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Introduction to the GBT Resource Guide

College of Architecture and Planning, University of Colorado Denver
Instructor: Fred Andreas, AIA, Assistant Professor Adjunct

Greenbuilding Technology Resource Guide

This Resource Guide provides an in depth analysis of Zero Net Energy strategies and technologies. 
The topics covered in the guide serve as a valuable resource for architects, engineers, designers, 
builders, clients, and students interested in understanding and utilizing these concepts and systems. 
The ZNE Guide is the fourth volume in a continuing research, documentation, and development guide 
of green building materials and systems and follows Green Materials (Vol.1), Green Systems (Vol.2), 
and Residential (Vol.3). This volume focuses on cutting edge technology, research, and trends show-
casing zero net energy building strategies.The format of the guide was based on Transmaterial, a 
catalog of materials, products and processes that redefi ne the physical environment, developed by 
Blaine Brownell http://transstudio.com.

Overview

This Resource Guide was developed during the spring terms of 2009 and 2010 at the University of 
Colorado’s College of Architecture and Planning. It is a compilation of work by 24 graduate students 
in the Green Building Technology Seminar. This seminar is an upper level graduate seminar focused 
on the examination and research of the latest cutting edge technology and data available on high tech 
green systems and materials. The information contained in this guide covers topics such as smart 
grids, building automated systems, and building integrated energy generation. This guide is a con-
tinuation of previous geenbuilding technology guides developed in the same seminar from previous 
years. it respresents an ongoing and continuous body of work concerning greenbuilding technology, 
cutting edge research and the architectural applications of such technologies.

The Green Building Tech Course

The seminar investigated alternative, greenbuilding approaches that include all aspects of greenbuild-
ing design, including materials, equipment, systems, methods, resources, and cutting edge research. 
Students formed groups of 2-3. Each group explored a specifi c topic on green building systems. The 
focus here is not only on the systems themselves, but also on how the systems can be integrated into 
architectural design. Exploration methods included research, fi eld trips, interviews (with researchers, 
manufacturers, experts, etc. ). Research focused on the latest information availbale and had an em-
phasis on the most cutting edge technology.
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User Guide

Format

The goal of the GBT guide is to bridge disciplines and expertise into one concise source. As there are 
many aspects to any one particular topic, the organization here relies on the formatting accompanied 
by succinct descriptions to educate the reader on the fundamentals of greenbuilding. The format was 
designed to act as a quick and easy way of communicating the basic “need to know” information with 
further ways to research and explore the topics within. For example, what does the designer need 
to know about the subject or technology before he or she starts thinking about considering using it. 
And on the other hand how can they (the designer) convey that information back to the contractors, 
developers, and municipal leaders. It aims to demonstrate an unbiased look at greenbuilding materi-
als and related technologies by presenting facts and acting as an educational tool. It can be seen as 
falling somewhere between the two spectrums of the Transmaterial research and GREENSPEC. It is 
envisioned that future versions of this prototype might elaborate on the Checklist and concepts be-
hind it to further engage the reader on the set criteria to best gauge performance and environmental 
concerns.

section title

check list
green issues covered

in each section

quick reference tab

pages in each section

}

}
}

.......
.....

................

.......

........

}

}

items discussed
within each section

check list
highlighted items covered

on each page
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Disclaimer

Greenbuilding Technology Resource Guide is a resource for current and future materials and
technologies. It is intended to serve students, architects, designers, and others interested in
learning more about green building. The Green Building Technology Resource Guide, the
University of Colorado, Fred Andreas, and the students themselves assume no responsibility for
accuracy, completeness or usefulness of the information provided. Users are cautioned to
consult with the manufactures and professionals before specifying or recommending any of the
products or technologies within.
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 New 
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2nd Generation

To simplify manufacturing and reduce 
costs, a 2nd generation known as thin 
film technologies was developed. These 
technolog ies  are  typ ica l ly  made by 
depositing a thin layer of photo-active 
material onto glass or a flexible substrate, 
including metal foils, and they commonly 
use amorphous silicon (a-Si), copper indium 
gallium diselenide (CIGS), or cadmium 
telluride (CdTe) as the semiconductor. Thin 
film PV is less subject to breakage when 
manufactured on a flexible foil. However, 
the promise of low cost power has not been 
realized, and ef� ciency remains lower than 
that of 1st generation solar. Some questions 
also remain about the toxic legacy of the 
materials, both in manufacturing and at the 
end of life.

1st Generation

Crystalline silicon photovoltaic (PV) 
technology was first developed more 
than 50 years ago at Bel l  Labs in 
New Jersey based on silicon wafers, 
and is known as 1st generation solar 
technology. Silicon-based technology 
is technically proven and reliable, and 
has succeeded in achieving market 
penetration, primarily in off-grid remote 
areas and in grid-connected applications 
where sufficient subsidies are available 
to offset its high cost. There are several 
inherent limitations to this 1st generation, 
however. Silicon wafers are fragile, 
making processing difficult and limiting 
potential applications. The process is 
very labor and energy intensive, and 
manufacturing plant capital costs are 
high, limiting scale-up potential. And 
because materials represent more than 
60% of manufacturing costs and silicon 
supply is finite, the long term potential 
for cost reduction is insuf� cient to deliver 
broadly affordable energy.
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Thin Film

How is CdTe PV different from other PV 
technologies?
•  Superior light absorption properties 
that result in higher output compared to 
traditional silicon modules, under cloudy 
and diffuse light conditions such as 
dawn and dusk.
•  A low-temperature coefficient that 
results in better performance compared 
to traditional silicon modules at higher 
temperatures.
•  Enhanced suitability for high-volume, 
low-cost module production.
 
Key Product Design Features

Front (Substrate) and Back (Cover) 
Glass
Laminated glass sheets are heat-
strengthened to withstand handling 
and thermally induced stresses, while 
avoiding breakage over the 25+ year 
module life.
Semiconductor
CdTe compound semiconductor material 
forms the active photovoltaic cells, 
which convert sunlight into electricity.
Laminate Material
Used to bond the cover glass to the 
substrate, sealing the photovoltaic 
device from the environment.

Amorphous silicon (a-Si), a type of thin-
f i lm photovoltaic (PV) technology, is 
experiencing a dramatic growth curve 
worldwide and offers a compelling business 
opportunity in power generation, building- 
in tegrated so lu t ions and consumer 
applications. Thin-film PV solutions are 
the most rapidly growing portion of the PV 
landscape with approximately 23 percent 
of the overall PV market in 2008 and a-Si 
represents the largest component at over 
50 percent of the overall TFPV market 
production in 2008. Amorphous silicon is 
well positioned to become low-cost PV 
solution of choice for many applications in 
the eight-year time frame covered in this 
report. Lower cost per kWh is the main 
driver for the shift from crystalline silicon 
PV to thin-� lm PV, as well as the increasing 
acceptance of a-Si thin-film PV for new 
applications.
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The  te rm “o rgan ic  PV”  (OPV)  i s 
frequently used somewhat ambiguously 
to cover  organic/ inorganic hybr id 
mater ia ls  (notably dye sensi t ized 
cells, DSCs) as well as “pure” organic 
materials. That such materials can 
exhibit photoelectric effects has been 
known for many years, and there are 
apparently a wide range of materials that 
are candidates for OPV systems, but as 
indicated above it is only very recently 
that these materials have been seen as 
anything other than (one of the many) 
curiosities of materials science.
But  for  OPV to move beyond the 
curiosity category, it must be shown to 
do something.

NanoMarkets, a leading industry analyst 
� rm, announced 9 march 2009 the release 
of its report, “Organic Photovoltaic Materials 
Markets: 2009-2016�. The report projects 
that sales of materials for both “pure” 
organic solar cel ls (OPV) and hybrid 
organic/inorganic dye-sensitized solar cells 
(DSC), are expected to reach almost $600 
million ($US) by 2016.

3rd Generation

It has been estimated that 3rd generation 
solar technologies will achieve higher 
efficiencies and lower costs than 1st or 
2nd generation technologies (Green, 
M., Third Generation Photovoltaics, 
Advanced Solar Energy Conversion). 
Today, the 3rd generation approaches 
be ing  i nves t i ga ted  i nc l ude  dye -
sensitized titania solar cells, organic 
photovo l ta ics ,  tandem ce l ls ,  and 
materials that generate multiple electron-
hole pairs. To maximize performance, 
Konarka scientists have been involved 
in research efforts in all of these areas, 
including novel combinations of these 
approaches.

 “The three main areas where OPV is 
expected to eventually outperform more 
traditional approaches to PV are (1) very 
low-costs, (2) enhanced ability to operate in 
dim light, (3) integration of PV capabilities 
in building materials and fabrics, and (4) the 
ability to be printed on flexible substrates,” 
according to the report. 
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The tilt of the installation directly affects the 
Energy Payback Time and the specific CO2 
emissions, as they would other parameters 
which affect the power output (inverter overall 
ef� ciency, panel orientation, shading, etc.).

Emissions are dominated by the energy 
use dur ing PV product ion.  Around 95 
% of this energy is electricity. From this 
f igure is important to real ise that the 
environmental performance of PV power 
systems heavily depends on the energy 
efficiency of PV system manufacturing and 
on the performance of the energy system 
itself, electricity production in particular. The 
choice of energy conversion efficiency is 
very important when the manufacturing and 
the installation of modules are performed in 
different countries, due to difference in the 
electricity supply mix.

EPT is the time a PV module to "pay 
back" the energy used in its manufacture 
by its own power generation. The EPT of 
amorphous-Si PV is 1.6 years, which is 
approximately 6 months shorter than that 
of crystalline silicon PV (2.2 years). EPT 
is one of the most important aspects 
when evaluating the ecological bene� t of 
PV systems.

As illustrated in Figure 1, the panels represent 
a signi� cant cost of installation, but the labor 
and support brackets for the PV panels are 
signi� cant as well. While thin � lm PV enjoys 
signi� cantly lower panel costs and is easier to 
install, the supporting brackets are sometimes 
more expensive. As prices for silicon fall, the 
cost disparity between thin � lm and silicon PV 
will narrow.

The Energy Pay Back Time is defined 
by EPBT = Einput /Esaved,  where 
Einput is the energy input during the 
module life cycle (which includes the 
energy requirement for manufacturing, 
installation, energy use during operation, 
and energy needed for decommissioning) 
and Esaved the annual energy savings 
due to electricity generated by the PV 
module. For PV power systems the 
EPBT depends on a number of factors: 
cell technology, type of encapsulation, 
frame and array support, module size 
& efficiency, PV system application 
type (autonomous or grid-connected) 
and, finally, PV system performance 
as determined by irradiation and the 
performance ratio. EPBT is also affected 
by factors that do not directly relate 
to the characteristics of the PV power 
system itself: conversion efficiency of 
the electricity supply system and energy 
requirements of materials like glass, 
aluminum etc.
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Z e r o  E n e r g y  M e d i a  Wa l l  -  i s  a 
groundbreak ing pro jec t  app ly ing 
sustainable and digital media technology 
to the curtain wall of Xicui entertainment 
complex in Beijing, near the site of the 
2008 Olympics. Featuring the largest 
color LED display worldwide and the � rst 
photovoltaic system integrated into a 
glass curtain wall in China, the building 
performs as a self-sufficient organic 
system, harvesting solar energy by day 
and using it to illuminate the screen after 
dark, mirroring a day’s climatic cycle.

The polycrystalline photovoltaic cells 
are laminated within the glass of the 
curtain wall and placed with changing 
density on the entire building’s skin. 
The density pattern increases building’
s performance, allowing natural light 
when required by interior program, while 
reducing heat gain and transforming 
excessive solar radiation into energy for 
the media wall.

Solar Tree, created by Ross Lovegrove, 
was deve loped and produced by 
Artemide in collaboration with Sharp 
Solar,  wor ld leader in  so lar  ce l ls 
production. This revolutionary urban 
lighting project works with the most 
advanced solar technology respecting 
not only environmental issues but also 
cultural and social aspects of today's 
world.  Solar Tree demanded very 
complex studies and analyses which 
Artemide has conducted with great 
commitment and sensitivity regarding 
ecological demands.
Lovegrove's innovative lighting project, 
the "Solar Tree," is a solar-powered 
streetlamp that also serves as a piece of 
modern art, infusing a bit of nature into 
the usually gray urban landscape.
Solar trees are able to provide enough 
light during the night-time even when 
the sun did not show for as much as four 
days in a row.
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Long-term perspective still very good

The long-term perspect ives for  the 
global solar energy market remain great, 
however. Module prices are declining 
and industry members expect prices 
to fall further during 2009. It will bring 
solar energy closer to the stage where 
government support is no longer needed.

And, above all, the long-term market 
drivers that push solar energy will remain 
in place:

Oil prices are expected to increase when 
economic recovery returns due to supply 
limitation.
An increasing number of countries have 
started CO2 reduction plans, including 
renewable energy support programs.
Continuously growing electric power 
demand is being pushed by economic 
growth in Western countries and Asian 
rising stars such as India and China.
Continuously decreasing cost of solar 
modules makes solar energy attractive 
as a reliable energy source in a growing 
number of market segments.
G r o w i n g  i n t e r e s t  f o r  e l e c t r i f i e d 
transportation (automotive industry opting 
for electric cars) will stimulate decentralized 
electricity production.
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Photovoltaic

Ef� ciency

Energy

HIgh Performance Photovoltaics

In past years, Embodied Energy (the 
amount o f energy used t o collect materials, 
create panels, and s hip to final destination) 
was upwards o f 30 y ears. W ith a  p rojected 
lifespan o f 25-30 y ears, t his energy c ost 
made PVs more energy i ntensive t han t hey 
would eventually r eplace. This has r ecently 
changed. Researchers have been studying 
the use of “High Performance Photovoltaics.” 
This includes s ome o f the newest cutting 
edge materials, t echnologies, and u se o f 
photovoltaics - all with v arying l evels of 
efficiency.

Building Integrated Photovoltaics

Building Integrated Photovoltaics 
have c ome t he f urthest o n an e fficiency 
standpoint i n recent y ears. I n 2000, B IPVs 
were averaging 20 years to pay back. As of 
early 2009, depending on t he panel, an 
average payback v aries from two years to 
nine years. The h igher e fficiency panels 
typically u tilize Thin Film Technology, while 
the old fashioned C rystalline Silicon Panels 
(although much more advanced) have a 
much lower efficiency.

