
1. NZE High Performance School Prototype
Project Concept and Strategies
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2.6 billion gallons of water 
are used per year

500,000 meals were 
served per day from 2003-2004

total number of students 
at the LAUSD = 919,930

73.4% of the student
population are Latinos

76.5% of the students 
are eligible for free 
or reduced lunch

43.8% of the 
students are 
English learners

14,000 buildings

the LAUSD 
region covers 

710 square miles

LAUSD provides almost as 
twice as many meals 

as local McDonalds

47,300 teachers and
35,000 staff employees

Interior Flexibility Camaleonic Skin

Project Timeline

The chronology on the 
Prototype Design poster reflects 
major milestones in the 
development of the prototype 
prior and subsequent to the 
regional Holcim Awards 
competition.

20TH Century 21ST Century
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The Net Zero Energy (NZE) High-Performing School 
Prototype is an innovative learning environment that is a 
replicable model of sustainability.  The building comprises a 
readymade kit-of-parts assembled from components that 
are pre-manufactured off-site.  The NZE Prototype is a 
winning competition entry for the Los Angeles Unified 
School District (LAUSD) which the District plans to build on 
multiple campuses for various uses throughout Los Angeles. 

Project Description

Innovation and Transferability - Progress

The NZE K-12 High Performing School Prototype is a highly flexible design comprising two independent structural systems:  A 
pre-engineered metal building shell and a reconfigurable interior mezzanine.  As such it accommodates a variety of uses, spatial configurations, 
and site conditions.  The long-span steel structure is free of interior columns to allow maximum flexibility for interior space planning.  
Exterior cladding is non-structural allowing a variety of facade treatments and the use of moment and braced steel frames allow walls, doors, 
and windows to be placed free of structural constraints.  The size of the building can easily be adjusted by expanding or contracting the 
number of structural bays.  The NZE Prototype employs a construction process more akin to the industrialized production of manufactured 
goods.  All major building components are pre-fabricated off site, which expedites construction, reduces waste, and minimizes traffic.  Steel 
was chosen as the primary building material because of its high recycled content and potential for future recycling.

The NZE Prototype employs an innovative mixed-mode climate system that combines natural ventilation with efficient low-energy 
mechanical heating and cooling.  Both systems use the principals of displacement ventilation and thermal buoyancy, delivering air only to the 
occupied zone of the space, allowing warm air and contaminants to naturally rise and stratify at the top of the tall-ceilinged spaces and escape 
through ventilation chimneys to rooftop exhausts.  In either case the prototype is supplied with 100% outside air with no recirculation.  The 
displacement with induction active chilled beam system is significantly more energy efficient than a comparable forced air system, with lower 
maintenance and much greater longevity.  It is also more flexible and adaptable, acoustically superior, and provides much healthier indoor 
environmental quality.

The NZE Prototype utilizes innovative light and ventilation chimneys to bring daylight into the interior spaces and to drive natural ventilation.  
Ventilation is driven by thermal buoyancy: as warm air rises naturally through the chimneys it pulls cooler air in from the exterior windows.  
The chimneys also serve dual purpose as an exhaust system for the displacement induction active chilled beams during heating and cooling 
modes.  The chimneys are designed as a pre-manufactured system.  They are composed of stacking modules which allow them to adjust to 
varying heights.  The modules incorporate a rooftop parabolic skylight, spectrally reflective lining, motorized louvers, parabolic reflectors, 
light-directing glass, and airflow and daylight dampers.  

The NZE Prototype is designed for longevity, durability, and low-maintenance.  Building systems are exposed for easy maintenance, repair and 
replacement.  Materials are durable and multi-purpose to eliminate the need for secondary finishes.  For example polished concrete provides 
a durable and low-maintenance floor finish, while also comprising the structural slab, and exhibits good fire-resistive, acoustical, and thermal 
mass properties.  The perforated acoustical metal deck is another example of a structural element which also noise reduction properties that 
eliminates the need for an acoustical ceiling finish.

Ethical Standards and Social Equity - People

Many Los Angeles charter schools make do in converted storefronts and warehouses.  The NZE Prototype school will provide permanent 
facilities for low-income and minority populations.  The best charter schools inspire their students to excel. As architects, we strive to design 
to the same level of excellence and to create buildings that are themselves tools for teaching.  By designing healthy and sustainable schools 
we may help close the achievement gap and inspire better learning.

Beyond investing more in education we also need to create a new generation of manufacturing jobs to stimulate our economy and restore 
a path to social mobility that was lost with the decline in the old manufacturing sector.  The NZE Prototype strategy of using readymade 
kit-of-parts assembled from components that are pre-manufactured off-site aims to support and promote the development of a more highly 
trained and skilled construction workforce within the community.  Innovative design solutions like the NZE Prototype can push the regional 
green-tech economy forward and transition the construction industry away from a low-skill and low-pay labor workforce to a model focused 
on future-oriented globally-marketable skills and greater competitive advantage in the 21st century green economy.

The NZE Prototype design is the result of an open design competition held by the Los Angeles Unified School District.  This marked a 
departure for the District from business as usual and signaled a desire to explore new concepts and a willingness to reflect on the successes 
and failures of their past school building programs. The foremost goal of the current LAUSD Joint Use/Innovation Fund Program is to 
promote joint planning with community-based groups, local communities, non-profit organizations and public agencies that enhances school 
facilities and maximizes community use.

Environmental Quality and Resource Efficiency - Planet

The NZE Prototype will produce as much energy as it uses on an annual basis, harvest rainwater to offset demand on the municipal system, 
and incorporate materials that are resource efficient with low life cycle impacts on the environment such as recycled steel and low-carbon 
or carbon-negative cement.  It utilizes a mechanical system which is designed to be extremely low-maintenance, long-lived and flexible in 
addition to energy efficient.  The active chilled beam displacement ventilation with induction uses a highly efficient chilled and hot water 
distribution system with coils to condition room air temperature.  Air volume and velocity requirements are significantly lower in this type 
of system resulting in minimal duct sizes, lower fan power, excellent acoustics, and improved comfort as compared to a conventional ceiling 
supplied forced air system.  

