
Utilization Intensity (EUI) of the building.
EUI is the total operational building energy
use per year divided by the gross building
floor area. It is measured in kWh/m2/yr
(or KBTU/SF/year). In an existing building
EUI could be determined from the metered
area which does not have to match the
building area. EUI can be used to calculate
CO2 emissions due to operational energy, by
multiplying energy use by the appropriate
conversion factor.

The building enclosure glazing ratio (EGR)

is the glazing area for the whole building
per gross floor area (measured in SF/SFtotal
or m2/m2 total). EGRorient is the bldg
enclosure glazing ratio for each orientation
and is the glazing area for each orientation
per total gross floor area (SF/SFtotal or m2/
m2 total). This variable is used to determine
if a particular orientation is more favorable
for glazing as a carbon reducing strategy.

Evaluative Criteria

Comparison of the values generated by the
different tools based on analysis of values,
precision, speed and ease of use.

Carbon Neutral Design Process (cont.)

Pablo La Roche
California State Polytechnic University Pomona

Fall 2008 graduate/undergraduate elective ‘Topics Studio’
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Tools and Websites

HEED:
http://mackintosh.aud.ucla.edu/heed/

Build Carbon Neutral:
http://buildcarbonneutral.org/

Athena Eco Calculator for Assemblies:
http://www.athenasmi.org/tools/
ecoCalculator/index.html

EPA WARM Model:
http://epa.gov/climatechange/wycd/
waste/calculators/Warm_home.html

EPA Personal Emissions Calculator:
http://www.epa.gov/climatechange/
emissions/ind_calculator.html

The Climate Trust CarbonCounter
http://www.carboncounter.org/

EPA Personal Emissions Calculator
http://www.epa.gov/climatechange/wycd/
calculator/ind_calculator.html

www.zerocarbondesign.org
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LaRoche Teaching Topic 2

Design/Performance Objective

Climate change is caused by an increase

in the concentration of green house gas
emissions due to human activities. Since
buildings need energy to operate and be
habitable, and this energy usually comes
from power plants that generate CO2,
buildings are responsible for a large portion
of green house gas emissions. However,
even though operation accounts for a major
portion of building related greenhouse gas
emissions it is not the only one.

The objectives of this exercise are a) to
understand the variables that affect carbon
emissions in buildings; b) to learn how to
quantify these emissions; c) to compare
different carbon counting tools or methods
available for each task.

Investigative Strategy

There are several types of carbon
calculating tools: a) carbon footprint
calculators which are available online to
determine personal carbon emissions b)
carbon estimators which are also available
online for estimations of carbon emissions
of buildings c) carbon calculators which are
available for purchase that work with BIM
systems for a more accurate analysis. In this
studio, students focused on the first type of
tools and some energy modeling programs.

Two single family dwellings were created

as reference homes for later comparison
with the student generated projects. Both
of them were energy code compliant: a
1408 sq ft one-story house and a 2304 sq

ft (gross building floor area) two-story
house which was slightly smaller than the
2005 US avg. The houses had the following
characteristics: the one story house was

32 by 44 ft and the two story house was

48 by 24 ft. Both were oriented east-west.
Envelope to Glazing Ratio was 20% of the
building distributed evenly in all elevations.
U value of window in the coastal zone was
0.67 and inland was 0.55. SHGC = 0.40.

The roof insulation was R30 with a radiant
barrier in climate zone 9, and R30 in climate
zone 7. If there was an option for water
heater students used a gas storage water
heater with a EF = 0.575.

Carbon emissions were determined for these
houses in the two studio sites: climate zone
9 which includes Pasadena and Pomona with
Hot and Dry Summers, and climate zone 7
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which includes San Diego and Tijuana with a
mild coastal climate (eg. Figs 2, 3). Carbon
calculators were run for each of these
homes and each team organized results

in tables similar to Fig. 1. These tables
included screen images of the tool (input
and results page) and a short description of
any assumptions made and comments on the
tool. All tools were analyzed by at least two
teams.

The values generated by the different
tools were compared by the whole class

to determine relationships and possible
patterns (Fig. 4). Comparison was based on
values that were generated by the tools,
precision, speed, and ease of use.

At the end of the exercise a matrix was
generated that included all of the tools that
were analyzed and the areas in which they
could be used.

Evaluation Process

Data produced by all the students was
compared in a master spreadsheet (Fig.
4) to determine relationships and atypical
values.

|«

Example of Student Spreadsheet
Alexandra Hernandez, Aireen Batungbaka

Evaluative Criteria

Evaluation of student work was based on
completing assigned tasks.

Cautions- Possible Confusions

There are many calculations involved in the
process and possibilities for error.

It is difficult to compare the carbon
calculators if most of the underlying
calculations are not transparent.
Duration of Exercise

One week.