Crystalline Silicon Solar Cells Embodied 
Energy Payback in Precious Years 

Crystalline Silicon Solar Cells Embodied 
Energy Payback in 2009

Solar Tracking

The ability for a  PV panel to follow 
the sun enhances its c apacity t o produce 
energy. Tests comparing a stationary panel 
versus the same panel on a tracking system 
show a 25% increase in e fficiency. This can 
be done in several ways:

Polar Tracking - one axis r otates parallel to 
the rotation of the earth

Horizontal A xle T racking - panel pivots on 
axis connected to pylon (limited movement)

Vertical Axle Tracking - panel pivots about a 
vertical axle (very uncommon)

Altitude-Azimuth - panel moves i n two 
directions t o locate s pecific l ocation of sun. 
These complicated movements require 
advanced c omputer t echnologies ( most 
efficient)

12
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Photovoltaic

Ef� ciency

Energy

Concentrated Photovoltaics

As stated by EMCORE, the leading 
producer of CPVs, “a Concentrated Photovol-
taics approach o ffers an e ffective, practical 
way to keep solar cell conversion efficiencies 
high while k eeping s emiconductor material 
costs down.” These PVs a re i ncredibly 
efficient - roughly 25% overall compared to an 
industry s tandard ranging from 8%-15%. 
EMCORE a lso boasts t he l owest carbon 
footprint in t he p roduction of photovoltaics, 
utilizing a 95% recyclable product.

Concentrated Photovoltaics use a  
system of mirrors to focus the sun’s energy to 
a small PV panel - roughly 1/500th the size of 
a typical PV panel. This allows each cell t o 
produce the same amount o f energy a s an 
entire silicon panel. A typical CPV panel 
consists of several cells - thus producing the 
large amounts of energy. 

CPVs r equire tracking systems t o 
operate efficiently. This increases the overall 
cost o f the product, a lso increasing t he 
embodied energy. Concentrated 
Photovoltaics still payback their production 
energy in roughly two years. 

One downfall to CPVs is their lack of 
ability t o handle heat. Mirrors and s unlight 
produce mass amounts of heat -  which can 
easily destroy the delicate P V panel i nside. 
More research is required to determine 
adequate ways to deal with this. The current 
recommendation is ventilation.

Parabolic Trough Photovoltaics

Parabolic T roughs u tilize many o f 
the same concepts of Concentrated 
Photovoltaics -  a  similar tracking system, 
similar use of bouncing light, and t hus a  
similar high output of energy. 

Unlike CPVs, Parabolic Troughs use 
a significant amount o f PV material. This 
increase in material (and t hus c ost) i s 
balanced b y the Parabolic T rough’s unique 
ability to use the heat produced by the panel. 
These panels gain energy t hrough t he 
photovoltaic c ells and through t he p ipes o f 
water /  steam r unning t hrough t he troughs. 
The heat bounced off the panel is absorbed 
by t he t ube, w arming t he w ater t o produce 
steam. This then goes to a separate system 
where additional energy is extracted. 

Parabolic T roughs, like CPVs, 
typically t ake two years to p roduce their 
embodied energy. They have, however, been 
around significantly l onger t han CPVs and 
are more reliable. Because of t his, fields of 
Parabolic Troughs have been installed across 
the South West United States - in areas such 
as A rizona, New M exico, Nevada, and 
Colorado. 
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Since solar energy is clean, abun-
dant and renewable it is one of the 
most promising energy sources of 
the future. Photovoltaics are 
devices which capture the energy 
of the sun and convert it to elec-
tricity.

A photovoltaic cell is that a semi-
conductor electrical junction 
device which absorbs the radiant 
energy of the sun and converts it 
into electrical energy.  Since the 
first PV technology was utilized in 
the 1950’s to produce electricity 
the challenge has been to create a 
PV cell which is both efficient and 
inexpensive.  

Current commercial photovoltaic 
cells are dominantly based on 
crystalline silicon technologies, 
with efficiencies of about 12% for 
the best available devices.  

There have been three generations 
of development in the production 
of solar cells.  The first generation 
was based off of Crystalline Silicon 
(c-Si).  These cells have good 
efficiency ratings however they are 
expensive to produce and are 
fragile.  

The second generation of PV 
consisted mainly of thin film tech-
nologies.  Thin film consists of the 
photoactive layer being deposited 
onto glass or a flexible substrate.  
Semi-conductors used for thin-film 
include amorphous silicon (a-SI), 
copper indium gallium diselenide 
(CIGS), and cadmium telluride 
(CdTe).  Thin film is far less fragile 
than the first generation of c-Si 
cells, however, cost comparisons 
have yet to be reached and 
efficiencies are catching up but are 
not yet comparable to c-SI cells.   
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The research for this chapter will 
focus on OPV and DSC technologies 
as well as the integration of these 
technologiys as well as silicon based 
technologies in Building Integrasted 
Photovoltaic systems (BIPV).  

The third generation of PV  
research is extremely promising.  
Third generation PV consists of :  
organic photovoltaics—where the 
semi-conductor used is an organic 
material-hybrid cells—which use 
both organic and inorganic materi-
als, and dye-sensitized solar cells 
(DSSC) which mimic the process of 
photosynthesis. 

Organic PV takes off on the first 
two generations of PV but with an 
organic semi-conductor. 

Advances in Photovoltaic Technology
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Conventional silicon solar cells 
contrain hazardous materials such 
as sulfer dioxide, nitrogen oxide 
and lead, and Cadmium.  For now 
OPV occupies the high ground, in 
that the materials that it uses are 
“organic” and therfor degrade 
without leaving behind harmful by 
products.

What makes the OPV safe also is 
what makes it’s lifecycle short.  The 
challenge to the life of the OPV is 
the degredation of the organic 
polymers.  The degredation is 
caused by exposure to oxygen, 
humidity, atmosphere, tempera-
ture, and light intensity.  

Currently the expected life of OPV 
cells is around 2-3 years (20,000 
hrs.) but with continued research 
the industry expects that in 10 
years the average life of the OPV 
cell will be up around 15 years long.  

Currently the maintenance involved 
with solar cells of all types includ-
ing OPV is cleaning the surface to 
allow optimum light penetration to 
the substrates.  However, recent 
developments in nanotechnology 
have revealed self cleanineg poly-
mers that, in several years, can be 
applied to surfaces such as solar 
pannels thus greatly decreasing the 
need for cleaning. 

OPV
Disadvantages of OPV technology 
is that it is still in development and 
acording to many has a while to go 
before it is competitive with tradi-
tional forms of solar paower collec-
tion.

Often the optical bandgap is too 
high and the band offset between 
donor & acceptor is not yet opti-
mized.  Additionally the charge 
transfer, transport, and recombina-
tion not optimized
 
Exciton harvesting is of fundamen-

tal importance for the efficient 
operation of organic photovoltaic 
devices.  The quantum efficiencies 
of many organic and hybrid 
organic- inorganic devices are still 
limited by low exciton harvesting 
efficiencies.  This problem is most 
apparent in planar heterostruc-
tures that suffer from a direct 
tradeoff between light absorption 
and exciton harvesting. 

Durability, as well as, ���������	

�����������
���
���
������������


��
also  issues which are still being 
worked out. 
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Although the evolution of the solar 
energy market since the early 1980’s 
shows a ~23% reduction in the cost 
of solar panels with each doubling 
cumulative installed capacity, new 
photovoltaic concepts and materials 
are still required to make solar 
technologies competitive on the 
energy market and to foster their 
deployment at a large scale.  

The advantages of OPV is that there 
is an abundance of materials and 
the manufacturing process is 
simplified.  Organic semi-
conductors can be dissolved and 
applied as solutions, whereas 
inorganic semi-conductors can not.  
Organic semi-conductors also have 
a high absorption coefficient which 
is crucial in producing efficiency in 
a cell. As OPV is still being devel-
oped, comparable efficiencies have 
yet to be achieved.  

Organic based solar cells have the 
potential to bring about a major 
breakthrough in reducing the cost 
of PV cells.  In fact, organic semicon-
ductors are relatively inexpensive 
and can be deposited on flexible 
substrates in high-throughput 
roll-to-roll coating machines, lead-
ing to low fabrication and installa-
tion costs and to a large variety of 
potential applications that are not 
appropriate for flat panels.

Currently the cost of solar electric-
ity is of the order of $0.4/kWh, 
roughly ten times higher than 
electricity from natural gas.  

Preliminary estimate of OSC costs 
show that OSC has the potential to 
reduce the cost of PV electricity by 
fourfold.  However, much work 
remains to be done on understand-
ing the particular processes for 
producing OSC and the capital and 
labor costs associated with them.

OPV
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To date the company Dyesol has 
demonstrated the highest yet peak 
effi cency of 11% in converting
sunlight to electricity usign the 
DSSC technology.  They have under-
taken the  approch of Biomimicry t 
in developing there tecnology

Plant leaves are tiny factories in 
which sunlight absorbed
in the leaf by chlorophyll converts 
carbon dioxide gas and
water into carbohydrates (glucose) 
and oxygen, thus providing
for the energy requirements of the 
plant.

Artificial photosynthesis is the term 
given to the concept whereby the 
leaf structure is replaced by a 
porous titania nano-structure, and 
the chlorophyll is replaced by a
long-life dye. The energy circuit is 
completed by a redox
couple.

Dye-Sensitized solar cells are also 
called “Graetzel cells” after Michael 
Graetzel who discovered them in 
1991.  This type of cell is based 
upon the principle of 
photosynthesis—the bio-chemical 
process by which plants convert 
light energy into carbohydrate.  
They are a type of thin-film cell, but 
rather than utilizing a semi-
conductor layer to absorb light-
light absorption occurs in an 
organic dye—TiO2.  In a traditional 
silicon solar cell, silicon is divided 
and one side is doped to be a 
p-type and one side an n-type.  
This forms a p-n junction which is 
what creates the electron transfer 
when light is shone onto it.  By 
contrast, in a DSSC cell, a dye 
absorbs the light which excites an 
electron to the higher part of the 
molecule and from there the 
energy transfers to the TiO2 (the 
semi-conductor) where the energy 
is then collected on a transparent 
conducting surface.  
  

Advances in Photovoltaic Technology

DSSC
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With regards to cost he current goal 
for DSSC manufacturers  is to 
develop materials with a maximum 
cost of 70 US$/m2. 

Analysis indicates that such a goal 
can be reached with the
materials known today.   At an 
anticipated 7% DSC
effi ciency, this corresponds to 
$1/Wp. Further cost
reductions at the materials level are 
anticipated for largerscale
manufacturing.

As mentioned previously in the 
OPV section the DSSC’s are safe 
but are therfore also subject to 
degredation which therefor limits 
there life expectency.  Researchers 
in  have developed methods for 
replacign the dye after it’s useful 
life has been reachd thereby also 
bringing down the cost of the 
solar cells over time.

Some of the features of DSC have 
been examined through various 
tests in the laboratory and in the fi 
eld under different scenarios likely 
to be encountered in practical
applications.   Advantages include 
robustness, constant charging 
voltage output at all light levels, 
temperature tolerance, improved 
performance in ‘normal’ solar
conditions up to ~60ºC, less angular 
dependence, camoufl age capabil-
ity, customizable visual characteris-
tics, low energy payback time, 
low-cost, good demonstrated
prototype performance and long-
term stability, all which make DSC 
technology interesting for many 
applications.

Solaris Nanosciences sees that the 
DSSCs which are based on low cost 
materials and simple construction, 
have to date suffered from limited 
operating lifetimes due to the 
degradation of the sensitizer
dyes.

As a result they have developed 
completely rechargeable DSSC 
creating the lowest manufacturing
cost, long-life photovoltaic system in 
the world.

Nontoxic chemical process allows 
the degraded dye in already 
installed DSSCs to be removed and 
replaced with new dye, restoring the 
performance of the original
solar cell.

“Our materials can boost the absorp-
tion of sensitizing dyes by several 
orders of magnitude;
potentially making DSCs more effi 
cient than silicon at drastically 
reduced manufacturing
costs.” Solaris Nanosciences

DSSC
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Advantages of DSSC Technology:

Less sensitive to angle of incidence 
of radiation

Performs over wider range of light 
conditions.

Low sensitivity to ambient tem-
perature changes.

Less sensitive to shadowing – can 
be diode free.

Incorporated into buildings 
instead of conventional glass 
panels and as coatings on steel.

Bifacial – absorbs light from both 
faces

Production through common low 
cost processing equipment.

DSC modules have lower embod-
ied energy compared to silicon 
based solar cells.

The TiO2 is a very thin layer which 
makes it very cheap to produce the 
cell. 

Advances in Photovoltaic Technology

The typical effi ciency of a DSC versus 
a silicon solar cell:  6-11% versus 
8-30% of a silicon solar cell.  DSC’s do 
not compare very well with their 
silicon counterparts on a pure 
energy/sq meter basis but they are 
superiour on cost/sq meter.
Solar energy installations account for 
less than 0.01% of total global 
primary energy demand. The major 
reason has traditionally been cost.

Current research shows that the 
OPV and DSSC tecnologies are 
coming along at a surprising rate 
and although there efficiencies 
may never outmatch those of the 
silicon based solar cells the lower 
costs, low impact of enviromenet as 
well as health and safety, as well as 
there wide range of uses as build-
ing materials  make them promis-
ing for future applications.

DSSC
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Solar Energy Marketplace and BIPV:

Photovoltaics is one of the fastest 
growing market segments in the 
world today.

Over 50% of all energy used is in 
buildings.

Solar power is the most effective 
energy generator for the built 
environment for BIPV.

BIPV reduces the carbon footprint 
for buildings, providing electricity 
with minimal distribution losses

BIPV offers secure power for build-
ings, and provides high profi le 
renewable energy
at a low added cost

First and second generation solar 
are only useful for roofs due to their 
high dependence on direct and 
directed light, however third 
generation solar can be used to 
replace walls as a building product

Building Integrated Photovoltaic 
(BIPV) technology from Everlight 
Solar Power Systems uses solar cells 
to convert solar energy into electric-
ity, and is designed to be building 
integrated.  TAccording to Everflight 
the attractiveness of BIPV is that it is 
a sustainable energy source that 
generates energy where you use it. 

Replacing conventional building 
materials, Everlight BIPV joins 
seamlessly with metal roofing 
resulting in reduced installation 
costs and improved aesthetics 
compared to conventional photo-
voltaic modules. 