Furthermore, the NZE Prototype is designed for sustainability throughout its entire life cycle.  It is designed to be assembled from 
pre-fabricated and factory-built components which reduces construction time, cost, and construction-related waste, traffic, and pollution.  
Factory based production also enables easier and more efficient recycling of surplus construction materials.  The building is designed for 
disassembly (via bolted connections rather than welded, floating concrete slab, minimal finishes, and modular kit of part components, for easy 
recycling or re-use of the structure at the end of the it’s useful life.

The NZE Prototype occupies a compact footprint and utilizes economical geometry and an efficient space plan.  Designed for LAUSD to be 
used on existing campuses and constricted urban sites the prototype is able to adapt to variable site restrictions and still optimize energy 
performance.  The solar skin which wraps the building can be customized to balance daylighting and heat gain where existing site constraints 
may prevent optimal solar orientation.  The NZE Prototype was designed in part to replace over 600 existing outdated portable classrooms 
in the district.  A prototype with 24 classrooms requires 1/3 the land area of the same number of portables.  When you take into account 
that portables currently occupy 30 acres (12 hec) of land across the district the prototype could potentially free up as many as 20 acres (8 
hec) for recreation or green space.

Economic Performance and Compatibility - Prosperity

The NZE Prototype employs several key strategies to ensure its economic feasibility.  The building form and geometry are deliberately simple.  
The design eschews grand architectural statements and instead focuses on the structural, programmatic and spatial flexibility within the 
shed-like enclosure.  Annual operation expenses will be reduced dramatically by the building’s net-zero-energy design.  The pre-engineered 
metal building shell is significantly cheaper than a conventional site-built structure.  And modular and repetitive component-based 
construction provides additional economy.

By focusing the design of the NZE Prototype on systems and performance, the discussion of building cost is shifted away from the short term 
cost of construction to life cycle cost which is a much truer measure of value, and a more responsible approach to allocating public money.  
We are also pursuing incentive funding for the project through California’s High Performance Incentive (HPI) program which awards grants 
to school designs that meet certain sustainability goals.  Estimated amount of $750,000 in HPI grant funding should significantly offset the cost 
of the photovoltaic system, a key component of the net-zero-energy strategy.

The NZE Prototype demonstrates thoughtful and intelligent use of the resources deployed in its construction due to its energy efficient 
operation, use of economical means of production and fabrication, and its ability to remain flexible to changing needs over time.   Moreover 
the implementation of a prototypical solution over multiple sites, vs. multiple solutions over multiple sites, is inherently more resource 
efficient.  

Context and Aesthetic Impact - Proficiency

The NZE Prototype is able to adapt to a variety of cultural and physical contexts, able to blend in or stand out from its surrounding 
environment, and able to change size according to site conditions and program requirements.The prototype is able to incorporate regionally 
appropriate materials, finishes and construction methods as needed.  The prototype design is essentially an assembly of systems with clear 
and distinct parts and purpose, with a menu of variable components, materials and finishes.  Within this menu a multitude of combinations of 
materiality, color, pattern, and texture can be designed to work within a particular regional, cultural and physical context.  

In the same way the prototype can be designed to blend in or stand out from an existing architectural, urban, or natural setting.  The 
chameleon-like solar skin, which is designed to respond to solar orientation and to control energy performance, can be customized in terms 
of transparency, horizontality and verticality, rhythm, and openings to create a desired aesthetic effect, and to compliment or differentiate 
itself in a given setting. The NZE prototype utilizes an efficient plan and compact footprint, and is also able to adapt in size to different site 
conditions and program requirements.  This allows the prototype to fit onto compact sites or reclaim open space on existing campuses by 
replacing less space-efficient buildings.  This is a particular advantage in a densely developed district like Los Angeles. 

The NZE Prototype is a high-performing and flexible design that can 
support a variety of spaces and uses and is adaptable to future 
changes in program, size, pedagogy, technology and operations.  The 
2-story 30,000SF Prototype can accommodate classrooms for up to 
500 students and may be customized and adapted to variety of site 
conditions.  With its sheer scale, challenges and complexity, the LAUSD 
is a perfect proving ground for the NZE Prototype method and its new 
technologies.  Under current global economic conditions, this period of 
funding challenges may serve as a fertile period of astute and 
strategic planning.

Since 1997, the LAUSD has undergone a $19.5 billion voter-approved 
transformation.  While the massive new-construction and 
modernization program added thousands of new seats, it did not, 
however, address the ever growing demand for charter school 
facilities or provide a permanent solution for replacing an aging stock 
of inefficient portable classrooms.  The use of the “kit of parts” 
approach offers a highly cost effective, delivery effective, sustainable 
effective and quality effective system to address the growing needs of 
the Charter School movement in the Los Angeles basin.  The compact 
nature of the NZE Prototype design responds directly to the overriding 
nature of compact sites inherent to the region’s real estate market 
while recapturing much needed open space.  Unlike its conventional 
one-off counterparts, the NZE Prototype design is not a singular 
building solution, but rather, a set of strategies for solving myriad 
needs for one of the most diversified K-12 systems in the United 
States.  