Degree of Difficulty
Difficult
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Sarah Buck, Alan Thong, Serge Mayer, Lorenzo Medina,
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Hernandez, Aireen Batungbakal, Nicholas Klank, Naruki Na-

gata, Chuck Campanella, Kim Black, Megan Gorman, Kelly

Saguini, Don Bui, Oscar Cobos, Michael Scott, Alexa Parks
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Geographical Distribution of Carbon Emissions
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Califernia Building Climate Zone Map
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Building Climate

California Climate Zones
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Indlin w2
Inddio 92203
Palm Desert 2210
Palm Desert w2211
Banning G20
Biyth 2225 . - .
Erxiaiy 92227 Design/Performance Objective
Cabazon 02230
Calexico 22321 . ..
Callpatrin w23 Students are not used to visualizing amounts
Cathadeal City 02234 . .
Coachalia s of CO2. It is important that they learn to
Desert Hot Springs: 92240 . . . . . -
Deset ok sorings sz2a1 think and visualize in units of carbon just as
Heber 92299 they can think in units of length, width and
Il k] space. This exercise will help the student
Mews s to visualize CO2 emissions per units of
Pl Drset, £2260 dwellings.

Census Data

Carbon Emission Analysis

Students that worked in this exercise and are responsible
for all the images:

Serge Mayer, Ryan Cook, Marcos Garcia, John Duong, Ryan
Hansanuwat, Nick Pieroti, John Gayomail, Greg Ladjimi,
Brandon Gulloti, Garrett Van Leeuwen.

The students had to determine residential
yearly CO2 emissions in zip codes located in
different climate zones. This exercise will
help students achieve an understanding of
the relationship between carbon emissions,
climate and population density.

Investigative Strategy

The students work in teams to analyze CO2
emissions in several climate zones using

a method developed in class. The method
begins by determining the extent of the
climate zones and the zip codes located in
each zone. Energy use and CO2 emissions for
a typical home in each zone are determined
and maps are generated with this
information. The next exercise compares
this information with potential CO2 reducing
strategies.

Zip Codes

1. Climate Zones and Zip Codes

1.1. The students define the boundaries of
the climate zones and determine the zip
codes in each climate zone. For this project
California Climate zones were used, so the
limits and the zip codes inside the zone
were previously defined.

1.2. Determine which zip codes are in the
climate zone under study.

1.3. Gather census data from website
http://www.census.gov./geo/www/
gazetteer/places2k.html

1.4. Use the following information from
the census files. This is organized in a
spreadsheet in the following columns:

«City name [A]

«Zip code [B]

*Population [C]

*Households [D]

eLand area (square miles) [E]

eLand area (square meters) [F]

- BAIA
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2.3

2. Determine Residential Energy use and
CO2 emissions per Zip Code

Determine energy and CO2 emissions for
a reference house in each zip code in the
climate zone.

Then multiply CO2 and energy per dwelling
by the number of units in each zip code.
Several energy modeling programs can be

used to determine energy and emissions.
Home Energy Saver has been used in this
exercise and the calculation is done in the
following form (numbers correspond with
numbers in figures):

2.1. Go to Home Energy Saver Site:
http://hes.Ibl.gov

2.2. Enter zip code

Home Energy Saver Making it Happos

O el el T P S

Iritisd Rpssa g Yoaar Enmngy Bl osor)

llnm- Ennrgjr Saver ml.l..q 1t Hispgien

Ml Wy i ooy Lt Hntiry WAE B et

2.3

s e

Home Energy Saver windows

2.3. Set cooling to “central air”
=Save answer

«Calculate

2.4. Select link “more details...”
Columns

*Energy use/money per year [G]
*Price per KwHr [H]

- BAIA
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Geographical Distribution of Carbon Emissions (cont.)

Pablo La Roche
California State Polytechnic University Pomona

Fall 2007, 2008 graduate/undergraduate elective ‘Topics Studio’

2.5. The estimated CO2 emissions for the
house are indicated in the website.

3. Determine CO2 emissions in the zip code. L
Select the CO2 per household obtained in ) iz A
2.5 for each zip code and multiply by the
number of households per zip code.

*CO02 (kg) per household annually [I]
*CO2 (kg) per household annually [J]
*CO02 (kg) per zip code annually [K]

GxC=H S
«C02 (kg) / m2 annually [L] - B

H/D B oo -
=Lbs/ft2 of CO2 annually [M] . Lkt 4
(H x 2.2)/(D x 10.7636)
=Lbs of CO2 per person [N]
(Hx2.2)/B

Kg of CO2 per Meter? Yearly. Climate Zone 6

4. Generate Maps with this Information.
Emphasis is on creating maps that help s
to understand the relationships between M
emissions and population density and t‘%
emissions with surface areas. GIS would help T
create these maps (Figs 4,5,6) but they can

also be drawn by hand (as these have been). "\&'

i Rk
Residential CO2 in kg/m2 per year "_l il o T
Residential CO2 in kg/person per year o1 s ate -
Population per square kilometer . ik

Evaluation Process

Class discussions and presentations of the
maps and the information to the other
teams.