BIPV
Benefits of BIPV:

Aesthetically pleasing.

The  product is easy and less expen-
sive to install.

Less roof penetration, ensuring your 
roof warranty is still valid.

Low/no maintenance required.

Ideal for off-grid applications.

Lasting performance.

The next few pages will introduce 
several companies producing BIPV 
products and several case studies of 
build, in preocess, or proposed 
buildings using BIPV technologies.
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Helioptix has developed an inte-
grated system of solar 
collection/daylighting/
double glazed building subpanel
/ shading device.

Advances in Photovoltaic Technology

TSS(Taiyo See-through Solar) is
a high performance glass which
can generate infinite and clean
electric power through photovolta-
ics.  Moreover, the glass functions 
as a heat shield preventing exces-
sive solar heat gain.

This product can be seen in the 
interior photo to the right.

Suntech’s See Thru Glazing Product 
chosen to generate clean power 
and contribute to the design
aesthetic that the city envisioned 
for its terminal were used to form 
the bus shelters at the terminal, 
covering over 3000 square meters 
and making the Kanazawa Terminal
the largest thin film photovoltaic 
glazing project in the world
today.

 The Suntech installation at 
Kanazawa saves 86,465 kilowatt 
hours annually and will reduce 686 
tons of carbon over a 20 year 
period.  These panels can be seen 
in the photo below. 

The solar facade currently installed 
at the SyracuseCoE HQ is the first 
building-integrated concentrating 
photovoltaic system, developed by 
researchers at Rensselaer Polytech-
nic Institute with collaborators at 
Harvard University. 

The system tracks the motion of the 
sun and uses lenses to concentrate 
sunlight 500 times, generating both 
electricity and heat, and was devel-
oped with funding from NYSERDA, 
NYSTAR, and the US Department of 
Energy. It is being tested in collabo-
ration with SyracuseCoE.

Center of Excellence, 
Syracuse University

Two seperate see through solar 
products were choosen for the 
Kanazawa Bus Terminal in Japan.

BIPV
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Taiwan’s new Taichung Convention 
Center will be covered in solar-
powered skin that naturally venti-
lates the structure reducing energy 
consumption.  The skin-a pleated 
smocking-esque envelope (seen in 
the image below)--provides a 
natural air fl ow to the building 
minimizing air conditioning usage.  
It also uses a high-tech double 
photovoltaic
glass to reduce the remaining 
energy consumption. Part of the 
pleat is also transparent so that 
natural light can permeate the 
interior.

LAVA Architects won a conceptual 
re-skinning competition.  The skin 
that they envision is a transparent 
cocoon that acts as a high perfor-
mance ‘micro climate’.  The proposal 
continues

Innovations include:  Existing solar 
energy used to off set energy 
requirements, water collected from 
the atmosphere, natural convection 
draws conditioned air through 
existing rooms, and vents to the 
exterior, localized user control of air 
and temperature, standard com-
puter designed and generated 
components manufactured off site 
and cutting edge digital workflow 
mean cost effective fabrication and 
installation, and a solar powered 
light and media strategy embed-
ded into the fabric.

Advances in Photovoltaic Technology

The image is a rendering of the UTS 
Tower in Sydney with its proposed 
Eco-Skin.

BIPV
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Konarka--a manfacturer of 
polymer-based organic 
photovoltaic’s-and Arch Aluminum 
& Glass are currently working 
together in a pilot project to create 
a solar curtain wall at Arch’s office 
building in Tamarac, Florida.  
Konkara’s main product on the 
market is currently Power Plastic, 
which is a film which can be 
applied to any surface to energy 
independence. It is currently being 
integrated into products such as 
small electronics and camping gear 
with large-scale BIPV projects in the 
works as soon as efficiencies reach 
competitive levels.  

Konarka’s project with Arch is one 
of the first projects BI-OPV projects.  
It is thought that the panels will 
provide 1.5 kilowatts of power to 
the facility and from this informa-
tion collected Konarka will be able 
to advance the BI-OPV market.  
Konarka believes BI-OPVs can 
provide tremendous value by 
replacing conventional building 
materials.  

Konarka is also partnering with Air 
Products to conduct reseach and 
development on transparent, 
flexible solar modules for windows 
and other BIPV applications.  They 
were selected by the National 
Institute of Standards and Technol-
ogy (NIST), Advanced Technology 
Program (ATP)  for a $4.7 milliion 
award to foster new technology 
developments by U.S. Companies.  
The technology the companies will 
be developing is planned to regu-
late the wavelength of the light 
passing through the window there-
fore increasing the amount of 
energy conserved.  

Air products is developing high-
conductivity polymers with more 
efficient charge injection capability 
in OPV cells thereby improving 
overall cell electrical performance.  
Konarka will supplement this by 
improving their patented transpar-
ent, metallic grid electrode techbol-
ogy in the new cell and module 
architecture.  

It seems liekly, after pereforming 
this reesearch, that in the near 
future a large percentage of new 
construction and remodeling proj-
ects will utilize some sort of BIPV 
that may also integrate wind power, 
magnetic power generation, along 
with rainwater collection, food 
production, etc. to create truly 
sustainable fully integrated and self 
sufficient buildings.  
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DEFINITIONS

Thin film Photovoltaics (PV)
- low temperature curing inks suitable for 
front-side grid and bus-bar conductors for 
thin film technologies such as CI(G)S, Cd Te, 
DSSC, organic and amorphous silicon;

Electroluminescent (EL) Displays
- a full system of compatible inks for printing 
EL lamps

Biosensors
- gold, silver, carbon and custom ink formula-
tions for working and reference electrodes 

RFID
- Printed antennae using DuPont MCM silver 
inks, with widespread usage in ticketing, ski 
passes, automotive antennae, e-passports 
and luggage labels

Membrane Touch Switches (MTS)
- full range of silver, carbon and UV dielectric 
inks

Printed Batteries
- carbon, silver and other custom composi-
tions for printed batteries 

Smart Packaging
- next generation flexographic inks 

COST

Although the cost of thin film technology is 
relatively high right now many people believe 
that with the advancement and use of such 
products we will see the cost of such 
technologies drop below the cost of similar 
standard technologies in the next 5 years.

Possible Cost Reduction Opportunities
- Reduction of gas costs 
- Cost reduction for PECVD chamber
cleaning
- Increasing manufacturing line throughput 
- Improving cell efficiency

COMPOSITION
There are a number of ways in which these 
types of materials are formed, below are the 
three most common with a chart showing 
how the system is composed. 

Chemical deposition
- fluid precursor undergoes a chemical 
change at a solid surface, leaving a solid 
layer

Physical deposition
- uses mechanical or thermodynamic means 
to produce a thin film of solid. An everyday 
example is the formation of frost. 

Other deposition processes
- normally rely on a mixture of these two 
methods required to imprint some more 
complex materials or chemicals 

cost  

definitions  

maintenance

Thin FIlm Technologies

Thin Film 
Technologies

Kevin Nguyen

Maciek Gesikowski
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Energy and life cycle assessment 
of thin film CdTe photovoltaic 
modules.

In reference to the study performed by 
(NREL) National Renewable Energy 
Laboratory the energy and life cycle of CdTe 
modules takes in to the account 
the following :  

-Raw material flow.

This method looks at material resource 
depletion and incorporates the amount of 
raw material per unit of delivered service 
(kWh).

-Energy analysis using energy pay back
 time.

Energy pay back time for CdTe wafer 
technology is 0.9 years. The method takes 
into account the total amount of fossil fuels 
used by this process.
The Energy Pay Back Time is calculated as 
follows:

-Enegery analysis using solar transformity.

This method is trying to consider the total 
amount of indirect environmental support 
provided to the biosphere to the system.
To express this relationship the units of solar 
equivalent Joule per Joule of electricity 
produced are used [seJ/J].

-Environmental impact using CdTe modules 
versus Si modules.

Conclusion:
-CdTe technology is a product with the least 
impact on the environment:
-CdTe uses the least amount of raw material
-CdTe has the fastest pay back time of 
0.9yrs.
-CdTe needs the least of solar support for 
Joule to Joule produce.
-CdTe has the smallest impact during 
manufacturing process.
-Least CO2’s emitted per kWh.
-Lest Eco Toxicity potential.   
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BIO-SOLAR

- Bio-based materials from renewable plant 
sources to reduce the cost and environmen-
tal impact of thin film PV

- BioBacksheetTM is a premium-grade 
backsheet consisting of a cellulosic film 
combined with a highly water resistant and 
high dielectric strength nylon film made from 
castor beans, used as a replacement for the 
extremely popular crystalline silicone 
backers that are very popular today 

PV-TV
- Size: 980mm long and 950mm wide, come 
in a standard depth of 10mm thick 

- Light Transmission: allows 10% light 
transmission, which is optimal for allowing 
light in while keeping the environment 
comfortable

- Solar: can generate 3.8 watts of electricity 
per square foot, an above-average level of 
efficiency 

- TV: this system can be used to project full 
color images onto the panels… although 
they do not work well when there is compet-
ing light. 

THIN FILM BATTERY
- All solid state construction 

- Can be operated at high and low tempera-
tures (tests have been conducted between 
-20°C and 140°C) 

- Can be made in any shape or size 

- Cost does not increase with reduction in 
size (constant $/cm2) 

- Completely safe under all operating 
conditions.

- Dupont is the leader in developing technol-
ogy to print the necessary parts onto a thin 
layer, allowing increase in production and 
decrease in cost 
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RESOURCES

- http://www2.dupont.com/MCM/en_US/news_events/event20081119.html
Analysis and press release for DuPont Microcircuit Materials Printed Electronics Silver 
Conductive Ink a more cost effective solution for, Thin film Photovoltaic, Electroluminescent, 
Biosensors, RFID, Membrane Touch Switches, Smart Packaging, and Printed Batteries.

- http://www.freepatentsonline.com
Used to develop information on a number of different US patents that allowed us to see what 
was available in this particular area of technology as well as a look into what is being worked 
on a great source as a starter to find the newest technology.

- http://energypriorities.com/entries/2006/05/xsunx_power_glass_bipv.php
‘Thin Film Could Soon Make Solar Glass and Facades a Practical Power Source’ an article 
that looks at the possible solutions for thin glazing solutions and will hopefully begin to bring 
the use of thin glazing to a more mass population discussing greater efficiencies and ease of 
use.

- http://www.mhi.co.jp/power/e_a-si/
Mitsubishi thin film PV panel, this resource is for one of the main producers of thin film PV and 
provides and analysis of two different ways of obtaining the product and the efficiency differ-
ences between them 

- http://www.toolbase.org/Technology-Inventory/Windows/switchable-glazing-windows
Skylight solar glass technologies allow for more efficient roof cavities that have higher 
R – Value coefficient therefore better thermal efficiency.   

- http://cat.inist.fr/?aModele=afficheN&cpsidt=2373388
Angular selective films which respond to sun radiation in particular angular reflective environ-
ment.

- “Printed and Thin Film Photovoltaics and Batteries”, Dr Harry Zervos and Dr Bruce Kahn 
- Although this book is not available locally the abstract and other information available through 
the publisher has allowed us to understand some key aspects to thin film development. 

- http://www.pvresources.com/en/bipven.php
- looks at some examples of the use of clear PV material and how the assembly can 
workwithin a building envelope 

- http://www.ertex-solar.at/cms/startseiteeng
Ertex soloar has a few completed projects within Germany and other European countries they 
seem to be at the forefront of melding the ideas of technology and design. 

http://www.greenenergyforearth.com/2009/03/11/biosolar-to commercialize-biobacksheet-for-
thin-film-photovoltaic-modules-2/
-Bio-based materials from renewable plant sources to reduce the cost and environmental 
impact of thin film PV

http://www.nrel.gov/pv/thin_film/docs/20theuropvscbarcelona4cv114_raugei.pdf
- information on energy and life cylcle of thin fil PV materials 

cost  

definitions  

maintenance

Thin FIlm Technologies

Thin Film 
Technologies

Kevin Nguyen

Maciek Gesikowski

39



DEFINITIONS

Kinetic Energy
Energy available as a result of motion that 
varies directly in proportion to an object's 
mass and the square of its velocity; when an 
object has kinetic energy, the elements of the 
object that are moving are elements within 
the object such as waves, atoms, electrons, 
and molecules of that object.

Vibrational Kinetic Energy
Kinetic energy that is caused when an object 
is vibrating, or experiencing vibrational move-
ment.

Piezoelectricity
The generation of electricity or of electric 
polarity in dielectric crystals subjected to 
mechanical stress, or the generation of stress 
in such crystals subjected to an applied 
voltage. Piezoelectricity is a naturally occur-
ring phenomenon exhibited by certain materi-
als that generate an electric field when 
deformed. When a force is applied, an electric 
gradient is created which generates a voltage 
across the material. When the material is 
integrated into a circuit, this voltage will 
create a DC current.

Piezoelectric

Battery
A device containing an electric cell or series 
of electric cells storing energy that can be 
converted into electrical power.
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Regenerative Brake
Energy recovery mechanism that reduces 
vehicle speed by converting some of its 
kinetic energy and/or potential energy into a 
useful form of energy instead of dissipating it 
as heat as in a conventional brake (typically 
used in railway systems and hybrid vehicles).

Regenerative Brake System

Energy Harvesting
Process by which energy is derived from 
external sources (solar, thermal, wind, salinity 
gradients, and kinetic), captured and stored, 
in order to power local devices. 

Energy storage
The ability to convert energy into other forms, 
such as heat or chemical reaction, so that it 
can be retrieved for later use.