As pioneering Italian teacher and psychologist Loris Malaguzzi 
advocated, we believe in the power of environment as our third 
teacher.  Students learn best when they are actively involved in their 
education and when learning is based on life experience.  The 
Prototype design offers tremendous instructional opportunities as a 
physical learning and teaching tool.  In the face of global economic 
crisis, ever-increasing building costs, regulatory complexity, and 
ecological imperatives, we embrace R. Buckminster Fuller's maxim of 
doing the most with the least, which lies at the core of the Prototype 
design concept, and which we view as prerequisite to economical and 
sustainable design.  With great challenges and burden lie opportunities 
for change and innovation that can shape the future.  We have an 
opportunity to design and construct healthy, high performance, 
grid-neutral schools, to conserve resources, to educate stewards of 
our environment, and to build a greener economy.

Site Adaptation and Mass Customization

Building a Green Collar Economy

Towards Environmental Equity

Job Multipliers by Industry - USA

Shifting Construction Paradigm

The NZE High Performance School Prototype is a 
winning competition entry for the Los Angeles 
Unified School District (LAUSD) which the District 
intends to build on multiple campuses throughout 
Los Angeles to replace aging and inefficient 
portable classroom buildings and for various other 
uses.  Plans are currently in the design 
development phase and will be submitted for a 
special Pre-Check (PC) approval to California’s 
Division of State Architect (DSA) sometime in 2012.  
Once the PC documents have been approved, the 
prototype can be constructed on multiple 
campuses without each one needing to go 
through DSA’s arduous and lengthy approval 
process.  Only site adaptation drawings for each 
iteration will be required.  As a result the 
development time line and cost for each 
prototype will be significantly reduced vis-à-vis 
the District’s conventional development process.  
Construction of the first prototype is planned for 
2013.  

Project Update



2. Prototype Design
NZE High Performance School Prototype

Second Floor Plan

First Floor Plan

Building Area: 20,160 sq. ft.
Circulation Area: 33,300 sq. ft.
Site Area: 53,460 sq. ft.

Building Area: 16,100 sq. ft.
Circulation Area: 12,961 sq. ft.
Site Area: 29,160 sq. ft.

NZE Prototype

Typical LAUSD Portable Classroom 

LAX

Harbor Gateway
A 20-mile connection between the port 
of Los Angeles to the transcontinental 
rail network east of downtown L.A.

‘Park-Poor’
L.A. has fewer parks per person than
the national average with low-income 
areas having lower levels of park access. 
We find opportunity in this problem by
adding value to schools sites with much
needed park and recreation space.

Environment
L.A.’s semi-arid climate produces mild 

temperatures and low precipitation with
significant variations from the coast on inland

and from the southern to the northern edges. 
Local climates vary significantly however 

by about 10 -20  f. and 6-7” of rainfall. 

 2,000 persons / sq. mi.
  $100,000 median income

Among the lowest densities for L.A.

 20,000 persons / sq. mi.
$25,000  $50,000 median income

Among the highest densities for L.A.
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Climate System

i

Interior “Mezzanine”
& Partition Walls

iii

iv

Exoskeleton
Vertical Circulation

Plumbing and Electrical
Fire Wall

Exterior Shell
Windows and Doors

ii

39%

29%

33%

23%
Over $18 Billion
in cuts since 2008{ 

PACIFIC OCEAN

Complex Ecologies of 
the Los Angeles Unified School District

Sprawl & the Heat Island
Since the 1940s L.A. has seen it’s 

temperatures rise by about 1  per decade.  
Sprawling neighborhoods play a significant 
role  adding miles of asphalt, cars and hot 
roofs.  As a result greater energy demand 

for cooling leads to regular brown outs.

Income & Density
L.A. has developed diversely in terms
of income and density. Schools have

struggled to overcome this in terms of
equity in class size and facilities.

Cultural Diversity
224 different languages have been 
identified to be spoken throughout Los 
Angeles County.  The LAUSD alone has 
identified 92 languages to be spoken 
among students.

Smog
L.A. is well know for its smoggy skies. 
It’s distribution however is not uniform, 
greater levels are found in inland 
communities pushed up against L.A.’s 
busiest freeways, and heaviest polluting 
industries like those in east L.A.

Clean Tech.
The city desires transformation of its 
former industrial core into a model for 
sustainable development in ‘clean tech.’ 
manufacturing.  

Classroom

Flexible Classroom

Science Room

Restroom 

Custodian

Corridor/ Hallway

Entry Lobby

Administration

Principal

Conference

Main Distribution Frame

PV electric room Main 

Electrical Room

Electrical Panel

Tubular Skylight Above

Seating

Open Classroom

Multipurpose Room

Kitchen

Counseling/ Resource

Gallery

Media Room

Art Room

2hr Firewall
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Gross Building Area:   31,600 sf
Walls, Shafts, open area: 3,695 sf

Net Building Area:  27,905 sf

Program Provided:
16 General Classrooms     
2 Flexible Classrooms  including 
     -1 storage/workroom  
2 Chemistry Labs including 
     -1 prep/storage
     -Small Administration (e.g. offices,  
      waiting area, clerical workstations) 
     -Support Services (e.g. restrooms,
      custodial storage, misc. storage)

  

The flexibility of the prototype comprises 4 systems at work:

i

ii

iii

iv

Exoskeleton, Vertical Circulation, Plumbing and Electrical 
For economy and maximum adaptability a fixed system of the exterior building 
frame, stairs, elevator, plumbing, electrical and firewall.  The system remains 
consistent throughout the different plan configurations.

Exterior Shell, Windows, & Doors
To enable multiple options and combinations in the design of the façade and 
exterior appearance of the building variable type, finish and color of wall panels; 
and variable type, size and location of exterior vision windows and doors. 
Skylights, clerestory windows, ventilation windows and roof monitors remain 
consistent throughout the different plan configurations.

Interior “Mezzanine” and Partition Walls
To accommodate multiple uses and space requirements – variable mezzanine 
configuration and non-structural, de-mountable interior partition walls.