Evaluative Criteria

Students must find relationships between
CO2 emissions, population density and
climate. Some relationships such as
density and CO2 are easy to understand,
but they are sometimes affected by land

0 500 g of P

use. The next project addresses the origin [ 1501 - 300ug et e
(residential) of these emissions. | e
. 001 - 7500 kg of (135 "-\
'S0 - 008 by of CIF \v

Cautions- Possible Confusions

Calculations should be checked several Kg of CO2 per Person. Climate Zone 6

times because there are many opportunities

for errors in this process. References:

Duration of Exercise http://www.energy.ca.gov/maps/building_

climate_zones.html http://hes.lbl.gov

http://www.census.gov./geo/www/

gazetteer/places2k.html

http://mackintosh.aud.ucla.edu/heed/

Difficult http://www2.aud.ucla.edu/energy-design-
tools/

One Week

Degree of Difficulty
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Residential Sources of Carbon Emissions in Different Climates

Design/Performance Objective

Determine origins of energy use and CO2
emissions for a representative 1500 ft2 code
compliant house. This house will represent
a typical energy code compliant house, and
the calculation is done in two climate zones.
This house will be used as the base case for
comparison with student projects developed
during the studio. This assignment will help
the student gain a better understanding

of the relationship between the sources of
carbon emissions in homes, local climate
and energy use in that specific climate.
Emphasis is on emissions from operational
energy. Transportation to and from the
building, providing water to the building,
disposing of waste from the building and
construction of the building are not analyzed
in this base case in 2007. They are analyzed
in another exercise in 2008.

Investigative Strategy

Energy modeling software is used to
determine the energy consumption and CO2
emissions for the typical code compliant
house in each climate zone. In this exercise
two climate zones were selected, only one
of which is presented here.

1. Energy Consumption and CO2 emissions
in the reference house.

1.1. Energy modeling of the reference house
with Home Energy Designer as indicated

in the previous technique “geographical
distribution of carbon emissions” and

HEED. Both of these permit to determine
the total energy consumption and their
origins. In HEED this is done using the energy
costs screen (Fig 1). This screen presents
the results in units of energy and carbon
emissions for air conditioning, fans and
blowers, lights, equipment and appliances,
electric heat or pumps, water heater,
appliance fuel and furnace fuel.

1.2. Use Home Energy Saver to determine
total energy consumption and their origin
in the different zip codes. This is done
using the results screen: heating, cooling,
hot water, lighting, major appliances,
miscellaneous.

1.3. Determine combinations of climate
zones and zip codes with similar energy use

Pablo La Roche

California State Polytechnic University Pomona

Fall 2007 graduate/undergraduate elective ‘Topics Studio’

£ HEED 3.0 (Build 38, Apr 29, 2008)

dfle = 2 S Y&

Exit Basic Advanced Ewvaluste Library  Print Manual  Advice  Help Ahout

Energy Costs
Scheme 6 : night ventilation

Project : Chino House
Building Type: SINGLE FAMILY RESIDENCE
City Location: Santa Monica

— 1. Meets Energy Code

— 2. More Energy Efficient

— 3. super insulation

— 4 orientation

— % better air conditioner
— B. night ventilation

10,000
N

10,000
\

=1
=
=
L

=
(lbs CO2)
ELECTRICITY FLEL

=
(lhs CO2)

=)
g
=

5,000

)
(s COZ)

TOTAL YEARLY COST

- AIr Conditioner

I Fans and Blowers kwhr
I Lights

- Equipment and Appliances
- Electric Heat or Heat Pump
- Water Heater

- Appliance Fuel

- Furnace Fuel

Recalculate H Back ” Mt I

Fig 1: Origin of Residential Energy Use

Toward Zero Energy Building

@ Attribute Scheme 1 Scheme 2 Scheme 3 Scheme 4 Scheme 5 Scheme 6
Passive Hours {no heat or cool)... % 55.09 90,51 70,94 70.09 70,94 92,45
Total Floor Area ..., sq.ft. 1400.00 1400.00 1554.00 155400 1554.00 13554.00

Tatal Fuel consumed..... KETUsF 24.78 19.03 15.45 17.81 15,45 16.33

Total Electricity consumed kiwhrsf 3.55 1.76 256 Z.40 230 1.27
Electricity Equivalent. ..in KETU sF 12,11 6.02 3.73 3.19 7.85 4,33

Site Energy Use Tatal...... KET)sF 36,89 25,05 27,18 26,00 26,30 20,66

Site Energy Use. ....% of Scheme 1 100.00 67.91 72.85 69,68 70,48 55.36

CiZ Carbon Dioxide........... Ibsysf. 5.75 3.64 4,30 4,08 4.07 2.97
(@8%000000000000000000 %% of Scheme 1 100,00 63,43 73.94 F0.16 70,00 51.04

&

Fig 2. : Carbon Emissions of Reference Building

Carbon Emission Analysis

Students: Serge Mayer, Ryan Cook, Marcos Garcia, John

Duong, Ryan Hansanuwat

B o A1A
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CND Design Studio Case Studies LaRoche Teaching Topic 4

Residential Sources of Carbon Emissions in Different Climates

(cont.)

Pablo La Roche
California State Polytechnic University Pomona

Fall 2007 graduate/undergraduate elective ‘Topics Studio’

patterns (Fig. 3). This will permit them to . S .
be compared with climate design strategies Typical Building Co, Emissions by Sub Area
that would reduce the building’s carbon Climate Zone &

footprint.

2.Climate Analysis

2.1. Use Climate Consultant or the Weather
Tool to determine design strategies that
could be incorporated in the design of

the house to reduce energy use and CO2
emissions. Traditionally climate analysis is
done before any type of modeling is done.
In this case it was done after the energy
analysis to determine strategies that could
reduce the emissions factors from the
different sources detected in 1. TO'alfmhilonsEq“alm 18111 Lb

[ 80% Haating
2.2. Rank the potential impact and , % Cooling Tl B Tt v
performance of these strategies. This can be B 19% Hotwater \ = 2 iy
graphed for the heating and cooling seasons 1111% Majer WAk el
separately (Fig 5, 6). The strategies can be / .“""""m"‘,u .