Sub Floor Kinetic Energy Harvesting
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TECHNOLOGIES

Flooring Integrated Systems
 
 Pavegen
 
 KinergyPower

 Innowattech

 POWERLeap

 Crowd Farm

Pavegen

Pavegen in public traffic zone

Paving slabs harvest kinetic energy in high 
footfall environments through piezoelectron-
ics, converting the energy into electricity. 
Each slab depresses 5 mm under the weight 
of a passing pedestrian, and stores energy 
within the slab itself. Pavegen slabs glow to 
indicate to the user that they have created 
energy, though only 5 % of total energy 
created goes to its illumination. Excess 
energy can be used to power pedestrian 
lighting, information displays, street lights, 
and many other applications.
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KinergyPower

section of fabric

KinergyPower utilizes a roadway “fabric” 
comprised of hydraulic pistons. When a 
vehicle rolls over and compresses the series 
of hydraulic pistons, the compression can be 
used to force hydraulic fluid through the 
system. KinergyPower uses this motion and 
transforms the captured  hydraulic pressure 
into the  power to run a  hydraulic generator 
unit which produces electricity. KinergyPower 
is an energy system that captures kinetic 
energy from the weight and momentum of 
decelerating traffic and converts it into clean, 
reliable, renewable electricity.

hydraulic pistons

Where KinergyPower Comes From:

When a car is being operated, not all the 
energy generated from the fuel it uses goes to 
running the car. In fact, some energy is used 
and other energy is lost. Idling, braking, and 
accessories (i.e., radios, heaters, etc) all 
require some amount of  the vehicle’s energy.

When a vehicle is in operation, the energy 
that it uses is expended as follows: 

62.4% is used to propel the vehicle 
17.2% is used in idling or standing by 
5.8% goes to braking 
5.6% Driveline losses (engine lubrication, etc)
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About KinergyPower, continued...

4.2% Rolling resistance 
2.6% Aerodynamic Resistance due to the 
design of the vehicle 
2.2% from Accessory use within the vehicle  

Source: www.fueleconomy.gov/feg/atv.shtml 

KinergyPower harvests its energy from rolling 
resistance, and the deceleration and braking 
processes. 

Facts:

KinergyPower Energy Carpet installed 
on 50 meters and traveled on by 
250 cars a day or 10 trucks a day for one year 
will produce enough electricity to power 
one home for one year. 

A Bus Depot with traffic level of 1000 buses 
can harvest enough electricity to power 31 
homes for one year.

The same KinergyPower Carpet  placed  in 
the path of 10,000 trucks per day will 
produce 1232kWh.

One KinergyPower Carpet placed to receive 
10,000 vehicles per day will produce 51kWh.

detail of hydraulic fabric
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Innowattech

The Innowattech Piezo Electric Generator 
(IPEG™) have unique abilities to harvest 
energy from weight, motion, vibration and 
temperature changes. They are specific 
generators for roadways, railways, runways 
and pedestrians, and are embedded at a 
depth of about 5 cm; the area where the 
compression stressis maximal.The external 
load results in the deformation in both the 
asphalt layer covering the generators and the 
generators.The deformation of the generator 
and the shortening of the piezoelectric 
columns embedded in the generators, gener-
ate charges on the piezoelectric columns that 
are the source for the electric energy. IPEG™ 
have a potential to generate an average of 
200 kWh per hour for the highway with traffic 
of 600 heavy trucks/buses per hour on 
average.

POWERLeap

A flooring solution that produces electricity 
through conversion of wasted kinetic energy 
from pedestrian and vehicular traffic in urban 
areas. The electricity generated from the 
system can be stored and used in a wide 
variety of applications to create a 
self-sustaining closed loop system. In large 
installations the electricity can also be fed 
back into the grid. Furthermore, POWERleap 
generators can be used as a sensor network 
to provide an intelligent environment that 
improves power efficiency within a space.
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TECHNOLOGIES, continued:

Textiles
 
 Carpet Fibers
 
 Piezo-Rubber

 Nanofibers

 Soft House

Carpet Fibers

Yong Qin and colleagues have developed 
fabrics made of specially coated fibers that 
produce electricity through the piezoelectric 
effect. The fibers consist of two intertwined 
strands of Kevlar. On one of the strands they 
grow a forest of radially aligned bare 
zinc-oxide nanowires, and on the other a 
similar coverage but of gold-coated nanow-
ires. Stretching one of the strands back and 
forth along the length of the second strand 
causes the nanowires to rub against each 
other. This rubbing causes the bare 
zinc-oxide nanowires to bend, which, owing 
to the piezoelectric characteristics of the 
oxide, causes a separation of charge to 
develop across the diameter of each wire. As 
this happens, the rectifying metal-
semiconductor junctions that form at the 
points of contact between the opposing sets 
of nanowires allow only negative charge to 
pass from the bare nanowires to the gold-
coated nanowires. This, in turn, generates a 
voltage across the two strands. From a single 
double-stranded fiber, the authors generate 
peak closed-circuit currents of around 5 pA.

continued on page 5 

Crowd Farm

Two graduate students at MIT's School of 
Architecture and Planning want to harvest the 
energy of human movement in urban 
settings, like commuters in a train station or 
fans at a concert. James Graham and Thad-
deus Jusczyk, both M.Arch candidates, would 
turn the mechanical energy of people walking 
or jumping into a source of electricity. A 
responsive sub-flooring system made up of 
blocks that depress slightly under the force of 
human steps would be installed beneath the 
station's main lobby. The slippage of the 
blocks against one another as people walked 
would generate power through the principle of 
the dynamo, a device that converts the 
energy of motion into that of an electric 
current. The electric current generated by the 
Crowd Farm could then be used for educa-
tional purposes, such as lighting up a sign 
about energy. "We want people to understand 
the direct relationship between their move-
ment and the energy produced," says 
Jusczyk. A single human step can only power 
two 60W light bulbs for one flickering second. 
But get a crowd in motion, multiply that single 
step by 28,527 steps, for example, and the 
result is enough energy to power a moving 
train for one second.

model by Graham and Jusczyk
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Carpet Fibers, continued:

By entangling multiple strands together — 
which increases the area of contact between 
opposing nanowires — this current can be 
increased by a factor of up to 50, an average 
output current of 200 pA for a six-stranded 
bundle. Reducing the core resistance of the 
strands by depositing a conducting layer 
between the nanowires improves the output 
of their double-stranded fibers by three orders 
of magnitude. One of the advantages of Qin 
and colleagues' fiber-based generators — 
compared with previously reported schemes 
for generating electricity with piezoelectric 
nanowires — is that they operate at low 
frequency, which means they can produce 
power from a wider range of sources of 
mechanical vibration, such as that generated 
by someone's physical movement. The 
flexibility and low-temperature growth condi-
tions of the system are other advantages. By 
weaving these fibers into a 'power shirt', the 
authors estimate that up to 20–80 mW of 
power could be generated by one square 
metre of fabric — comparable to the power 
used by a personal music player.

Piezo-Rubber

There has been recent development of 
flexible, biocompatible rubber films for use in 
implantable or wearable energy harvesting 
systems: nano-sized ribbons of lead 
zirconate titanate (PZT) — each strand about 
1/50,000th the width of a human hair — to 
ribbons of flexible silicone rubber. PZT is one 
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of the most efficient piezoelectric materials 
developed to date and can convert 80 percent 
of mechanical energy into electricity. The 
combination resulted in a super-thin film they 
call 'piezo-rubber' that seems to be an excel-
lent candidate for scavenging energy from 
body movements. The development of a 
method for integrating highly efficient energy 
conversion materials onto stretchable, 
biocompatible rubbers could yield break-
throughs in implantable or wearable energy 
harvesting systems. Being electromechani-
cally coupled, piezoelectric crystals represent 
a particularly interesting subset of smart 
materials that function as sensors/actuators, 
bioMEMS devices, and energy converters. 
Yet, the crystallization of these materials 
generally requires high temperatures for 
maximally efficient performance, rendering 
them incompatible with temperature-sensitive 
plastics and rubbers. Limitations to such 
materials may be overcome by presenting a 
process for transferring crystalline piezoelec-
tric nanothick ribbons of lead zirconate 
titanate from host substrates onto flexible 
rubbers over macroscopic areas. Fundamen-
tal characterization of the ribbons by piezo-
force microscopy indicates that their electro-
mechanical energy conversion metrics are 
among the highest reported on a flexible 
medium, meaning they are efficient.

Nanofibers

Researchers and engineers at UC-Berkeley 
have created nanofibers that could be woven 
into clothing and harvest energy from the 
wearer's movements. These nano-sized 
generators have "piezoelectric" properties 
that allow them to convert into electricity the 
energy created through mechanical stress, 
stretches and twists. This technology could 
eventually lead to wearable “smart clothes” 
that could power hand-held electronics 
through ordinary body movements. Because 
the nanofibers are made from organic polyvi-
nylidene fluoride, or PVDF, they are flexible 
and relatively easy and cheap to manufac-
ture. The tiny nanogenerators have diameters 
as small as 500 nanometers, or about 100 
times thinner than a human hair and 
one-tenth the width of common cloth fibers. 
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TECHNOLOGIES, continued:

Building Automated Systems
 
 Fluxxlab
  Powerslide
  Revolution Door
  Door Dynamo

 inDOOR Energy Harvester

 ReRev

 Regenerative Elevator Brakes

Fluxxlab

Fluxxlab’s work to date has been focused on 
sustainable energy harvesting, specifically in 
the form of converting small amounts of 
human energy into electricity.

Powerslide

Powerslide is an innovative product that 
turns the sliding motion of common building 
components such as sliding doors, windows, 
and drawers into a source of energy. The 
device uses an integral alternator designed 
for each application to harness and locally 
redistribute the energy. By harvesting the 
residual energy of human effort and convert-
ing it to light, the Powerslide directly commu-
nicates a single person’s contribution to an 
energy cycle possible through the metabolic 
relationship between people, technology and 
architecture.

Door Dynamo

The Door Dynamo is comprised of a 
modified door closer coupled with a "hacked" 
flashlight dynamo by use of an integrating 
gear. This assembly can be added to any
existing or new door to harness a small 
amount of energy when users enter or exit. 
In the exhibition display version, the energy 
harnessed is used for a light display that 
shows users the relationship between 
metabolic and mechanical energy.  

continued from page 5:

The researchers repeatedly tugged and 
tweaked the nanofibers, generating electrical 
outputs ranging from 5 to 30 millivolts and 0.5 
to 3 nanoamps. The researchers report no 
noticeable degradation after stretching and 
releasing the nanofibers for 100 minutes at a 
frequency of 0.5 hertz (cycles per second), 
meaning they have potential in not only 
efficiency, but also longevity.

Soft House

Kennedy & Violich Architecture took a radical 
first step in designing the Soft House, 
replacing many of the hard wall surfaces of a 
standard prefabricated house with movable 
curtains that contain embedded nanotech-
nology and thin-film photovoltaics. The 
research team found that these technologies 
would enable a 1,200-square-foot house to 
generate enough energy to meet fully half of 
its own daily requirements (as much as 16 
kilowatts of direct current, or DC, power). 
Textiles have been a fixture of architecture 
and design for their ability to define and 
modify a space. The thin-film photovoltaic 
textiles are essentially solar panels created 
from organic photovoltaics. 
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Revolution Door

The Revolution Door is a modified revolving 
door comprised of three parts - a redesigned 
central core replacing that of any existing or 
new revolving door, a mechanical/electrical 
system that harnesses human energy and 
redistributes electricity to an output, and an 
output device that maps the harnessed 
energy. By mechanically harvesting a 
negligible amount of human energy and 
converting it to a tangible display through the 
use of a generator, the Revolution Door will 
directly communicate a single person's 
contribution to an energy cycle possible 
through the metabolic relationship between 
people, technology, and architecture. 
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inDOOR Energy Harvester

The inDOOR Energy Harvester is a low cost, 
low profile mechanism that converts 
rotational kinetic energy from opening and 
closing a door to usable electricity. It contains 
a circuit to store this electricity, measure what 
is produced and dynamically graph and moni-
tor its progress from a website. The stored 
electricity can then be used for any of the 
buildings off grid needs, such as emergency 
sign-age, cameras or lighting.

ReRev

ReRev is a retrofit technology for existing 
exercise machines in which the kinetic motion 
of aerobic exercise is captured to convert 
otherwise wasted energy into productive 
renewable energy that feeds back into the 
building’s electrical system. The ReRev 
technology is in the inverters, which act much 
like solar inverters in that they take DC 
powergenerated by the elliptical machines 
and convert it to AC power that is fed back 
onto the utility grid.
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Regenerative Elevator Brakes

The physical principle of all regenerative 
elevator brakes is to convert electrical energy 
into potential energy that is stored in the load 
(car plus counterweights), which was lifted 
up. Since the range of travel of elevators is 
limited, it is obvious that half the time the 
elevator is going up, and half the time it is 
going down. Thus, in 50% of all elevator 
moves, the motor acts as a generator and 
gives back the potential energy. Typically this 
potential energy is changed into heat by 
dynamic braking resistors. Consider the 
number of moves an elevator makes each 
year, and you will easily understand how a 
regenerative converter could save significant 
energy in these applications. Regeneration 
occurs in an AC variable frequency drive 
system when the load overhauls the motor. 
This can occur when trying to decelerate the 
load, or when some external force causes the 
motor to overhaul, causing the motor to act 
like a generator. The energy contained in the 
rotating equipment flows into the drive, and is 
manifested as increased DC bus voltage in 
the inverter. This “over voltage” is traditionally 
wasted as heat by means of dynamic braking 
resistors. With rising electric power costs and 
increasing “green” awareness, there is an 
increasing demand for a way to recover that 
wasted energy. It is now economically 
feasible to accomplish this with regenerative 
converter units, which transform the DC 
regenerative electrical energy into fixed 
frequency utility electric power.

graphic depicting trend of regenerative power
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BENEFITS

The current kinetic energy harvesting 
technologies include piezoelectrics, dynamos 
and regenerative brakes, all of which have 
produced successes in laboratory and field 
studies. Beyond successful initial trials, 
however, other benefits include a cost-free 
and regenerative supply, educational possi-
bilities and a reduced need for foreign oil in 
energy production. The most promising 
benefit to harvesting kinetic and vibrational 
energy is the fact that the energy source is 
constantly available and completely free of 
charge. The natural world is set-up on a 
system of navigation and a propensity for 
movement, whether to satisfy life-sustaining 
necessities, or merely for pleasure and enter-
tainment. Technology and innovation predict 
that we as humans will always be looking for 
ways to accentuate our daily lives with meth-
odologies of ease and comfort. Couple that 
fact with providing a technology that could 
inevitably reduce a cost of living from energy 
consumption, and you have a fruitful concept. 