Climate System
To maintain high energy efficiency and a high level of natural daylighting and 
ventilation – fixed skylight and ventilation shafts, roof monitors, lightshelves, PV 
Panels, Solar absorption tubes for hot water for radiant space heating, PCM 
heating and cooling units.  Panelized solar skin is customizable for different site 
conditions and solar orientations with panels of different material, density, and 
directionality. 

Project Background 

With its sheer scale, challenges and complexity, the Los Angeles 
Unified School District is a perfect proving ground to test the 
prototype method and its new technologies for a high-performance 
school building of the future. While the District’s ability to access 
local and state bond funds is limited as a result of the global 
economic crisis, this period of funding challenges might serve as a 
fertile period of astute and strategic planning.

The Los Angeles Unified School District - the second largest school district in the U.S. - enrolls 919,930 
students and whose district boundaries cover approximately 700 square miles. With an operating 
budget of $6.95 billion it manages about 1,235 schools, employs more than 45,000 teachers and 35,000 
other district staff.  The District operates 75 million square feet of building and spends $85 million on 
electricity annually.  As a result of the current global economic crisis, the District is faced with the task 
of closing a $408 million budget deficit for the 2011-2012 school year.  

The United States continues to face an unprecedented crisis in education.  Scores in reading , math and 
the sciences continue to fall below similarly industrialized nations while spending on public education 
is only 5.5% of GDP – 43rd amongst the world’s nations.

In California, spending on education has been cut by over $18 
billion since 2008 while 75% of the current stock of 
classrooms are over 25 years old and in desperate need of 
modernization or replacement. Spending per pupil and 

student scores in reading, math and sciences continue to fall below the national 
average. More than ever innovative classroom design solutions are needed to 
address these economic and educational challenges. 

Since 1997, 4 voter approved local bonds provided approximately $13 billion for 
the New School Construction and Modernization Program to add thousands of 
new seats to address schools with multi-track academic calendars and end forced 
bussing in the Los Angeles Unified School District.  The program did not, however, 
address the ever growing demand for charter school facilities or provide a 
permanent solution for replacing inventory of portable classrooms that currently 
occupy 30 acres of asphalt paving.

So in 2008, voters approved another $7 billion bond in recognition of these needs.  In preparation for 
the new bond program, the LAUSD began a comprehensive survey and planning effort of all school 
facilities as well as issuing a request for design entries for a prototypical classroom building.  The 
requirement was for a prototypical classroom solution that could be replicated and site adapted to 
multiple campuses and multiple uses.  
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WORLD ARCHITECTURE REVIEW
SPECIAL ISSUE ON SLO

154

The well-known architectural journal in China, 
World Architecture Review is dedicating the 
June 2012 issue to the work of our office & 
highlighting the NZE prototype school project.  
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USER GUIDE
“UNDERSTANDING THE FEATURES &

BENEFITS OF YOUR SCHOOL BUILDING”

USER GUIDE
“UNDERSTANDING THE FEATURES &
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Phase 1: LAUSD 
Competition

SLO is short listed with 
three other firms to compete 
in phase II of the competition

Phase II: LAUSD 
Competition

SLO’s winning entry is 
selected for development 

and construction.

100% Construction 
Documents 

Submitted to the DSA 
for PC Approval

1st Prototype 
Constructed On 

LAUSD Site Bond Measure Q 
Funds Become Available

Obtain DSA PC # Construction Begins 
On Multiple Campus’ for 

Multiple Uses

 NZE School User Guide

DSA Approval 
for 1st Prototype 

Production / Mass 
Customization 

Site Adaptation on 
Multiple Campuses for 

Multiple Uses

Post-Occupancy 
Evaluation and M+O 
Training and 

Begin 
Construction

Holcim 
Regional 

Submission

Contract signed 
with the LAUSD

Design variations & 
site adaptation through 

parametric design

Preliminary DSA Approval
for Structural Design

Preliminary Approval 
from M+O Department

Building component 
development using BIM 
with consulting engineers

100% Design Development 
Submitted to the DSA

Collaboration with 
pre-engineered metal 
building manufacturer for 
mass customization.

Ju
ne

Genetic Algorithmic 
Research with team from 

U.S.C. for evaluating building 
performance and cost.

Site Studies
Conducted  preliminary site 

analysis to identify the location 
for building the first prototype

Stakeholder Meetings
establishing new design, 
performance, M+O criteria.

Presentation at National School Board 
Association Conference, Boston, USA

1.

Presented at The Green California
Schools Summit, Pasadena, CA, USA

1.

Presentation at California Charter School 
Association Annual Conference, Sacramento, 
CA, USA

2.
4.

2. 3.

4.
5.



Step 6: Choose Design Scenario

3. Site Adaptation
NZE High Performance School Prototype

Parametric Site Adaptation Studies
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Restroom 
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Corridor/ Hallway

Entry Lobby
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Conference

Main Distribution Frame

PV electric room

Main Electrical Room

Electrical Panel

Tubular Skylight Above

Seating

Open Classroom

Multipurpose Room

Kitchen

Counseling/ Resource

Gallery

Media Room

Art Room

Elevator

Nurse

Offices

Library

- 8 bays
- Paired grade classrooms from Kindergarten to grade 
5
- Informal gathering space at entry lobby
- Cement plaster, white 
Perforated  corrugated metal solar skin

20. 20. 20.

22.

25.
10.

1. 1.

8.

7.7.

- 7 bays
- Paired grade specific classrooms from Kindergarten 
to grade 5
- Informal gathering space at entry lobby
- Cement plaster, white 
Perforated  corrugated metal solar skin
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- 7 bays
- Paired grade specific classrooms from 
Kindergarten to grade 5
- Informal gathering space at entry lobby
- Cement plaster, white 
Perforated  corrugated metal solar skin

Second Floor 

First Floor 

South Elevation

K-5 Primary School 

Variation B

7
N

- 7 bays
- Paired grade specific classrooms from Kindergarten 
to grade 5
- Informal gathering space at entry lobby
- Cement plaster, white 
Perforated  corrugated metal solar skin
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First Floor 

Second Floor 

Library/ Media Center 

Variation E

East Elevation

6
N

14.
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5.