Tokal Emissions Equal to 13,552 Lb

1 41% Huating
\ - %, Conling
3

)ll 0 9% Wi
organized in tables that indicate potential R i % Lighting
T M M

CO2 reductions after implementing them
(Fig 7).

Evaluation Process

Fig 3: Residential Energy use in one Climate Zone

Class discussions and presentations of the —

. . el L =EE
maps and the information to the other PSR - -
! - - i s s D Clmze e s
teams. Students must find relationships ) Eistar 100
between CO2 emissions, the origin of these LEGEND — — e
emissions in the buildings, and climate in e I S |
which these buildings are located. Py
e @ o iy
oo
Evaluative Criteria e y
(T A ¥ i ik
Students should be able to select and rank 13 Camentonst o Contivaing 131 R & i
the strategies. e i Vot dll e
s LA
Cautions- Possible Confusions et : 5 fund
Calculations should be checked several v i
times. There are many opportunities for M £
errors in this process. st i
Duration of Exercise
One Week (===l

Degree of Difficulty Fig 4: Climate Analysis

Medium Carbon Emission Analysis

Students

References Serge Mayer, Ryan Cook, Marcos Garcia, John Duong, Ryan

Title 24 maps: Hansanuwat
http://www.energy.ca.gov/maps/building_
climate_zones.html http://hes.lIbl.gov
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CND Design Studio Case Studies

Residential Sources of Carbon Emissions in Different Climates

gazetteer/places2k.html

HEED:
http://mackintosh.aud.ucla.edu/heed/
Climate Consultant:
http://wwwz2.aud.ucla.edu/energy-design-
tools/

P. Torcellini, S Pless, M Deru, D Crawley.
Zero Energy Buildings: A Critical Look at
the Definition. ACEE, Summer Study, Pacific
Grove CA (2006).

A Green Vitruvius. Principles and Practice of
Sustainable Architectural Design. European
Commission, Directorate General XVII For
Energy (2001).

Plea Note 6, Keeping Cool: Principles to
Avoid Overheating in Buildings. La Roche, P.,
Quirés, C., Bravo, G., Machado, M., Gonza-
lez G., (2001). Kangaroo Valley, Australia:
Passive Low Energy Architecture Association
& Research Consulting and Communications,
60 p.

Morthern Sub-Zone
o Prtwrial Razucties e
T T
sicaz risger oo "
e LT I I Nt
ar i I
) L) Tt T
= ol =
a 03 i ¥
™ o
s bl =]
Pariasbign of CO2sedeced 5%
Central Sub-Zone
Jeruiigs Hoari el ) Fuimmial Reducions [—
Y
ignieaa P ey etz =
1 [713 gL L1
= ™ B
T -1 b -3
| [ k=l
pol TR ™
k. C) L] =
= pu1
Pammstage of GO sedeced 53
Southern Sub-Zone
e Fooemial Reductinns [rem-y
% ol ol e w Raducian = ig
g wlcad ] LT KL ol sl ar
i) 1713 LI
£ i)
iy 3 T =
i Lir] =
b TR T
T Lo il
by T =
Pamastape of COR sedeced S5

Fig 7: Design Strategies for different sub-

zones. Climate Zone 6
Serge Mayer, Ryan Cook, Marcos Garcia, John Duong,
Ryan Hansanuwat

(cont.)
Pablo La Roche

California State Polytechnic University Pomona

Fall 2007, 2008 graduate/undergraduate elective ‘Topics Studio’

DESIGN STRATEGIES: JUNE THROUGH AUGUST

45% —
35% —
25% —
200 —
15% —
10°%0 —
5% —f
COMFORT SN HiEH i DFECT  MATURAL INTERMAL FASSNE  PASEIVE
SHADING THERMAL THERMAL EVASOR- VENTILA- HEAT 501 SOLAR
MASS  ATVE = GA DIRECT  DIRECT
MGHT  COOLING  COGLING GAINLOW AR MG
FLUISHING MASS  MASS
DESIGN STRATEGIES: JANUARY THROUGH DECEMBER
35% —
3.
314%
30% — 9.2%
25% —
20 — 128%
15% —
115
10% —
79
= 7%
5% — e
COMFORT 5N HIGH  HGH  OFECT  MATURAL [NTERNAL FASSHE  PASSIVE  HUMID
o ; VINTILA- HEAT  SOLAR  SOLAR  FICATION
s MASS  ATME N G DIRECT  DORECT
i DOLNG  CODUNG

GAINLOW GANHIGH
MASS MLAES

Fig 5 & 6: Seasonal Design Strategies. Climate Zone 6

15.7%
o0, o
I |
HUMIDE  WIND COMVENT. CONVEN
FICATION  PROTEC-  ICIhAL TICRA
TIoM AR HEATING

COND-

TIOHING

F THE DESIGNER UTILIZES PASSIVE
STRATEGIES AS SHOWN IN THIS
(CHART, HE/SHE CAM REDUCE ENERGY
USE FOR CONVENTIONAL HEATING
AND  COOLING TO THE FIGURES
BELOW OPROSED TO THE NUMBERS
SHOWN ON THE PIE CHARTS GIVEN
ONTHE DISTRIBUTION MAF.