Initial installations of kinetic energy harvest-
ing systems have provided a tangible educa-
tional link between human movement and 
their capability of producing energy. Products 
such as Pavegen, POWERLeap and and the 
Revolution Door have all utilized illumination 
to add public awareness and directly commu-
nicate a user’s impact on their environment, 
and their individual capacity for energy 
production through typical daily routines. The 
potential of harvesting kinetic and vibrational 
energy as a powerful renewable resource 
comes from the fact that people don’t have to 
alter their lives in order to contribute to the 
grid. Simple everyday movements and 
motions would be able to power the world 
around us.The bottom line within develop-
ment of all renewable technologies goes 
without being said: the inevitable need to 
reduce our national (and global) dependence 
on crude oil. Harvesting kinetic and vibra-
tional energy would tap into a system already 
set in place: a wealth of energy converted in 
to electrical power rather than dissipating as 
heat. The possibilities are literally endless.
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DISADVANTAGES

As Newton described in his laws of physics, 
energy can neither be created nor destroyed. 
While every person in this world contributes 
to the metabolism of potential energy into 
kinetic, few technologies exist that can then 
translate such kinetic energy into potential 
electrical energy. The technologies that do 
exist work on either small or large scales, are 
expensive to manufacture and manipulate, 
and are relatively inefficient in terms of the 
material scale.

Piezoelectrics and dynamos work extremely 
well in harvesting kinetic energy, but only on a 
relatively micro scale. They are currently 
successful in powering small applications, 
such as cell phones, laptops and pedestrian 
lighting installations, but their technology has 
yet to be expanded into macro-scale building 
integrated applications. Regenerative brakes, 
on the other hand, are typically utilized in 
large motor systems such as elevators and 
hybrid cars, but offer few other possibilities for 
building integrated systems.

French sidewalk utilizing piezoelectrics 
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FINAL ANALYSIS

There is so much possibility in the world of 
harvesting kinetic and vibrational energy in 
terms of powering entire buildings. Imagine 
the power generation from harvesting every 
step on every stair, ascension and descen-
sion of every elevator, every computer 
stroke, every push of a light switch, every 
swing of a door, all vibrations down a 
pedestrian hallway, etc. With the combined 
technologies of piezoelectronics, dynamos 
and regenerative brakes, it is possible that 
every built object in the world could function 
on its on energy metabolic processes.

With the continual integration of piezoelec-
tronics into smart fibers and smart materials, 
it is also possible to believe that with every 
low-frequency human movement/vibration, 
we could potentially work towards harness-
ing energy that could power every gizmo and 
gadget that we hold onto daily. 

The technologies of piezoelectronics, 
dynamos and regenerative brakes will 
continue to progress wherever there is a 
market for them. The next step will be to 
re-examine battery storage cells in order to 
reduce their embodied energy and provide a 
viable means for storing energy long-term.   
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1

History

Windows are no longer just windows. 
G laz ing  mus t  become an  ac t i ve , 
integral part of building climate, energy, 
information, and structural systems.

The best options that have been available 
to architects and builders for energy-
efficient windows have been limited 
at best. Different glazings designed 
to reduce solar heat gain work for a 
building’s eff iciency during warmer 
temperatures, but in colder months work 
against it.  Louvered building facades 
or window treatments allow natural light 
into a space without solar heat gain, but 
do not offer unobstructed views to the 
outside. So ideally, the perfect window 
would allow heat in during colder climates 
and block heat during warmer climates…
all on its own. 3

Solar Control Glass: The earliest 
form of energy-efficient windows. This 
includes Refl ective glass and Low-E glass 
(both of which use metallic coatings). 8

Smart Windows: The most current 
evolution in solar control glass.

Existing Smart Window Technologies
(refer to- Vol. II Green Systems, p.83)

Thermochromics: heat causes window film 
to darken 

Photochromics: light causes window fi lm to 
darken

Liquid Crystals: an electric chargecauses 
liquid crystals to align/disalign in order to 
change translucency 

Suspended Particle Displays: an electric 
charge causes a reaction between an organic 
film and freely floating particles in liquid 
suspension in order to change translucency

Electrochromics: an electric charge causes 
layers to react and change translucency. This 
system requires wiring and external control 
panels. 14
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2

Nanotech

How has Nanotechnology begun 
make an impact on the Smart 
Windows industry?

Nano-Ceramic Window Film:  
Advanced ceramics have historically been 
used by NASA to thermally protect the 
Space Shuttle Orbiter.  Now, because of 
nanotechnology, they are being used by 
window fi lm suppliers in the manufacture of 
solar control window fi lm. 

Nano-ceramic particles are created when 
microscopic compounds are formed between 
metallic and nonmetallic elemtns, both with 
strong phsyical and chemical bonds.  One 
such compound commonly used in the 
manufacture of window fi lm is Titanium and 
Nitrogen, TiN, a smart ceramic for solar 
control. 6

One of the most current scient i f ic 
t e c h n o l o g i e s  c o n t r i b u t i n g  t o 
advancements in Smart Window design 
is nanotechnology.

Nanotechnology is the engineering 
of functional systems at the molecular 
scale.

T h e  t e r m  n a n o t e c h n o l o g y  w a s 
popularized in the 1980's, but the idea 
was envisioned as early as 1959 by 
renowned physicist Richard Feynman. 

"I want to build a billion tiny factories, models 
of each other, which are manufactur ing 
simultaneously. . . The principles of physics, 
as far as I can see, do not speak against the 
possibility of maneuvering things atom by atom.  
It is not an attempt to violate any laws; it is 
something, in principle, that can be done; but in 
practice, it has not been done because we are 
too big."
   - Richard Feynman

Nanotechnology is a 
general-purpose technology

In i ts advanced form nanotechnology 
will have significant impact on almost all 
industries and all areas of society.  It will offer 
better built, longer lasting, cleaner, safer and 
smarter products for communications, for 
medicine, for transportation, for agriculture, 
for architecture, and for industry in general. 
17
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3

Smart

Materials

Next-Gen Smart Materials

V a r i o u s  a s p e c t s  o f  s m a r t 
materials (including quantum dots, 
thermochromics ,  e lec t rochromic 
materials, and various kinds of fiber-
based circuitry) are under investigation 
in labs all over the world. Major players 
include (but are by no means limited to) 
IBM, Nippon Telehone and Telegraph, 
Fujitsu, Delft University, MIT, Harvard, 
Stanford, Princeton, Cornell, CalTech, 
and The Univers i ty  o f  Ca l i fo rn ia 
at Santa Barbara. Wellstone(TM), 
Waffl estone(TM), and Gridwell(TM). 

Polymers that Change Color with 
Chemical or Electronic Stimulus:

Th is  i s  one  examp le  o f  a  Nex t -Gen 
Electrochromic technology. Researchers 
at A*Star and Nanyang Technological 
University have created the first azulene-
based electrochromic device—a material 
that changes color instantly and reversibly 
through electricity—by spinning the polymers 
into thin fi lms and sandwiching them between 
transparent electrodes.  This discovery will 
lead to a new smart window that can change 
from clear to opaque, or change different 
colors to desire different visual effects.  This 
technology is being toyed with in sunglasses 
and ski goggles.

Next-Gen Electrochromics

The Department of Energy (DOE) is in 
the early stages of research on next-
generation electrochromic coatings. 
Conventional electrochromic coatings 
are composed of thick layers, making 
them costly to manufacture. They 
are also absorptive, which increases 
thermal  s t ress .  Next -genera t ion 
research will investigate the use of a 
newly discovered material, reflective 
transition metal hydrides, to create 
simple gasochromic windows that may 
overcome these limitations, enabling 
higher performance and lower cost. 
Other smart window technologies, such 
as suspended particle devices, also will 
be monitored as potentially promising 
alternatives to electrochromics.
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4

 New 
 Technology 

Phase-Change Material Window 
Film:
One of the most intriguing advancements 
of nanotechnology is currently taking 
place in the thermochromic smart 
window category.  These windows 
reduce energy costs by up to 50 percent 
in most buildings.

Programmable Matter
Programmable Matter(TM) is the nano-
engineered material material that is the 
backbone behind these thermochromic 
advancements which can be called 
Phase-Change Material Window Film.

Single-electron transistors, a form of 
quantum dot, were first proposed by 
A.A. Likharev in 1984 and constructed 
by Gerald Dolan and Theodore Fulton 
at Bell Laboratories in 1987. The first 
semiconductor SET, a type of quantum 
dot sometimes referred to as a designer 
atom, was invented by Marc Kastner 
and John Scott-Thomas at MIT in 1989. 
The term "artifi cial atom" was coined by 
Kastner in 1993. 

However, Wil McCarthy (an ex-NASA 
engineer and now President and Co-
Founder of Ravenbrick LLC) was the 
first to use the term Programmable 
Matter(TM) in connection with quantum 
dots, and to propose a mechanism for 
the precise, 3D control of large numbers 
of quantum dots inside a bulk material. 8

A Programmable Matter(TM) smart material 
is any bulk substance whose physical 
properties can be adjusted in real time 
through the application of light, voltage, 
electric or magnetic fields, etc. Primitive 
forms may allow only limited adjustment of 
one or two traits (e.g., the "photodarkening" 
or "photochromic" mater ials found in 
light-sensitive sunglasses), but there are 
theoretical forms which, using known 
principles of electronics, should be capable 
of emulating a broad range of naturally 
occurring materials, or of exhibiting unnatural 
properties which cannot be produced by 
other means.  15
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5

Phase-

Change

The Phase-Change Material Window 
FIlm can be literally programmed before 
installation along several parameters. 
This includes what temperature the 
phase change occurs, what portion 
of the light spectrum is blocked, and 
what level of diffusivity is desired.  It 
is technically possible to adust the 
temperature change point to a precision 
of 0.1 degrees C, but for practical 
purposed a product will be developed 
to change at one "sweet spot," such as 
80 degrees F, or different "sweet spots" 
desired for specifi c geographic regions. 4

How the Phase-Change Filter Works:

The opacity can come two different 
ways: by darkening or by whitening. In 
the former case, the phase changes 
causes the film to block most of the 
light and, in the latter case, the phase 
change instead causes the fi lm to diffuse 
the light. It's the only technology of its 
kind in the industry.  It will react to the 
heat from the sun outdoors during the 
summer.  Less sunlight indoors means 
that the interior would stay cooler, which 
lessens the energy usage and price of 
the cooling load.  The fi lters work just as 
good at keeping the structure warm in 
the winter.  1
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6

 Benefi ts 

Benefi ts

Ty p i c a l l y  [ o t h e r  p r o d u c t s  a r e ] 
electrochromic, which are driven by 
electrical power. The programmable 
matter is active-passive. It's active in the 
sense that it does the change, and it's 
passive in the sense that it does it without 
having any moving parts. 15

The phase change fi lm exemplifi es:

• Significantly reduced heating and 
cooling costs, the greatest energy 
consumers in commercial buildings.

•
• A fully automatic transition, free from 

wires or activation devices.

• Easy to install on new windows or 
retrofi t to existing ones.

• Affordability, particularly compared 
with current smart windows.

• A quantifiable and short-term ROI 
which can be easily determined for 
any specifi c building.

• Aesthetic appeal, enabling the use of 
natural sunlight in building design.

• Improved temperature and light-glare 
comfort for people in the building.

• 20

Disadvantages:
Researchers studied the impact of nanoparticles 
used in the field of nanotechnology on the 
environment.

The goal is to understand and predict the possible 
effects of nanotechnology on the environment. 
These new technologies could thus be developed 
accordingly, in anticipation of possible adverse 
effects.
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7

Effi ciency

Energy usage / Net monthly savings:

Thermochromic ROI Summary
Thermorefl ective fi lter w/ pyrolytic low-E
Building #1: Residential
Two-story residence, 3,487 ft2 fl oor space per story, 20% windowed exterior 
 (total window area = 992 ft2)
Building #2: Large Offi ce
 12-story offi ce building 46,941 ft2 fl oor space per story, 40% windowed exterior 
 (total window area = 38,301 ft2) 
Assuming $25 / ft2 retail cost for thermorefl ective fi lter 
 (vs. estimated manufactured cost of < $16)
Assuming $0.12 / kWh electricity 
 (vs. 2008 peak of $0.16)
Assuming20% annual energy price infl ation 
 (vs. 25% average for 2003-2007) 1
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8

Energy

Microblinds and Optical 
Lithography

The Nat ional  Research Counci l  of 
Canada (Ottawa, ON, CA) scientists have 
developed a microblind system for smart 
windows that can be used to let light or 
heat through a window or keep them out. 
These microblinds work in a very simliar 
way to the Phase-Change windows, in 
that they block heat in the summer but 
allow transmission of heat in the winter to 
warm the space. The microblinds could 
even be used to make window displays. 

The microblinds are patterned by standard 
optical lithography.  Optical lithography 
is a technology that  behaves in a similar 
way to traditional lithography, but it takes 
place on a soft material at a very small 
scale and is patterned by lasers.  The 
blinds can be patterned onto a layer and 
added to a window, or can be patterned 
directly onto the glass.  This technology 
is nothing new, but the nano-industry 
actively developing this technology to 
create new and exciting materials. 13

How it Works?

A mic rob l i nd  sys tem has  an  a r ray  o f 
overhanging stressed microblinds, each having 
an anchor portion attached a substrate and 
a mobile portion.  They are stimulated by 
electrostatic forces and can curl up or down 
to allow or block light.  The blinds can either 
be actuated by an automatic system, or by the 
user.

There are several different embodiments of the 
microblinds, and they are generally very similar. 
One embodiment is created by depositing 
and patterning a number of layers on a clean 
substrate - preferably glass.   The substrate 
could also be platic (roll or foil) that could be 
installed later between two panes of glass.  It 
could also be an illuminated translucent panel 
for use a sign or billboard. 12
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9

Thin

Film

A clean deposition of a diffusion barrier, 
adhesion promoter and insulator layer 
is added on the substrate (layer a). 
This is followed by the deposition of 
a transparent conducting layer that is 
reliable, cheap, and transparent in the 
visible spectrum to allow solar heat gain 
when blinds are open.  Being hard is 
also advantageous (layer b).  The next 
step is the deposition of another insulator 
layer that is a polymer and will keep the 
leakage between layer 'b' and 'e' very 
low (layer c).  Next the release-sacrifi cial-
anchor layer is applied.  It should give a 
very strong contact or anchoring point for 
the microblinds (layer d).  The fi nal layer 
modulates the light through window and 
should have controlled optical properties 
like transmission and refl ection (layer e). 
This fi nal layer must be very thin, and the 
stress is very important.  The stress is 
what can make the microblinds curl.

What Effect can be Produced 
by Manipulating the Solar 
Transmission?