4. 4.
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1. 1. 1.

1.

First Floor 

Second Floor 

Community Center
Variation C

North Elevation
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3. 3.

14.
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14.

17.

6. 6.
5.

4.4.

4.

1.1.1.

1.

Second Floor 

First Floor 

- 7 bays
- Paired grade specific classrooms from 
Kindergarten to grade 5
- Informal gathering space at entry lobby
- Cement plaster, white 
Perforated  corrugated metal solar skin

South Elevation

Multipurpose Room with Food Services

Variation A
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Swift Lee Office is working with researchers at the 
University of Southern California School of 
Architecture to develop the design of the NZE 
Prototype using new parametric modelling software 
they are currently developing.  The software, called  
H.D.S. Beagle 1.0, is being developed as a plug-in for 
Autodesk® Revit™ to integrate design 
development, energy performance, and cost analysis.  
Beagle uses parameterization, automation, and 
evolutionary algorithms and integrates Autodesk® 
Revit™, Autodesk® Green Building Studio™, and 
Microsoft® Excel™.  The current research for Swift 
Lee Office involves exploring parametric site 
adaptation strategies to obtain energy and cost 
performance feedback using Beagle. Comparison of alternatives for different orientation of the building. Items such as daylighting and natural 

ventilation have been incorporated in the model to finalize the energy study when the basis orientation 
of the energy model is east.
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4. Interior and Programmatic Flexibility
NZE High Performance School Prototype

7:40 AM 
Before School

10:30 AM
Between classes

1:30 PM
Open Classroom

8:45 AM 
In Class 

D
ay

lig
ht

 S
tu

di
es

West Section

Longitudinal Section
5 15 35

Environmental Render

3:30 PM 
After school programs in session      

Fin. 2nd Floor

13’-0”     

T.O. Solar Skin

13’-0”     

Fin. 1st Floor

0’-0”     

27’-0”     

Transverse Section

T.O. Solar Skin

29’-0”     

T.O. Eavestrut

27’-0”     

Fin. 1st Floor

0’-0”     

As pioneering Italian teacher and 
psychologist Loris Malaguzzi advocated, 
we believe in the power of environment 
as THE THIRD TEACHER.  

Energy and resource efficiency are addressed in every aspect of 
the NZE Prototype’s design providing a tool for disseminating 
knowledge and teaching students about concrete ways that we 
can build better to sustain our environment.  We are challenged 
to change the prevailing historic mindset about energy and 
resources from one of abundance and consumption to one of 
scarcity and conservation, and to raise consciousness about 
appropriate equity and balance in the global flow of energy and 
resources.  We see the NZE Prototype as one opportunity to 
affect this change by raising the awareness and expectations of 
students at an early age.  



5. Solar Skin 
NZE High Performance School Prototype

5.3.

8.4.

7.

6.

1.

2.

Stepped Seating
Flexible gathering space.

Roof Monitor
Provides daylight and natural 

ventilation with minimal solar 
heat gain. 

Vertical Sun Tunnel + 
Ventilation Chimney
Prismatic skylight plus highly reflective 
sun tunnel direct maximum daylight to 
1st floor. Warm air rises naturally and 
exits through rooftop louvers, drawing 
fresh air in perimeter windows.

Phase Change Material (PCM) 
Heating + Cooling Unit
PCM Units deliver conditioned 100% 
outside air at floor level and at low 
velocity without the use of refrigerants.

Interior wall 
Light gauge metal framing, 
demountable gypsum wall 
board and batt insulation 

Exterior Wall
Insulated metal wall panels 
allow for quick installation, 
high R-value, and a variety of 
custom colors and patterns. 
Cement plaster and other 
wall finishes are also possible.

Windows and Doors
High performance doors + 
windows maximize day 
lighting and minimize 
unwanted heat loss / gain. 
Exterior wall is non-structural 
to allow for flexible placement 
of openings.

Light shelf
Shades windows from direct 
solar rays and reflects 
daylight deeper into the 
room.

Vertical Solar Shade
Used on East and West 
orientations to control 
sunlight. Structural Support

Steel armature supports 
modular panels.

Solar Shading Skin/ Panel
Comprises a system of 
modular panels. 
Customizable based on view. 
Solar orientation, security, 
privacy, noise, and other 
environmental factors.

Skylight / Ventilation
Prismatic skylight combined 
with ventilation louvers 
provides daylight and air 
exhaust.

Photovoltaic Panels
P.V. Panels are designed to 
generate as much or more 
energy as the building uses 
during the course of a year 
to achieve Net Zero Energy 
usage.

Rain Water Collection
Rain water is harvested from 
roof for grey water and 
landscape irrigation use.

Modular Panel Options
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Exterior Fabric Sunshade

Corrugated Perforated Metal
Garden Planter

Perforated Light Shelf

Vertical Garden Wall

Fiber Glass/ Metal 

Perforated Metal

Horizontal Louvers

View of garden planter as a part of the active learning wall

‘Solar Skin’ maximizes natural light and reduces heating 
or cooling demand:
• The heating and cooling energy demand for the building can be reduced by first eliminating, or 
minimizing, the need for heating and cooling, and second by installing a heating and cooling system 
that requires the minimum energy input for the given heating or cooling demand.
•  The first aspect of energy conservation is addressed by designing the building envelope with the 
principles of passive heating and cooling in mind.
• The solar screen, in combination with double glazed window units, provides the maximum amount 
of natural light to the spaces and, at the same time, minimizes the heat loss or gain. In colder periods 
the use of solar radiation for heating is controlled through the site responsive design of the ‘solar 
skin’ and building orientation. Similarly, solar radiation is blocked as a source of heat gain while in 
summer. 
• This design has captured the opportunity for low energy comfort cooling and high indoor air 
quality by careful attention to ceiling height to floor plate ratio and operable fenestrations to make 
use of thermal buoyancy to drive natural ventilation. Natural ventilation flow is facilitated through 
tangential external walls, high and low level fenestration and venting skylights. To supplement airflow 
when needed, fans in the PCM units can be run to facilitate air movement through the space. 