WRD
PEOTEC-
moN

CONVENT: CONVEN
Ik TiCwA
AR HEATRG

CON-
TICHING

CAIA
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CND Design Studio Case Studies LaRoche Teaching Topic 5

Solar Site Analysis

Pablo La Roche
California State Polytechnic University Pomona

Fall 2007 graduate/undergraduate elective ‘Topics Studio’

Design/Performance Objective

mate Consultant 4.0,
Fie Criteria Charts  Help

Building shading on outdoor spaces has
LOCATION: Climate Zone &, CA, USA

an important effect in the perception of PSYCHROMETRIC CHART Latitude/Longitude: 33.3° Morth, 118.5° West, Time Zone from Greenwich -3
the Space and its use. |f |t iS intended for Data Source: WYECZ-C-00006 722970 ¥WhO Station Number, Elevation 98 ft
winter use and it is shaded by a neighboring LEGEND RELATIVE HUKIDITY _100% _ 80% 60%
building it will probably be dark, cold and DEGIGN STRATEGIEG. JANUARY lhroush DECEWDER

. . PR R 028
unused. Nor will it be used if it is intended DRY-BULBTELP DA DEE A
for hot weather use and it is unshaded. This o I 3
technique permits to calculate the effect as% W 32 - 70 1.8% 5 Direct Evaporative Cooling (168 hrs) TEMPERATURE 024

ildi H H H7o- 75 6.1% 6 Natural Ventilation Cooling (535 hrs) 80,
of bu"d_mg _Shadmg on exterior spaces to 1% M 75 - 100 6.0% 7 Fan-Forced Venlilalion Cooling (524 hrs) '; 80
determine if they spaces can be used as 0% W >100 40.2% 8 Internal Heat Gain (3543 hrs) 2/ | o
. . 24.7% 9 Passive Solar Direct Gain Low Mass (2161 hrs) -
proposed durlng the summer or winter. ) 23.0% 10 Passive Solar Direct Gaih High Mass (2019 hrs) >
The method can also be used to determine 5.0% 11 Humidification (440 hrs) 2 )
. 0.3% 12 Wind Protection (26 hrs) G =
performance of PV systems or solar windows PoTORVELBTEP v 0:3% 13 Conventional Alr Conditioning (23 hrs) z &
for passive and active heating. Adjustments Dty O ey Mt 2050 04 G I () (PRE 5
- g - ] s
in bUI|dIng mass'ng can then be proposed tO o 100.0% Composite of Selected Strategies o T 2
improve shading or solar access. P 5o
Investigative Strategy J—— e
1.1. Shade in site. Analyze climate to B8 = |
determine Shading and radiation needs. TEMPERATURE RANGE: //' - 30 00*
Climate analysis of weather files indicates gm‘“““ag'“” \’\fﬁ
. - . - Fitto Data

required design strategies to achlev_e i —— - pn - - m rTT—
thermal comfort in indoor spaces (Fig. 1) ERVHONENENRERATOREADEGHR
but can also help to determine when solar e

radiation is an asset or liability in outdoor
spaces. The sun shading chart in Climate
Consultant combines solar geometry with
outdoor temperature in one diagram making C'C‘“"’
it more useful.

Fig 1: Climate Analysis

LOCATION: Climate Zone 6, CA, USA
SUN SHADING CHART Latitude/Longitude: 33.3° North, 118.5° West, Time Zone from Greenwich -8
1 2 Determine the placement Of the (F Data Source: WYECLZ-C-00006 722970 WO Station Number, Elevation 98 it |
analysis points using a grid or strategically LEGEND EC

located points (Fig 3).

1.3. Select the points option in Ecotect’s o WARMHOT
3d editor. Place these points in the desired :t";;:ii[:m
positions.

{SHADE HELPS)
1.4. Select Sun Path Diagram Tool under > 70 degrees F
“Calculate” in Ecotect and place the cursor ° COOLICOLD

{SUN NEEDED)

in the points. Ecotect draws the perimeter
of the building mass in the sun path diagram
permitting to determine their shading effect
during the whole year.

PLOT MONTHS:

2. Orientation of buildings.
2.1. Radiation of surfaces is calculated

WINTER SPRING
O December 21 to June 21

using Ecotect to determine best building SUMMER FALL

orientations. A visual analysis is done but @ s 2110 Decamber 21 : ] : !

total irradiation per surfaces can also be [ Oty Grid 120 a0 50 e 60 a0 120
calculated to determine the most efficient Dl pispiey Shading Caleustor EAST SOUTH WEST
surface . ‘

Fig 2: Sun path diagram with hourly temperatures

- CARBON NEUTRAL DESIGN
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LaRoche Teaching Topic 5

CND Design Studio Case Studies

Winter

Fig 4: Site analysis W
locations

2.2. Orientation and Energy Use.

HEED is used to determine the optimum
orientation as a function of energy use.
The same building is rotated in different
schemes and yearly energy use in the BEPS
window or different schemes in the energy
costs screen can be compared. All other
variables being equal, the building with
the lowest energy consumption should be
selected.

Evaluation Process

Class discussions and presentations of the
information. The results should inform
design decisions.

Evaluative Criteria

Shade or solar radiation should be provided
during desired times in the outdoor spaces.
Appropriate orientation should reduce
energy use.