The blinds can either be completely open 
(to allow all light and heat), completely 
closed (to allow shaded light and no 
heat), or partially opened to obtain effects 
in between the open and closed states. 
This is called a "grey level" and can be 
obtained in a few ways.  First, the different 
rows and columns of microblinds could 
be a viariety of geometric shapes (circles, 
squares, trapezoids).  Each shape would 
require a different voltage to activate 
it.  Therefore when applying a voltage V 
to the entire smart window area, onl the 
second and third columns (for example) 
of microblinds will be opened.  Second, 
the grely levels could be achieved by 
switching hte microblinds between states 
at a speed high enough to be undetected 
by users (like how a tv or computer screen 
produces images).

cross section:

a) a transitional layer
b) a transparent conducting layer
c) an insulating layer
d) a release-sacrifi cal-anchoring layer
e) a refl ective, resilient and stressed layer
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The Future: 

In i t ia l  nanotechno logy in f luenced 
improvements to smart materials will 
be relatively simple changes to existing 
technologies. The future however holds 
possibi l i t ies for extremely complex 
solutions for producing not only smart 
mater ials but ones that are highly 
intelligent.

These new materials may incorporate 
nanosensors,  nanocomputers and 
nanomachines into their structure. This 
will enable them to respond directly to 
their environment rather than make simple 
changes caused by the environment. 
As an example materials may be able 
to shape shift. The current emerging 
technology of surface treatments for a 
wall that allows it to change colour might 
be impressive now, but what if the wall 
material could change itself to produce a 
window where and when required.

In the future at Ravenbrick, (for example), 
they are anticipating a RavenSkin Smart 
Wall System. Think of it as a thermal 
battery. McCarthy (head of Ravenbrick) 
says its possible to build an entire 
wall, composed of basically the same 
reversible phase-change material used 
in the window film, that would absorb 
sunlight and other ambient thermal 
energy during the day, and then gradually 
release heat in the evening. The wall, 
for example, could be constructed of 
material that would gradually reverse a 
sun-induced phase change and release 
its heat energy at, say, 72°F.

In the future with the microblind system, 
there could be extra functionality.  Regular 
windows could thus become displays to 
the inside users when there is light outside 
or to outside viewers when the illumination 
inside the building is sufficiently higher 
than the ambient outside light (such as 
at night time).  Even without addressing 
the microblinds, big commercial buildings 
could be come a temporary billboard at 
night time.
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conservation.  Buildings at this time 
were greatly over designed in the areas 
of HVAC because energy was cheap, 
but after the embargo companies and 
individuals began to see a direct economic 
hit in their monthly energy bill.  Building 
operators began to look at the fi rst form of 
building automation in an effort to control 
the increasing energy bills.  Plywood 
boards covered air inlets, effectively 
shutting off systems.  Energy management 
system products then began to appear 
in the market, these products could 
schedule, cycle and shut off equipment. 
While these did reduce energy use they 
also decreased human comfort levels and 
created major indoor air quality problems.
Throughout  the  80 ’s  EMS (energy 
management systems) evolved but it 
wasn’t until the ‘90s that the market saw 
intelligent systems categorized as true 
building automation that reduced energy 
use while still maintaining comfort levels.
Today  mos t  commerc ia l  bu i l d ings 
incorporate basic automation and energy 
management systems through their 
HVAC systems.  The energy crisis’ of 
decades before have shifted from a purely 
monetary efficiency of energy to a new 
moral movement in energy conservation 
and thus allowed building automation 
systems to develop into an ever evolving 
component to the future of sustainability.

BAS

Defi nition &

History

Defi nition

Building Automation Systems (BAS) are 
energy management system that control 
and monitor energy use throughout a 
building at real-time and allows owners 
and tenants to make better decisions 
about the building's energy use.  Unlike 
simple building controls, an automation 
system computes, controls, manages, 
communicates, programs and processes 
a variety of functions throughout a building 
from a single light to an entire ventilation 
system.

History

In 1973 the OPEC oil embargo sent an 
astute message to the energy consumers 
around the world.  The price of oil shot up 
70% and oil shortages forced countries 
such as the US to explore energy

By: Audrey Pierce & Alyssa Tharrett
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BAS

Cost &

Savings

Cost vs. Savings Example

Given: 150,000sf building at a construction 
cost of $175 per square foot.

By invest ing $4 per SF on bui lding 
automation in this example a reasonable 
calculation of energy and operational 
s a v i n g s  a s  w e l l  a s  p r o d u c t i v i t y
improvement savings can be computed.

Operations and energy savings with a 
$4 sf investment can give a 4 year return 
on investment.  By calculating in the 
productivity savings due to occupants 
satisfaction a 1.7 year return on investment 
can be reached. 

For more detailed information please 
refer to  http://www.automatedbuildings.
c o m / n e w s / m a y 0 6 / a r t i c l e s /
ehrlich/060425025140ehrlich.htm

Cost

The typical cost of an efficient building 
automation system in a new commercial 
building is approximately 1-1.5% of the 
total construction cost.  More sophisticated 
systems currently being produced for 
intellegent green buildings can cost up to 
4% of a building cost.

Savings - Monetary & Productivity
BAS can conservatively save 10% of 
a buildings operation cost, which can 
approximate to a 4 year pay back period 
along with an increase in staff productivity 
and eff ic iency.   More than 20% of 
occupants are not satisfied with the 
comfort of the spaces they habitat. 
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"Providing improved comfort, both 
in physical (temperature, lighting, 
h u m i d i t y,  I A Q )  a n d  e m o t i o n a l 
terms (confidence, convenience, 
empowerment, assurance) allows 
occupants to focus on their mission 
in the building and not spend time 
focused on the lack of comfort. "

"Why your next project should be an Intelligent 
Building" by Paul Ehrlich

"In-home energy displays present 
information on electricity and gas 
consumption, enabling consumers 
to monitor and control their energy 
usage. By making consumers more 
conscious of their day to day energy 
consumption, such displays can 
help change behaviour and promote 
energy saving habits. National and 
international experience suggests that 
such feedback leads to between 5 and 
15 percent energy savings"

The Smart Way to Display
Published by Energy Saving Trust �
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Properties

shades rise, the coffee pot starts and 
the rest of Fred’s building automation 
eases him into the day. As Fred drives 
off his building detects he is gone and 
shuts down unnecessary appliances and 
systems.  Fred can drive confidently to 
work in his gas guzzling car, content that 
his building automation does more for the 
environment than trading in his SUV for a 
hybrid car. 

End Scene

As the allegory implies above, building 
automated systems can have a large 
impact on everyday life.  There are few 
divisions of a building that an automated 
system cannot  improve.   The next 
section will list a wide array of systems 
and controls integrated with a building 
automated system.

Begin Scene

Fred pulls his fuel guzzling SUV into the 
driveway after a long day of teaching.  As 
he opens his front door the transmitter 
attached to his keychain sends a signal 
to the building automation system at his 
home.  The shades covering the western 
windows relax to allow a better view 
of the mountains after an afternoon of 
protecting the home from unwanted heat 
gain.  The lights in the kitchen begin to 
glow in anticipation of a home cooked 
meal and PBS greets Fred from the TV. 
The thermostat automatically shifts to a 
comfortable 72 degrees after having a 
break all day while no one was home. 
After diner he fills the dishwasher and 
sets it to start.  The appliance’s display 
alerts Fred that his energy consumption 
is reaching a peak energy demand time 
period for the day and it will wait to start 
when the energy demand of the area 
lowers, thus saving energy use and 
cost.  At the end of the day Fred sits at 
his computer and reviews the report his 
home automated system generated.  This 
report points out maintenance issues that 
have been detected and a populated list 
of contractors to help.  It summarizes his 
daily energy use and highlight spots of 
spiked energy consumption along with 
a list of solutions to avoid spikes in the 
future.  After a restful night’s sleep the
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The prev ious ly  l is ted systems can 
be controlled through many different 
preferences,  including:

• Energy data communication
• Individual personal preference
• Time of day
• Humidity
• Number of occupants
• Indoor/Outdoor temperature
• Solar thermal load
• Motion

Evolving BAS controls now allow for:

• Remote & Web-based 
 (wireless control)
• Smart Grid compatible with 
 Smart Meters
• 2-way communication with 
 energy grids
• Real-time maintenance monitoring 
 & solutions
• Open platform software
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BAS

Systems &

Controls

Building Automation Systems can control a 
variety of interfaces throughout a project, 
including:

• Heating
• Ventilation
• Cooling
• Lighting
• Appliances
• Facades/Louvers
• Water
• Gas
• Operation & maintenance
• Logging & monitoring 
 energy data
• CO2 monitoring
• Diagnosis
• Security systems and 
 biometric access
• Paging devices
• Shutters/blinds
• Power supply
• Sanitation
• Multimedia
• Telephones
• Elevators
• Payroll/accounting
• Facility management

The Fénix Garden Hotel uses a new building 
automation system that integrates HVAC, fi re safety, 
and solar energy systems through a single interface.
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IPv6

Internet protocol is nothing more than 
a set of rules that govern the way data 
is transmitted over the Internet. It is 
nonetheless the backbone of all web-
based building automation systems that 
are being used today. 

The current Internet protocol version 
4 (IPv4), however, has its limitations 
that hinder the advancements of BAS 
technologies. The major problem with the 
existing IPv4 is that it is running out of IP 
addresses. Although IPv4 which is 32-
bit, has a little over four billion Internet 
addresses, it does not have the capacity 
to allocate unused IP addresses to every 
device used in existing and or that will be 
used in future edifi ces. Keep in mind that 
our mission is to communicate better with 
our buildings and the most effective way 
to accomplish this is by assigning unique 
IP addresses to dampers, temperature 
sensors, and other commonly found 
building gadgets that will eventually be,  if 
they have not already been automated. 
The next generation of Internet protocols, 
that is IPv6, which is a 128-bit address, 
does just that. Aside from its other inherent 
benefits as listed on the next page, its 
ability to provide a vastly larger address

Information Technology of BAS

For the last eight years, leaders in the BAS 
industry have been persistently redefi ning 
the way BAS technologies communicate 
with each other. It is no longer about 
creating a BAS product that operates 
autonomously from its competion, but 
rather have the capability to integrate 
itself in BAS systems other than its own. 
Integration is an important factor that 
is helping pave the way for the latest, 
greatest building automation systems of 
tomorrow. 

Two new emerging technologies, which 
address the integration issue and which 
will revolutionize the building automation 
industry, are Internet protocol version 
6 (IPv6) and cloud computing. Both of 
these technologies will change how the 
industry thinks about communication. The 
reason is that improvements in wireless 
technologies are providing BAS leaders 
the opportunity to develop innovative BAS 
solutions that can help fulfi ll the increasing 
demand to communicate better with our 
buildings from a new perspective. 

BAS

IT Backbone 

& IPv6
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A sample of an IPv4 address in a dotted-decimal 
notation.

A sample of an IPv6 address in a hexadecimal 
notation.
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BAS

IT Backbone 

& IPv6

Stateless address autoconfi guration:

 IPv6 hosts can confi gure 
themselves automatically when 

 connected to a routed IPv6 
 network using ICMPv6 router 
 discovery messages

Multicast:

•  Has the ability to send a single 
 packet to multiple destinations

Mandatory network layer security:

•  It is no longer optional, but 
 mandatory to have an IP security 
 or protocol for IP encryption and 
 authentication

Simplifi ed processing by routers:

•  Simplier IPv6 packet header
•  IPv6 routers are no longer 

 expected to perform 
 fragmentation, leaving the IPv6   
 hosts to do the job

•  IPv6 routers are no longer 
 expected to recompute a 
 checksum when header fi elds 
 change

•  IPv6 routers are no longer 
 expected to compute the time a 
 packet has spent in a queue

Options extensibility:

•  Unlike IPv4, IPv6 headers can 
 easily be extendable to support 
 future services for QoS, security, 
 mobility, etc. without a redesign of 
 the basic protocol

For more detailed information please refer 
to  http://en.wikipedia.org/wiki/IPv6

space than the current IPv4 allows a 
better, systematic, hierarchical allocation of 
addresses and effi cient route aggregation. 
According to wikipedia, "Renumbering an 
existing network for a new connectivity 
provider with different routing prefi xes is a 
major [undertaking] with IPv4. With IPv6, 
however, changing the prefix announced 
by a few routers can in principle renumber 
a n  e n t i r e  n e t w o r k  s i n c e  t h e  h o s t 
identifiers...can be independently self-
configured by a host." This enables BAS 
designers to utilize IPv6 to expand their 
building automated systems to include 
devices (e.g., actuators and switches)for 
better control over energy consumption 
and usage. 

How does IPv6 differ from its 
predecessor?

• Larger IP address space
•   Jumbograms
•   Stateless address autocon-  

fi guration
•   Multicast
•   Mandatory network layer security
•   Simplifi ed processing by routers
•  Options extensibility

Larger IP address space:

•  3.4 x 1038  addresses or
•  approximately 5 x 1028 addresses 

 for each of the roughly 6.5 billion 
 people alive in 2006 or

•  the same number of IP addresses 
 per person as the number of 
 atoms in a metric ton of carbon

Jumbograms:

•  IPv6 supports data packets that 
 exceed the size limits of IPv4
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IP addresses, owners will be able to 
better communicate with their buildings 
via the cloud, running complex algorithms 
to produce detailed reports remotely 
from a cell phone perhaps or directly 
from a hardwired interface, on power 
consumption changes in real time.

Furthermore, with the cloud in place, 
building automation systems will be able 
to run applications and store necessary 
data on servers miles from the premises. 
The option is there to be managed by IT 
specialists if necessary. 

The cloud also becomes a tool to allow 
BAS infrastructures to expand easily as 
information requirements increase. 

On top of that, the cloud will be able to 
analyze the system with one month's data 
and update the code in the local device 
based on possible failure scenarios. It is 
a self-healing system that translates to 
money saved. 

When there is enough data stored, the 
cloud will be able to calculate predictions 
for the future and will alert the user for 
possible break downs. 

Last, but not least, playing back individual 
device performances would be l ike 
watching a movie; it would be visually 
easier to identify problematic areas rather 
than interpreting points on charts.