The solar skin is a modular panelized system that may be customized for different site conditions and solar 
orientations using panels of different material, aperture, and directionality.  The solar skin plays multiple roles:

The solar skin represents the 
integration of performance, form, and 
fabrication. Using an algorithm based 
parametric modeling design process 
the panels can be mass-customized 
and each adaptation will result in a 
unique and site responsive design. The 
interchangeable panels will act as a 
daylight control, a thermal, acoustical, 
and privacy buffer, and/or an active 
learning wall. The panels may be made 
from a variety of suitable materials.

1.
2.

3.
4.

5.
6.

7.
8.

• Natural daylighting and solar shading
• Creates a thermal buffer of warm air that drives natural ventilation in the 
summer and prevents heat loss in winter.
•A Privacy and security screen

•A vertical landscape element
•An acoustical screen
• An educational tool and active learning wall

Parametric Script

Initial Image Studies Screen Implementation
 

Crumpled Paper Clouds Foliage

Square Perf. Circular Perf. Wire Fabric 

Mass Customization Solar Skin Facade Variation

Graphic printed on facade + 
uniform pattern on solar screen 

Solar facade + graphics printed 
on solar screen

Solid facade + text
integrated into solar screen

Solid facade + large graphic 
integrated into solar screen



8:00 am

10:00 am

12:00 pm

 3:00 pm

 

13. 19.

21.

8.

22

22

5.

6.

2.

3.

15.

16.

20.

14.

10. 9.
4.

20.

8.
7.

1.

18.

12.

11.

17.

2.

control 
unit

Ventilation 
conditions 
indicator lights OSA temp 

sensor

Window open/closed
switch

trol

Light is naturally reflected 
through the roof monitor to 
maximize day lighting and 
minimize solar heat gain.
Motorized operable windows 
provide natural ventilation

Vertical Sun Tunnel + Ventilation 
Chimney: Prismatic Skylight plus 
highly refective sun tunnel direct 
maximum day light to first floor. 
Warm air exhausts through 
louvers, drawing fresh air in 
perimeter windows.

Electrically 
dimmable 
daylight shaft

Phase change material heating 
+ cooling units deliver 
conditioned 100% outside air 
at floor level and at a low 
velocity without the use of 
refrigerants.

Thermal buoyancy takes place when the 
cool air encounters a heat source such 
as a person or equipment. The air 
warms and rises around the 
heat source and is 
exhausted near the 
ceiling openings.

Modeled 
Energy Use

5.490  kWh/sf-yr

Total Energy Use

5.605  kWh/sf-yr

Renewable Energy Supply

0.115 kWh/sf-yr

Net Energy Use

ACTIVE SYSTEMS: 
•Minimum energy Phase Change Material (PCM) units for cooling
          -Modular heating and cooling unit &
           supplementing air flow for 
           natural air movement
          -Individual controllability
          -Low maintenance
          -Easy Renovation 
•Radiant floor slab heating @ lobby and administration area
•Little or no ventilation ductwork
          -Improve     
          -More efficient
          -Material cost savings
•Improved I.A.Q
•PV Clips to standing seam roof, no penetrations
        -Standing seam metal roof is a long life
         low maintenance roof which minimizes
         need to remove PV Panels
•Demand management of water:
       -Low flow water fixtures
       -Waterless urinals
       -Dual flush toilets
       -Drought resistant landscaping
•Building management system: Redundant linked automation of day light and 
temperature optimization  with individual controllability IV
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PASSIVE SYSTEMS:
•Compact and efficient building form and minimal footprint 
•“Solar Skin”:  Passive solar design
     -Solar heat gain controlled 
     -Solar heat admitted during winter 
     -Interior and exterior light shelves 
     -Exterior sunshades (horizontal  and 
      vertical) 
     -Solar control
     -Noise control
     -View control
     -Landscape wall
•Displacement ventilation:  Energy efficient, low velocity, 100% O.A. & improved 
indoor air quality (IAQ)
•Thermal buoyancy driving natural ventilation through tangential external walls, 
high & low level fenestration and operable skylights 
•High ceiling to floor plate ratio = low energy comfort cooling and high I.A.Q
•Design for disassembly

1
2
3
4
5
6
7
8
9
10
11
12
13
15
16

Passive 
 Day lighting with minimum glare

 Natural ventilation

 Solar skin

 Solar access with large roof area

 Displacement ventilation, improved IAQ

 Thermal buoyancy

 Operable high and low fenestration

 Thermal mass, exposed concrete slab

 Louvers exhaust heated air

 Electrically Dimmable Prismatic skylights

 Vertical sun tunnels and Ventilation chimney

 Interior clerestory windows for borrowed day lighting 

 High R-value roof and wall insulation

 High ceiling to floor plate

 Double exterior wall with 8” air space

Rainwater Collection
Total Area: 15,900 sq. ft.
Average Annual Precipitation: 15 in.
Collection Efficiency: 85%
Total Annual Collection: 126,358 gal.

PV Panels
Total Area: 9,825 sq. ft.
Total Annual Output: 177,118 kWh 

Low Flow Fixtures

Cistern

Cool Roof

Pressure Pump
& UV Filter

Dual Supply Line
to Restrooms
Municipal Line (Potable)
Cistern Line (Non-Potable)Pre-treatment

Filter & Pump
Roof Washer Box

400

500

600

700

200

100

0

300

300020001000 3000 4000

California Aqueduct

Los Angeles Aqueduct

Colorado River Aqueduct

Length - 701.5 mi.
Max Elevation - 3200 ft.