Solar Site Analysis (cont.)

Pablo La Roche

California State Polytechnic University Pomona

Fall 2007 graduate/undergraduate elective ‘Topics Studio’

Cautions- Possible Confusions
Many students find the sun path diagram

with the building outlines difficult to under-

stand.

Duration of Exercise

One studio session.

Degree of Difficulty
Easy

References

http://www.energy.ca.gov/maps/building_
climate_zones.html http://hes.lbl.gov
gazetteer/places2k.html
http://www?2.aud.ucla.edu/energy-design-
tools/

Solar Site Analysis
Students

Serge Mayer, Ryan Cook, Marcos Garcia, John Duong, Ryan
Hansanuwat,.

Mechanical and Electrical Equipment for
Buildings, 10th edition, by Stein, Reynolds,
Kwok and Gronzik published by Wiley, 2005.

.. [
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CND Design Studio Case Studies LaRoche Teaching Topic 6

Design/Performance Objective

Incident solar radiation can have a
significant impact in buildings by affecting
the surface temperature of opaque
materials and increasing heat transfer by
conduction or by radiation through windows.

Building surfaces receive varying amounts of
solar radiation depending on the climate and
latitude of the site and the orientation and
tilt of the surface. This incident radiation
affects the shading requirements and
potential uses of the surface. Surfaces which
receive more solar radiation might require
additional shading during the summer, or
would be suitable for placement of a solar
hot water collector, or photovoltaic systems,
or to place a window to provide solar gains
to the interior of the building.

The objective of this exercise is to quantify
and compare incident solar radiation on
exterior building surfaces. Students will use
this information to make more informed
design decisions.

Investigative Strategy

1.1. Using Ecotect select the option for solar
access analysis under calculate and analyze
the irradiation over the exterior surfaces of
the building.

1.2. Calculate radiation on building and

site surfaces to determine solar impact

and shading requirements. The 3d

models describe the incident radiation on
external surfaces. Fig 1 is the analysis of

a shading system for an exterior space for
underground dwellings, which must block
direct solar radiation in the summer and
allow it in the winter. Fig 2 describes the
effects of solar radiation on building massing
in a city block. The colors define different
amounts of solar radiation. This analysis can
be used to refine the design of the massing,
exterior colors, fenestration and shading
systems.

Evaluation Process

Numerical analysis of the information.
Class discussions and presentations of the
information.

Radiation Impact on Surfaces

Pablo La Roche
California State Polytechnic University Pomona

Fall 2007, 2008 graduate/undergraduate elective ‘Topics Studio’

OBJECT ATTRIBUTES

Avg. Daily Radiation

Fig 1: Solar radiation through a shade system in an exte-
rior space

g 2: 1ation In exterior mass in Palm Springs

Radiation Impact Analysis
Students Name

Fig 1:(top) Jon Gayomali, Garret Van Leeuwen, Brandon

Gulloti
Fig 2: (bottom) Jonathan Reimann, Nick Pierotti, Greg
Ladjimi
- CARBON NEUTRAL DESIGN
% AI A CURRICULUM MATERIALS PROJECT C ND LaRoche
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Radiation Impact on Surfaces (cont.)

Pablo La Roche
California State Polytechnic University Pomona

Fall 2007, 2008 graduate/undergraduate elective ‘Topics Studio’

Evaluative Criteria

Total Radiation:

Incident solar radiation must usually be
Scale: 0 - 350,000 Whr/m2

minimized during the cooling season and
maximized during the heating season.
Comparison of solar radiation values permit
the student to continue envelope design
with a better understanding of the effects of
the sun on the building. This information is
not used directly in the calculations of heat
gain and losses, because energy modeling
software is used for this. However it serves
as a starting point for design ideas that
respond to more than solely solar geometry,
they also respond to the actual amounts of
incident solar radiation.

| Total Winter Radiation | I Total Summer Radiation

Cautions- Possible Confusions

Student must understand the effect of the
seasons. Simulations should be performed

for the whole year, and for the cooling and
heating seasons. Mid seasons and extreme
months could also be considered. The
student must understand what he is looking
for in each season and for each building
surface

Duration of Exercise

One studio session to explain and do the
exercise and another session to analyze the
results.

Degree of Difficulty

Easy.

References
http://ecotect.com/
Mechanical and Electrical Equipment for

Buildings, 10th edition, by Stein, Reynolds,
Kwok and Gronzik published by Wiley, 2005.

These two images display the effectiveness of the shading
devices which allow the south walls to accept the winter sun for
heating, without the problem of overheating in the summer.

Incident Radiation (Fall Howrly'

Total Ra

Radiation Winter

Fig 3: Solar radiation analysis of exterior surfaces in West
Los Angeles

Radiation Impact Analysis
Students Name

Fig 1:(top) Ryan Cook

Fig 2: (bottom) Serge Mayer, Ryan Cook, Marcos Garcia,
John Duong, Ryan Hansanuwat,
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LaRoche Teaching Topic 7

Summer Insolation Analysis [secion view]
Anernge Daily Rodiation i)

Wintar Inselofes Anolysis [saction viaw]
werage Duily Badicien fbiv)

Fig 1: Design of a shading system

Design/Performance Objective

Solar radiation through windows can
contribute a significant amount of heat into
the building. This radiation can be beneficial
when heating is required but can also be a
liability when cooling is needed. It can be
regulated with properly designed shading
systems that block the heat when it is not
required and allows it when it is desirable.
Daylighting, however, should be provided
during the whole year.