Cloud Computing

The actual benefit of IPv6 comes with 
the next emerging technology, cloud 
programming. At its most basic level, the 
cloud is simply the Internet. It is not a 
new concept by any means. In fact, it has 
been around since the 1980s, but have 
only been popularized in recent years 
due to the technological advancements 
i t  has made; i t  has gotten cheaper, 
it util izes more sophisticated remote 
software, and it is easier to store, edit, 
and share information than emailing fi les. 
Some familiar examples of cloud-based 
applications are Yahoo Mail, GMail, and 
Hotmail.

For the BAS industry, however, this is 
"new" technology that is going to help 
change the way buildings operate in the 
future as the desire for net-zero energy 
edifices become more prevalent and 
obtainable. The market will shift from using 
proprietary to open source standards 
where key companies contr ibute to 
making compatible BAS products at an 
economical rate. This is essential to the 
implementation of cloud computing.

The cloud has so much to offer. Once 
building devices have their own unique

"Cloud comput ing  is  here ,  and 
growing, and quite useful. It will only 
get better and better."

"PC Use Increasingly Basks Under the Cloud" 
by Walter  Mossberg
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BAS

IT Backbone

& Cloud
Computing

query from the cloud and can return the 
value to the cloud, to the local device and 
to the local user interface.  This will enable 
the programmer to have vast possibilities 
for their applications. The cloud can
automatically calculate different variables 
such as power consumption changes from 
the cloud database and can generate 
reports for the whole life time of the 
building.  That much data can be used to 
optimize the building to its fullest extents."

"Future of Building Automation with IP Version 6 & 
Cloud Networking" 
by Alper Uzmezler

"Here is a scenario of an air handling 
unit controlled by the cloud.  The air 
handling unit has a supply temperature 
and it has methods stored in the sensor. 
The sensor has a mini computer that is 
capable of simple calculations and able 
to communicate to the cloud or the local 
controller.  The local controller consists of 
wireless connectivity devices and is located 
close to the specific air handling unit or 
units.  It does not require input output 
cards as every device communicates via 
IPv6. The local controller is programmed 
to run the air handling unit optimally.  It’s 
main purpose is the calculate PID loops, 
starts and stops, etc.  The local controller’s 
application is automatically updated by the 
cloud.  Every device on the network such 
as temperature sensors can connect to 
the cloud for simple executions such as 
storing trend data and also can initiate a 

This is a graphic depiction of how the cloud would interact with the user, the local controller, and various building 
devices connected to the BAS system. 
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be introducing the fi rst of its kind in the 
UK this summer, can be accessed via cell 
phones. Their built-in mobile communica-
tion technology makes this possible. Their 
meters will also have the ability to accomo-
date communication with smart appliances 
as they become widely available in the 
market. Additionally, they will use lower lev-
els of electricity to operate than their prede-
cessors as well as featuring a roaming SIM 
to pick up the strongest mobile network to 
transmit information wirelessly. Until now, 
smart meters were restricted to one mobile 
network, hampering installation of meters if 
the signal for that network was not strong 
enough.

With this new technology about to hit the 
market in a few months, it is most likely 
that other major players in the industry 
such as General Electric (GE), Itron, and 
Landis+Gyr will follow suit, launching their 
version of the next generation of smart me-
ters.

Smart Meters

Electricity metering is undergoing its 
greatest transformation since the fi rst 
meter was installed more than 120 year 
ago.  Advanced metering infrastructure 
(AMI), integrating two-way communi-
cations with energy measurement, is 
on the front lines of utility Smart Grid 
deployments, promising major energy 
savings by changing how and when 
customers use electricity...More than 
250 million smart meters will be in-
stalled worldwide by 2015.” 

PikeResearch

Smart meters play a vital role in monitor-
ing energy production and consumption of 
net-zero energy buildings. They are much 
more advanced than traditional meters, 
whether electrical or gas, that we know 
of today (see chart on page 11). They are 
nonetheless the epicenter for smart grids, 
a two-way, near real time communication 
between users and utility companies that 
facilitates the increase reliability of electric 
services while providing insight into a build-
ing’s energy use patterns and a means for 
returning renewable energy back to the 
grid. Other major features include remote or 
automatic load-shedding and load cycling, 
displaying energy prices and CO2 emission 
levels, offering prepaid services through 
the devices, performing remote updates, 
providing remote connect and disconnect, 
and detecting tamperages and outages.

What makes the next generation of smart 
meters different from current smart meters 
is that they are able to offer a combination 
of unique features not found on any smart 
meter currently available. The next genera-
tion of smart meters, which OnStream will
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liest form. Smart meters will gather energy 
usage information over hardwire or wi-fi  
from such devices such as smart thermo-
stats, smart appliances, and solar and wind 
technologies, transmit the data upstream 
through radio technology to the smart grid, 
and then onto the local utility company. 
This not only makes it fast and easy to con-
nect, transfer, and disconnect service, but 
also allow the utility company to shed load 
during peak usage and pricing periods. 
How the end consumers benefi ts is from 
the information received back from the util-
ity company via the smart meters and dis-
played on BAS monitors. They are able to 
view their energy consumption, CO2  emis-
sions, and energy costs on an incremental 
basis. It allows them to identify opportuni-
ties to save on monthly energy bills.

BAS technologies including smart meters 
thermostats, and smart appliances are 
continuing to move toward wireless com-
munication. Downstream, smart thermo-
stats such as the ones being unveiled this 
summer by Silverpac called the Silverstat 
7, has a mini computer that gives a real-
time energy display with a wi-fi  interace that 
can pull electricity usage information from 

smart meters, 
or vice versa. 
General Electric 
who has signed 
a patent license 
agreement with 
SIPCO and IN-
TUSIQ, licen-
sors of the Es-
sential Wireless 
Mesh patent 

portfolio, is another company example that 
is eager to enter into the “wireless” smart 
appliance market but have not done so as 
of yet. But when these products are made 
available, they too will be able to talk with 
the new smart meters just discussed.

Nonetheless, the point being made here is 
how smart meters work in the most simp-

Silverstat 7
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Easy to read Yes Yes No

Reports outages Yes Yes No

Necessary monthly readings No No Yes

Helps conserve electricity and or gas Yes Yes No

Takes advantage of lower rates Yes Yes No

Ability to automatically adjust central 
A/C units in the summer

Yes Yes No

Ability to communicate with smart grids Yes Yes No

Ability to transmit and receive informa-
tion wirelessly in both upstream (distri-
bution and transmission assets) as well 
as downstream applications (automated 
operation of consumer appliances and 
smart controls)

Yes Yes No

Ability to communicate with smart ap-
pliances 

Yes No No

Mobile communication Yes No No

Restricted to one mobile network No Yes n/a

Level of power consumption used to op-
erate the smart meters

Lower Higher Higher
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Comparing Smart & Traditional Meters
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Smart
Appliances

Smart appliances, such as the ones listed 
above, have software integrated into their 
operations that can communicate with the 
electric grid, smart meters, and other smart 
appliances. They can adjust themselves 
automatically, although they could be over-
rided, to use less electricity when prices 
are highest and powering down or delaying 
operations to avoid using power when oth-
er high energy consuming appliances are 
running. The wireless intergration will fur-
ther allow the appliances to be controlled 
from different points whether it be from a 
web browser, iPhone, or in-home display.
They are designed to be fully integrated 
with building automated systems that will 
encourage users to effi ciently consume 
and consciously manage their electric us-
age.

Take, for instance, how current refrigera-
tors operate. The auto defrost cycle, which 
uses a considerable amount of its electric-
ity, are prompted by factors like door open-
ings. Ideally, You do not want the defrost 
mode to run during peak periods of pric-
ing. You rather have it run during the night 
when energy prices are lower. A smart 
refrigerator, on the other hand, will sense 
what the cost is and know when it is the ap-
propriate time to run the defrost mode. Now 

Smart Appliances

“With little or no intelligence to balance 
loads or monitor power fl ows, enough 
electricity is lost annually to power In-
dia, Germany, and Canada for an en-
tire year.” 

IBM

Appliance manufacturers such as General 
Electric (GE), Whirlpool, Electrolux, and In-
desit are currently leading the smart appli-
ance movement. They have jumped on the 
band wagon early on because there is a 
lot of potential to capitalize on this market. 
According to ZPryme, a research and con-
sulting company, the global houshold smart 
appliance market is projected to grow from 
$3.06 billion in 2011 to $15.18 billion by 
2015 as the smart grid technologies gain 
traction and momentum in the wider econ-
omy. By 2011, the U.S. is expected to have 
majority of the global market share, ac-
counting for 46.6 percent or $1.43 billion, 
but is predicted to lose part of it to China 
as it dips to 36 percent or $5.46 billion by 
2015.

•  Dishwashers & ranges
•  Washers & dryers
•  Microwaves & water heaters
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Water heaters, the second highest energy 
user in the home behind heating and cool-
ing, is another less effi cient appliance that 
will eventually be replaced by smart tech-
nologies like the ones being developed by 
GE. The future of water heaters, whether 
for commercial or residential use, will be 
electric hybrids. They will operate on the 
same principle as the smart refrigerators. 
When the rates are high, these smart wa-
ter heaters will silently choose the lower 
rate for their heating mode. They will also 
be programmable where the user can ex-
change information about vacation plans 
and guest schedules in addition to being 
able to communicate with smart meters 
and the smart grid. At their most basic 
level, they will absorb heat from the ambi-
ent air and transfer it to the stored water to 
achieve the desired temperature. 

when the energy prices increase, the ap-
pliance automatically knows to go into an 
energy conscious state. When the prices 
reach its peak demand, it ensures that it is 
conserving energy as best as it can. This 
new technology that is still being research 
in labs is expected to reduce electricity 
consumption by 15 percent. 
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In order for the smart appliances to make 
a huge presence in the market, several 
conditions will have to be met. It takes a 
collaborative effort amongst the appliance 
manufacturers (e.g., GE and Whirlpool), 
the smart grid integrators (i.e., the software 
developers such as IBM and Cisco), and 
the utilities to make this a success. The 
conditions are listed as follows: 

1.  Competition. The market needs a vari-
ety of small, medium, and large appliance 
manufacturers competing against one an-
other to make it affordable for the average 
consumer.  

2.  Standardization. There needs to be a 
seamless integration across the smart grid 
ecosystem. Integrators must communicate 
with utilities and smart appliance manu-
facturers in regard to developing smart 
appliance standards, knowledge transfer, 
effi ciency testing, and the optimization of 
systems and networks that communicate 
with smart appliances.

3. Expansion of Smart Grid Infrastructure.  
The smart appliance growth relies heavily 
on how quickly the smart grid infrastructure 
is installed and readily accessible to com-
munities. It is a major undertaking by the 
utility companies, but they are responsible 
for building the smart grid infrastructure 
that will let consumers fully reap the ben-
efi ts of smart appliances.

BAS

Smart
Appliances

Disadvan-
tages
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Disadvantages

A r g u m e n t s  o v e r  t h e  w i d e  s p r e a d 
implementation of BAS and the Smart Grid 
focus on privacy and security issues.  The 
fear of terrorism is at the forefront of many 
people’s minds because of the vulnerable 
network of computers communicating 
wirelessly in building automated systems. 
Cases have occurred where hackers 
compromise a building automation system 
and wreck havoc for the building.  One 
such instance happened at a small U.S. 
airport where the hacker turned off the 
runway landing lights.  Other opponents to 
the BAS & Smart Grid movement believe it 
will jeopardize their right to privacy under 
the US Fourth Amendment. 

“Hackers may manipulate the grid in 
many wants:  they could completely 
cu t  power  to  use rs ,  caus ing  a 
blackout; they could electronically tell 
the computers that less electricity is 
needed, thus causing brownout; or 
they could initiate a denial-of-service 
attack in which the smart grid is made 
to attack itself.”

Building Technology and Terrorism
by John J. Fanning
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While building automation originally started 
as a response to monetary pressure it will 
continue to develop as a green building 
tool used towards a zero-net-energy 
tomorrow.  

The first step in building a greener future 
is education for occupants and builders. 
Owners should be able to see real time 
energy usage via smart meters in an effort 
to reduce consumption.  Architects should 
be equipped with the knowledge to plan 
and design these intelligent automated 
systems within each building so they can 
meet the needs of the future.

A green building cannot exist without 
intelligence, which is the component BAS 
brings to a building.  The future will be a 
connection of these intelligent buildings 
working together within a smart grid that 
is capable of maintaining equilibrium 
b e t w e e n  e n e r g y  p r o d u c t i o n  a n d 
consumption.

BAS is inherently IT based, which is a 
sector that advances consistently and 
exponentially, thus providing a bright future 
to the endless possibilities of building 
automation.
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 “ E n e r g y,  b u i l d i n g s ,  a n d  t h e 
environment are interl inked in a 
symbiotic relationship, and the results 
of this interaction can be optimized 
for maximum gains by convergence 
of Green and Intell igent building 
concepts.  An intelligent building is 
one in which the building fabric, space, 
services and information systems 
can respond in an efficient manner 
to the initial and changing demands 
of the owner, the occupier and be 
in harmony with the environment. 
Intelligent buildings not only have 
energy effi ciency but also have safety 
and telecommunications systems and 
other required automations propelled 
by innovations.”

Intelligent Green Buildings Of Tomorrow
by Dr. S. V. Ranade

Offi ce Building in Steiermark, Germany
Dynamic facades that adapt automatically to their surroundings could not exist without building automation.
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History and Background.

The magnetic properties of natural ferric 
ferrite were first described by Greek philoso-
phers around 600 BC. While William Gilbert 
in the 1600s and Benjamin Franklin in the 
1700s both did significant work dealing with 
electricity, one of the most important discov-
ery was made in 1855 by Michael Faraday: 
electromagnetic induction. His work dealt 
with how electric currents work and many 
inventions of the first half of the 20th century 
were based on his experiments.

Applications of magnetic properties:

- Medical/Pharmaceutical
- Magnetic Levitation
 - Levitating Trains
 - Wind Turbines
- Magnetic Bearings
 - Permanent Magnetic Motors
 - Chillers
- Adiabatic Demagnetization
 - Cooling Systems
- Magnetic Separation
 - Water Treatment

Magnetic Levitation:

Magnetic Levitation (MagLev) is a is a 
system of transportation that suspends, 
guides and propels vehicles - predominantly 
trains - using magnetic levitation properties 
from a very large number of magnets for lift 
and propulsion. This method has the 
potential to be faster, quieter and smoother 
than wheeled systems.