Energy Intensity - 3000 kWh/a.f.

Length - 419 mi.
Max Elevation - 3,600 ft.

Energy Intensity - 0 kWh/a.f.

Length - 242 mi.
Max Elevation - 1800 ft.

Energy Intensity - 2000 kWh/AF

Snow Pack Storage
15 Million Acre Feet
1950 - 2000 Average

25% Reduction
4.5 Million Acre Feet
By 2050

Los Angeles
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Rainwater Volume

Total Annual Volume

Total Annual Demand (Gal.)

81% Less Water
For Toilets & Urinals

17
18
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23

Active
 Cool roof

 Phase Change Material heating + cooling units

 Solar water heater for radiant heating

 PV panels

 Daylight dimming and occupancy sensors

 High efficiency lighting fixtures

 Motorized Damper for ventilation control

Typical Title 24 Building

NZE Prototype

NZE Prototype with 
Cistern Storage Capacity

18.82k BTU/sf

Design Case
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46.3k BTU/sf

Base Case (Department
of Education)

Base Case (Department
of Education)

Design Case

 

 SS: Sites

WE: Water

EA: Energy

MR: Materials

EQ: Indoors

ID: Innovation

RP: Regional

LEED Scores
LEED for School Platinum Design

14/24

31/33

11/11

7/13

18/19

5/6

4/4

CHPS Scores: 108/ 116

Leadership, Education and Innovation

Sustainable Sites

Energy

Climate

Materials and Waste Management

Indoor Environmental Quality

Water

13/13

9/9

29/29

8/8

13/18

24/ 25

14/14

 

Energy

Materials

Indoor Environmental Quality

DSA High Performance Incentive 
(HPI) Scores: 74/75

Sustainable Sites

Water

14/14

24/ 24

12/ 12

19/ 20

5/5

Elementary    Middle         High          Non- Severe    Severe
$450, 347 $467, 281 $467, 281 $846, 178 $1,265, 292Q

Potential HPI Grant Allowance

Heating

Cooling

Lighting

Equipment

Fans

Pumps

Heat Rejection

1%

40%

10%

31%

14%

1%

3% 18%

64%

12%
6%
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Net Zero Energy Design Strategies
NZE High Performance School Prototype6.

The NZE High-Performance Prototype school 
is a building that is a net zero energy 
consumer that generates as much energy as 
it uses over the course of a year; a 59% more 
efficient user of water from standard 
practice; recycles grey water; collects 
126,358 gallons of rain water annually; a 
school that effectively minimizes waste in its 
construction and operation; and a model for 
environmental science education.

2000
34.1 Million

2050
59.5 Million

0 - 30%

30 - 500%

Solar Access > 5 kWh / m2 / day

Population Growth

Fresh Water Withdrawals 
Available Precipitation 

CALIFORNIA
POPULATION

GROWTH

In the U.S., buildings represent the highest energy-consuming and carbon-emitting sector.  As new 
buildings are constructed faster than the old buildings retire, the energy used by the building sector 
continues to rise.  According to studies by U.S. Department of Energy, electricity consumption in the 
commercial building sector doubled between 1980 and 2003, and is expected to increase another 50% 
by 2025.
The EUI of the NZE Prototype building design is 18.82 kBtu/sq.ft., which is 59% of that of a DOE 
(Department of Energy) Reference Building. 
The approach to reducing energy consumption in our design is as follows:
• Minimize the need for energy consumption; 
• Provide technological solutions which deliver/convert energy in the most efficient and economically 
feasible way;
• Use renewable energy where technically and economically feasible.

NZE and the Water / Energy Nexus
Water and energy are mutually dependent resources - it takes large 
amounts of water to produce energy and large amounts of energy 
to deliver potable water - one must be taken into consideration for 
the sustainable management of the other:

Fossil fuels, nuclear energy and coal make up over 90% of the U.S. energy portfolio and as a whole is 
one of the largest consumers of freshwater, second only to agriculture accounting for over 40% of all 
daily freshwater withdrawals in the nation.  Similarly, water extraction, conveyance, treatment and 
delivery of potable water requires large amounts energy - electricity represents about 80% of the cost 
of municipal water processing and distribution.  With water scarcity already an issue in many parts of 
the U.S. and the World, population growth will further pressure these two industries into competition 
for scarce resources.  

The arid, south-western U.S. is particularly challenged at providing reliable, abundant and predictable 
sources of water: by 2050 the region is expected to see populations grow by over 50% while its 
freshwater resources in the north are expected to continue to dwindle.  The majority of the regions 
potable water, which is pumped from hundreds of miles away via centralized, energy-intensive water 
infrastructure, will only become more expensive as water becomes scarcer.  Los Angeles, whose 
primary source of water comes from northern snow smelt in the Sierra Nevada Mountains, will be 
forced to become more water and energy efficient as snow packs are predicted to be reduced by over 
25% by mid-century.
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Modular Components

Component Design

Learning About Your School
We envision each child receiving a NZE User Guide “Understanding 
the Features & Benefits of Your School” on the first day of school.

The NZE Prototype employs a construction process more akin to the industrialized production of 
manufactured goods.  The design utilizes repetitive and modular components in a kit-of-parts fashion.  
These components can be pre-engineered and factory-built for greater efficiencies and significant 
reductions in time, cost, and construction related traffic, waste and pollution, as compared to a 
conventional site built project.  The use of factory-built components in the NZE Prototype has another 
aim as well which is to provide opportunities for revitalizing the regional manufacturing industry and 
supporting the creation of more highly skilled construction jobs focused on green-tech.