The objective is to design and optimize an
integrated window and shading system to
provide the necessary solar protection in the
summer and solar radiation in the winter (if
required) while providing daylight. All of this
with minimum use of materials.

Fenestration and Shading

Pablo La Roche

California State Polytechnic University Pomona

Daylight Andlysis [ples view]
Duphight factar [DF%|

Investigative Strategy

1.1.Climate analysis to determine shading
needs. Analysis of weather files with the
BBC or the psychrometric chart indicate
when solar radiation is needed inside the
space. The sun shading chart in Climate
Consultant plots solar position with outdoor
temperature and dates and times in one
diagram. This chart shows when shade is
needed as a function of the shade line which
can be adjusted by the user in the criteria
screen.

1.2. Incident Solar Radiation.

In Ecotect use the option for solar access
analysis and select the option to determine
the incident solar radiation. A grid should
have been created inside the space and
the option to select objects in analysis grid
should be selected. It is usually easier to

Spring 2008 Undergraduate Studio

Srereagraghic Diegram
Location: 1437, -1185°

Wik 1551"

A 118"

Fenestration and Shading
Students

Tyle Tucker, Emmanuele Gonzalez, Rogelio Diaz.

visualize average daily values. An analysis
for both the winter and summer seasons
must be performed.

1.3. Daylight Analysis

A simple daylighting analysis using Ecotect
permits to indicate if the shading system
is also providing enough daylight inside
the space. Ecotect’s analysis uses the CIE
standard overcast sky. This should ensure
enough daylight but in constantly clear
skies opens the possibility of glare and
overheating.

CARBON NEUTRAL DESIGN
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Fenestration and Shading (cont.)

Pablo La Roche
California State Polytechnic University Pomona

Spring 2008 required 2nd year Studio and Fall 2008 graduate/undergraduate elective ‘Topics Studio’

Evaluation Process

Analysis grids should be placed in section
through the windows and in plan to visualize
the data inside the space.

Evaluative Criteria

In general, solar radiation penetrating
through the window should be reduced
during the summer and increased during the
winter. An ideal summer number would be as
low as possible (zero ideal). Numbers should
be expressed as average daily values which
are easier to understand.

SUABMTN LN COOLBRG
Opevaitin merdioeny 21 both v ey e poiberiiel ke rom eridpton
& b b 1pfies Purrnir s e e ey o e

The et bl vadates P Dushin] b e rure sl akelen

Cautions- Possible Confusions

This project focuses on solar radiation
penetrating the space instead of incident
solar radiation on the exterior surfaces

of the objects. Students are analyzing z e e ;
the effects of the shading system on solar & o
radiation and daylighting but a separate g |
analysis must be done for each one. é j
=N

. . AT YA

Duration of Exercise e s s o A s o o s oot 5 4 Epry
it ik e e ey O e O 3

This exercise would be ongoing during the ittt b psi-Hbpeco R R
quarter. It takes very little time to test Fig 2: Design of a direct gain / shading Fig 3: Design of a direct gain / shading

a window with a shading system, but the system. system.
objective is to improve their performance
with each iteration, creating a form that is
architecturally integrated with the project
and performing correctly.

Degree of Difficulty

Easy. This work is suitable for second year
students.

References
www.ecotect.com
Mechanical and Electrical Equipment for

Buildings, 10th edition, by Stein, Reynolds,
Kwok and Gronzik published by Wiley, 2005.

S. Szokolay, Solar Geometry PLEA Notes 1,
Design Tools and Techniques, 1996.

Fig 4: Design of a residential direct gain Figure 2: Ryan Dayag Jeremy Brunnel
system with summer shading Fig 3: Greg Sagherian, Sandeesh Sidhu

Fig 4: Kim Black, Sarah Buck
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Daylight Analysis
Pablo La Roche
California State Polytechnic University Pomona

Fall 2007, 2008 graduate/undergraduate elective ‘Topics Studio’

Design/Performance Objective C SIveis

It is important to achieve a controlled
distribution of light inside a space. Adequate
illuminance levels should be provided while
eliminating glare. This exercise focuses

on achieving a major portion of this with
daylight.

Investigative Strategy

Illuminance is a measure of the illumination
of a surface and luminance is a measure

of brightness of a surface when looked at
from a given direction. Students must design
the fenestrations to achieve the necessary
illuminance levels while minimizing glare.
Students will use Ecotect and Radiance to
determine illuminance and luminance levels
inside the house. The objective is to ensure
sufficient illuminance with daylight without
excessive differences in illuminance values.

1.1. Students calculate interior illuminance Daytight Anaiysis
using Ecotect. The S| unit of illuminance e
is the lux, or lumen per square meter. In

the US, the foot-candle (fc), or lumen per
square foot is used (1 fc = 10.764 lux).
Students do a set of Initial calculations with
Ecotect to determine the daylight factor,
which is the ratio of indoor to outdoor
illuminance. This analysis gives a preliminary
idea of building performance under a
standard overcast sky. This calculation is
independent of climate data, so values will ] ;
not change with different dates or times. Daylight Factor: 0.5-18.0%
The only parameters that affect these
daylight factors are the geometry of the
design and the materials it is made off,
permitting to compare one option with
another. The analysis grid. llluminance
values can be obtained from Ecotect by
assigning a design sky value.

1.2. Additional illuminance calculations are
done with Ecotect and Radiance. The data
is exported to radiance and students used ummer - Living llluminance
contour lines to show illuminance values
in Lux or Fc. Radiance is used because it

Fig 1 (top): Daylight factor with Ecotect Daylight Analysis

provides the option to use weather files and 19 2 (middle left): Daylight factor with Students Name
generates results for specific days and hours. E_cotect . . . . Fig 1 (top): Charles Campanella, Serge Mayer
Fig 3 (middle right): Daylight Factor with ) .
. . Ecotect Fig 2 (middle left): Garrett Van Leuween
1.3. Luminance Calculations ; . . . ) ) . )
Luminance (L) is measured brightness. The Fig 4: llluminance with Radiance and Fig 3 (midle right): Don But, Megan Gorman
Ecotect Fig 4 (bottom): Alexandra Hernandez, Aireen Batungbakal

units of Luminance are candelas per square
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CND Design Studio Case Studies

foot (cd/ft2) or candelas per square meter
(cd/mt2). Students measured luminace using
a false color scale.

Evaluation Process

Students must provide enough daylight while
reducing glare. The students have to use
these images to improve the design of their
fenestration system.

Evaluative Criteria

The students must provide the required
illuminace levels (measured in Lux, Fc, or
daylight factor) for the activity according to
tables. Students had to achieve a minimum
2% DF in living rooms and bedrooms and

a minimum 4% DF in kitchens. Luminance
analysis must demonstrate reduced glare.

Cautions- Possible Confusions

Students must know that the daylight
calculations inside Ecotect assume a
standard overcast sky.

Students confuse illuminance with
luminance and the meaning of the colors in
the scale.

Duration of Exercise

The first iteration with ecotect and daylight
takes a very short time. Installing and
exporting to radiance takes more time. The
process can be explained in one class and
results can be discussed in the following
class.

Degree of Difficulty

The first iteration with Ecotect and daylight
is very easy and suitable for beginning
design students. Installing and exporting to
radiance is more difficult. It is helpful to use
Ecotect first because you get usable results
very fast.

References

http://ecotect.com/
http://radsite.lbl.gov/deskrad/

Mechanical and Electrical Equipment for
Buildings, 10th edition, by Stein, Reynolds,
Kwok and Gronzik, Wiley, 2006.

Daylight in Buildings. International Energy
Agency, 2000.

Architectural Lighting, Second Edition. M.
David Egan, Victor Olgyay. McGraw Hill, 2nd
Ed, 2002

Daylighting, Performance and Design, Gregg
Ander, 1995, Van Nostrand Reinhold.

Daylight Analysis (cont.)

Pablo La Roche

California Polytechnic State University

Fall 2007, 2008 graduate/undergraduate elective ‘Topics Studio’

Summer - Living

8. Simplified Design of Building Lighting
(Parker/Ambrose Series of Simplified Design
Guides), Marc Schiler, 1992)

Daylight Design of Buildings. Nick Baker and
Koen Steemers, James and James (2002)

Luminance

Luminance with Radiance and Ecotect
Charles Campanella, Serge Mayer,

Alexandra Hernandez,

Aireen Batungbakal

ZAIA
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Air Flow Analysis

Pablo La Roche
California State Polytechnic University Pomona

Fall 2007, 2008 graduate/undergraduate elective ‘Topics Studio’

Design/Performance Objective

CFD Analysia
B

Natural ventilation can be a very effective
cooling strategy. In hot and humid climates
it can provide evaporative cooling in our
skins. In hot and dry climates it can cool
the interior structure of the building which
would then act as a heat sink during the
day. If natural ventilation is desired then it
is necessary to determine how the air flows
through the space with the openings.

Investigative Strategy

Using Ecotect and Win Air determine the
pressures and direction of air movement
through different areas of the house. Layers
should be cut in different horizontal and
vertical layers to understand this pattern.
The model is analyzed inside Ecotect
exported to WinAir and then imported back
to Ecotect.

més
5.00+

If these digital tools are not available a
wind tunnel can be used. Simple tunnels
have been built by my students in different
courses from 2nd to 5th year.

This exercise introduces students to air
flow analysis and introduces the student
to the basic principles that will help him

understand how the air moves inside the CFD Air F|OW Rate: 0.0-5.0 m/s
space.

Evaluation Process

CFD analysis in key sections should indicate
adequate air movement through the spaces
when the windows are open.

Evaluative Criteria

If air movement is required this analysis
permits to determine if the air is moving as
expected.

Cautions- Possible Confusions.

References

Students should understand that they are

analyzing one direction and air velocity at ~ Www.ecotect.com

a time. http://www.cardiff.ac.uk/archi/asg_
about%20us.php

CFD Air Flow Rate: 0.0-5.0 m/s

Duration of Exercise i o o
Air Flow Analysis with winair and Ecotect
Two classes Greg Ladjimi, Don Bui and Megan Gorman,
Sarah Buck and Kim Black,
Marcos Garcia

Degree of Difficulty

Medium
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