Buildings, like cars, should come with a user guide.  In tandem with the development 

of the first prototype we are planning the NZE High Performance School Prototype 

User Guide.  Aimed at the building’s main users, students, the guide is conceived as 

a text book in graphic novel format.  Part sustainable design treatise, the guide will 

present the concepts, technologies, and strategies behind the NZE Prototype in a 

way that is engaging, age-appropriate and highly educational.  The User Guide will be 

an opportunity for students to learn first hand about sustainable design and will 

serve as an accessible means to disseminate knowledge about the pragmatic 

strategies for resource and energy efficiency demonstrated in the NZE Prototype.

Cabinet designed to house AV 
equipment and classroom 
supplies

Storage Cabinet

Motorized insulated glass louvers 
are dual purposed. They allow for  
both ventilation and daylighting.

Glass Louvers

Prismatic domed skylight

Skylight

Highly reflective louver blades are 
motorized to either allow or 
prevent natural daylight         into 
classrooms

Daylight Dimming

Spectrally reflective lining 
bounces daylight down to first 
floor classrooms.

Reflective Panels

A pre-manufactures system 
composed of stacking modules.

Modular Construction

Insulated shaft wall
Shaft Wall

Parabolic reflector
Parabolic Reflector

Prismatic or laser-etched glass 
direct light into classroom.

Light Directing Glass

Building & Testing the First Prototype

The NZE Prototype utilizes innovative light and ventilation chimneys to bring daylight into the interior 
spaces and to drive natural ventilation.  Ventilation is driven by thermal buoyancy: as warm air rises 
naturally through the chimneys it pulls cooler air in from the exterior windows.  The chimneys also serve 
dual purpose as an exhaust system for the displacement induction active chilled beams during heating and 
cooling modes.  The chimneys are designed as a pre-manufactured system.  They are composed of 
stacking modules which allow them to adjust to varying heights.  

The first Prototype, which is scheduled to be built for LAUSD in 2013, will serve as a test-bed to 
evaluate the Prototype’s innovative design strategies and building systems prior to the launch of its 
implementation on a wide scale.   This will provide us with an opportunity to commission the building 
and to verify that mechanical and energy systems are properly calibrated and operating at full efficiency.  
It will afford us the time to train and educate the building occupants and maintenance and operations 
personnel for “there is no such thing as a net-zero energy building, only net-zero energy users.”  
Measuring and verifying how the building’s actual performance compare to the projected energy 
savings modeled during the design phase will produce invaluable data.  Finally, the District can conduct 
post-occupancy evaluation through observation and occupant survey, and interview to study how well 
the building is or is not serving its intended purpose.  

Ventilation & Daylight Chimney 

Creates a double facade for solar, 
acoustical, and environmental 
control. Customized to adapt to 
different climatic, solar orientation, 
and site conditions to optimize 
energy performance.

Solar Skin

Modular Stair Unit

Durable abuse resistant & 
available in many colors.

Open classrooms provide opportunity 
for informal learning.

Cement Board Rain 
Screen Wall System

Window types and standardized for 
economy. Clearstory windows 
provide abundant daylighting and 
are separated from vision windows.

Standardized 
Windows

Roof down Spout  connects to 
the rain water storage system

Down Spout

• Low carbon or carbon negative cement
• Polished concrete finish floor
• High durability and very low maintenance

Concrete Slab & Foundations

Factory-built long span steel structure is free of 
interior columns for flexible interior space 
planning, Moment and brace frames allow walls 
and openings to be placed freely.

Pre-Engineered Metal Building Frame

Steel mezzanine is structurally 
independent from the exterior 
building frame for flexible space 
planning. Bolted connections permit 
alterations & disassembly. 

Modular Mezzanine  
Structure

Panelized teaching wall system 
comes pre-assembled with white 
board, structure, conduits and 
doors for easy site assembly.

Teaching Wall

Low-energy, healthy indoor air 
quality, flexible, excellent acoustic 
performance.

Displacement Induction 
Active Chilled Beams

One classroom to be Equipped with 
very low energy refrigerant free 
heating + cooling units for 
evaluation and comparison to 
chilled beams.

Phase Change Material

Floor structure combines thermal mass 
with acoustical properties. Floating slab 
permits disassembly for alterations or end 
of life recycling.

Mtl. Deck With Floating 
Concrete Slab

Simultaneously Provides natural 
daylight and ventilation to 
interior of building.

Natural Daylight & 
Ventilation Chimney

Saves wire and conduit and can 
easily be relocated to permit 
furniture changes

Wireless Lighting 
Controls

Restrooms, elevators and mechanical 
rooms are all centrally located to 
allow for optimal service and 
circulation. Pre-piped for gray water.

Fixed Plumbing & 
Service Core

Part of the Pre-engineered metal 
building system. High in ‘R’ value and 
easy installation. Non-Structural for 
flexible door and window placement. 
• Customizable silk-screen pattern

Insulated Metal Panels

P.V. Panels Clip onto standing 
seam roof 

Mtl. Stand Seam Roof / 
P.V. Panels

Captures sunlight even at low 
angles.

Prismatic Domed 
Skylight

Flexible Teaching Space

Solar Tube

Photovoltaic Panels

Domed Skylight

Light / Ventilation Shaft

Solar Skin Module

Classroom Vent

Modular Mezzanine 

Interior Stair Module

Open Classroom Seating

Restroom Vanity Module

Restroom Module

Exterior Stair Module

P.E.M.B.F.

Insulated Metal Panel

Sliding Door Assembly

Door Assembly 1

Exterior Window Module

Clear Story Module

Door Assembly 2

Cabinet

Deak Assembly

Perforated Ceiling Panel

Teaching Wall

Acoustic Ceiling Sculpture

7. Prototype Components 
NZE High Performance School Prototype