The track creates a travelling magnetic field 
beneath the train, which lifts the cars and 
propels them at 300-plus mph. The train’s 
on-board systems are powered by induction 
from the track (only the section of track 
under the train is energized).

Magnetic Motors:

In permanent magnetic motors the magnetic 
flux is created by a series of permanent 
magnets inserted directly onto the rotor 
(IPM). The use of permanent magnets 
minimizes rotor losses, the temperature rise 
is consequently smaller, creating a signifi-
cant improvement in the overall efficiency of 
the machine. This type of motor works as a 
matter of course with a variable speed drive.
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Magnetic Systems in Elevators.

Elevators using Permanent Magnet 
Synchronous Motors:

PMSM elevators are already in use today 
and present many advantages, such as a 
simplified mechanical system for the lift, 
improved comfort, reduced noise and 
vibration, and energy savings. The compact-
ness of PMSMs allow for the elimination of 
the machine room, above or adjacent to the 
hoist way. The motor and control systems 
can be mounted within the hoist way itself. 
Also, elevator machine rooms are areas 
where substantial air leakage and heat loss 
from the building occurs.

The System, use axial flux motors which 
results in a very compact, light, and as flat as 
possible motor which can be wall mounted 
within the reduced room available in the 
hoist way. These motors, are very similar in 
operation to the more common radial flux 
designs. The stator produces a constant 
rotating magnetic field to which the rotor 
aligns itself at synchronous speed. Perma-
nent magnets are affixed to a disc shaped 
rotor, whereas the stator has a three-phase 
toroidal winding. The sheave is integrated in 
the rotor to achieve greater compactness.

Benefits:
- Energy saving up to 60% v/s hydraulic
- Very low Power consumption
- High Efficiency PM Motor Technology
- Ride Quality
- Gearless Traction Elevator Performance
- Smooth Ride
- Quiet – Noiseless Operation
- Environmentally Responsible
- No Hydraulic Oils – Zero Spill Risk
- No hot oils smell
- Building Efficiency
- Recover Machine Room Space
- Machine Room Less Space 
     (reduce construction costs)
- Flexible Layout

Disadvantages:
- May require case-by-case approval by local
code authorities that have not adopted the 
latest national ASME elevator safety code 
- Core dimensions and installation require-
ments vary according manufacturer 
Still relatively new in U.S. 
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Elevators using Linear Synchronous Motors

The Magnemotion company has been 
developing for several years the Linear 
Synchronous Motor System, which is 
basically pallets moved on a track by 
magnetic fields. Similar to the Maglev Train 
Technology, where the LSM produce the 
movement of the magnets using the proper-
ties created by the magnetic field (attraction 
and repulsion).

All motor components, controls, and position 
sensors are build into the stationary motor 
segments in the track. The pallets them-
selves have no powered components so 
there is no need for complicated electrical 
and control connections or cabling, and they 
are able to carry loads as heavy as several 
tons up to 4 m/s. 
Pallets, also, can be equipped with a range 
of support including flanged or groove guide 
wheels, and rollers on rails, depending on 
payload sizes, speed, weight, and number of 
pallets in the system.
Bidirectional system of any size or complex-
ity can be constructed combining QuickStick 
modules. The system has not traditional 
power-transmission parts, so maintenance in 
low. 

Currently, the system is being tested in 
diagonal and vertical directions with the goal 
of creating an elevator system supported by 
electromagnetic fields.

For elevator applications, an important 
property of the LSM is the individual stator 
segment that operates with low-duty cycle. 
This means, the system could be able to get 
a much higher thrust than one might infer by 
scaling the force capabilities of rotary 
motors. So, they could be able to overload 
LSM without affecting reliability.

Benefits:
- Eliminates ropes and counterweights
- Higher speed at no higher cost
- Motor efficiency over 85%
- Multiple cabs in a simple hoistway 
- Switch cabs between adjacent hoistway 
- Energy generated by a descending cab can 
be used by an ascending cab, can be stored 
in a battery or can be returned to the mains
- System is less costly when cabs are 
operated at relatively high speeds, because 
stator duty cycle is low 
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Magnetic Cooling Systems

Chillers based on Magentic Levitation 
Technology:

The MagLev Chiller is the first sustainable 
compressor design in the air conditioning 
industry. It runs on a virtually friction-free 
compressor, which eliminates heat and 
reduces energy consumption. 

The principle of operation of a magnetic 
bearing is an electro magnetic device, which 
maintains the relative position of a rotating 
assembly (rotor) with respect to a stationary 
part (stator). The electro magnetic forces 
implemented for this are controlled by an 
electronic control cabinet. An active 
Magnetic Bearing is, therefore, made up of 
three distinct parts:
- The bearing itself
- The electronic Control System
- The Auxiliary bearings

Because the MagLev Chiller’s shaft and 
compressor turbine spins suspended and 
centered in an electromagnetic field, there is 
no friction, no wear on surfaces, and no oil 
contamination of the unit’s heat exchange 
surfaces. The chiller’s oil-free design 
eliminates oil maintenance, its costs, and 
environmental damage caused by oil use 
and disposal. In addition, the units at the 
U.S. Mission in Geneva will be air cooled as 
opposed to water cooled, eliminating 
wasteful water consumption, the need for a 
cooling tower, the need for hazardous 
biocides and anticorrosion chemicals, and 
associated sewer costs.

Benefits:
Can reduce energy used for air conditioning 
by up to 30%
Minimal refrigerant charge is safer for the 
environment and less costly
Significantly quieter operation than a 
full-sized chiller
Oil-free refrigerant system means that oil 
cannot make its way onto the heat transfer 
surfaces and degenerate the efficiency of the 
system
Required electrical startup current for 
MagLev compressor is just 2 amps v/s a full 
size compressor requiring 500-600 amps
A MagLev compressor’s weight is one-third 
of what a conventional compressor of similar 
capacity would be. It requires significantly 
less material and energy to manufacturer a 
MagLev compressor, adding positively to 
your carbon footprint reduction process
Fully functional internal computer provides 
high level monitoring and diagnostics
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Magnetic Refrigeration:

Magnetic refrigeration is a cooling technol-
ogy based on the magnetocaloric effect 
(Thermodynamic properties of magnetic
materials). This system is an alternative to 
the vapor-compression technology and it 
getting more attention because it is a high 
efficiency and environmental friendly 
technique, because is avoiding the ozone-
depletion or global warming gases and it 
does not use chlorofluorocarbons.

There are two essential points to make this 
system work:
- Material w/large MCE
- High Magnetic Field created by Magnetic 
Sources

Magnetocaloric Effect

The magnetocaloric effect is the property of 
some materials to change its temperature 
when they are exposed to a changing 
magnetic field. Gadolinium (Gd), was the first 
material discovered with magnetocaloric 
properties. Since then, several other 
materials and Gadolinium alloys have been 
studied.

A magnetic cooling system follows a cycle 
similar to the traditional refrigeration cycle, 
only there is no working fluid - just magneto-
calorics and a magnetic field.

A magnetocaloric material heats up when 
magnetized (b); if cooled and then demagne-
tized (c), its temperature drops dramatically 
(d).

The AMR (Active Magnetic Refrigeration) 
cycle is analogous to the conventional gas 
system.
The magnetocaloric regenerator is placed in 
the middle of the refrigerator surrounded by 
heat transfer fluid. In one end of the regen-
erator bed a cold reservoir is placed and a 
hot reservoir is placed in the other end. 
Pistons in each end can move the heat 
transfer fluid through the regenerator. 
The figure inserted at the bottom show the 
temperature profile through the refrigerator 
at steady‐state.
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The cycle starts with a temperature gradient 
along the regenerator. In step 1 the AMR is 
magnetized, the temperature in the regen-
erator is increased and the gradient is “lifted” 
upwards. In step 2 the fluid is shifted from 
left to right and the hot fluid is moved out to 
the hot reservoir where heat is rejected, 
resulting in a new temperature distribution. In 
step 3 the AMR is demagnetized shifting the 
gradient “downwards”. Finally, in step 4 the 
fluid is shifted from right to left letting the 
cold fluid absorb heat from the cold reser-
voir; this returns the AMR to its original 
temperature distribution.

The thermodynamic system consists of the 
magnetic sample (grey area) and the magnet 
(red and white area), the arrow denotes the 
direction and strength of the magnetic field. 
Within the sample the total magnetic field is 
increased due to the
magnetization of the sample.

The relationship between the temperature 
dependence of the magnetization and the 
magnetocaloric effect. The magnetocaloric 
effect is largest around the Curie tempera-
ture where the material experiences a phase 
transition. The adiabatic temperature change 
will have a positive peak and the isothermal 
entropy change will have a negative peak.

Magnetic refrigeration could be competitive 
with conventional gas compression refrigera-
tors operating below ambient temperatures, 
with a five-year payback for large scale 
building air conditioning or supermarket 
chillers or food processing plants 
(refrigeration and freezing). 
The energy savings by replacing a conven-
tional gas-cycle (Freon or ammonia) 
refrigeration unit with a magnetic refrigerator 
were estimated to be 30% along with the 
elimination of Freon or ammonia, as an 
added environmental benefit Work on the 
magnetic refrigeration device a rotary, room 
temperature, permanent magnet, magnetic 
refrigerator began in 1998 at Astronautics 
Corporation of America (ACA). In the 
meanwhile Ames Laboratory (AL) entered 
into a three year with ACA to assist ACA to 
bring this apparatus, called a laboratory 
demonstration magnetic refrigerator.
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Permanent Magnet Synchronous Motor:
http://www.engineerlive.com/Asia-PacificEngineer/Power_Transmission/Internal_permanent_magnets/15627/

- MAGNETIC LEVITATION
http://en.wikipedia.org/wiki/Maglev_(transport)
http://www.howstuffworks.com/maglev-train.htm
http://hacknmod.com/hack/electromagnetic-train-levitation/
University of Sherbrooke developed a scale model train that levitates
http://www.o-keating.com/hsr/maglev.htm

- USE IN ELEVATORS
http://www.toshiba-elevator.co.jp/elv/infoeng/pressrelease/20060117e.jsp
http://www.kone.com/corporate/en/Pages/default.aspx
http://www.edcmag.com/Articles/Feature_Article/ea8554b329697010VgnVCM100000f932a8c0__
http://rebar.ecn.purdue.edu/ect/links/technologies/mechanical/ecosystem.aspx
http://machinedesign.com/article/mechanical-systems-go-high-tech-0307
http://www.magnemotion.com/

- MAGNETIC COOLING SYSTEMS
http://geneva.usmission.gov/2009/04/02/maglev/
http://www.multistack.com/pressroom/documents/StateMagazineArticle.pdf
http://www.sciencedaily.com/releases/2009/05/090515083822.htm
http://newenergyandfuel.com/http:/newenergyandfuel/com/2009/05/25/progress-update-on-magnetic-refrigeration/
http://www.nrel.gov/docs/fy01osti/26785.pdf
http://www.ameslab.gov/news/Inquiry/fall97/bigchill.html
http://www.absoluteastronomy.com/topics/Magnetic_refrigeration
http://projects.bre.co.uk/cool/magnetic.htm
http://findarticles.com/p/articles/mi_m1272/is_n2625_v125/ai_19496180/
http://www.youtube.com/watch?v=eOgh1Gaelzs

- LOOKING TOWARDS THE FUTURE
Magnetic Motorcycle:
http://www.youtube.com/watch?v=NUXhJZZRUIg
UK Magnet Technology:
http://www.youtube.com/watch?v=Obw6qSZdsd4
The Space Elevator:
http://www.spaceelevator.com/
http://via-venture.over-blog.com/article-4864116.html
Magnetic Generators and Motors:
http://peswiki.com/index.php/Directory:Magnet_Motors
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Thin Film 
Technologies

Kevin Nguyen

Maciek Gesikowski

Magnetic
Systems

Roberto Pesce

Fabian Baumann
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DEFINITION

APPROACH

CONTENDERS

What makes lighting 
“sustainable”?

The International Association of Lighting 
Designers (IALD) defi ned sustainable lighting 
in 2001 as:
Lighting design that meets the qualitative 
needs of the visual environment with the 
least impact on the physical environment

Sustainable Approach to Lighting 
Design

IALD’s sustainable approach to lighting 
design includes:
• Collaborating with other design disciplines 
to further green building practices
• Maximizing the use of daylighting
• Minimizing the use of energy
• Avoiding skyward illumination
• Ensuring system durability and 
maintainability
• Encouraging environmentally responsible 
manufacturing processes
• Advocating the development and use of 
renewable energy and other sustainable 
building materials and technologies

http://www.archlighting.com/industry-news.as
p?articleID=452970&sectionID=0

Current Leading Contenders in 
Sustainable Lighting

Solid State Lighting
Fiber Optics
Hybrid Solar Lighting
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SOLID STATE

Types
Features
Progression
Future

SOLID STATE LIGHTING (SSL)

The three major types of solid state lighting 
technology are LED, OLED, and PLED.  LED 
is silicon based, OLED is organic based 
with organic molecules in the emissive and 
conductive layers, PLED is similar to OLED 
technology but utilizes polymers for the 
emissive and conductive layers.

Controllable Features of SSL

Solid state lighting sources have many 
features which are, in contrast to 
conventional lighting sources, can be 
controlled and tuned with high accuracy.  
These controllabe features include, 
spectrum, polarization, color temperature, 
modulation, and emission pattern.

There are four main approaches to achieving 
white light from LED sources.  Two or thee 
LED’s are combined to produce white light 
or a single LED will be coated with various 
phosphor layers to produce white light.

Historical Progression

1907 - Round discovers light from SiC crystal
1921 - Lossew Rediscovers effect
1962 - Holonyak/GE produce 1st LED $260
1963 - Light from Organic Crystals (OLEDs)
1968 - Red LEDs
1971 - Yellow, Green, Amber LEDs
1990 - AlInGaP LED, Large increase in  
           effectiveness & effi cacy
1993 - Blue/Green InGaN LED
2003 - White LED, 34% Quantum Effi ciency

Future

The effi cacy of LEDs will increase rabidly 
through 2012, spurring widespread adoption.  

LED technology roughly follows Morre’s 
Law for computer technology, indicating that 
LED’s will double in brightness and decrease 
to half the previous cost every 18 to 24 
months.
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SOLID STATE

OLEDs
Roadmap
Advantages
Challenges
Future

OLED Technology OLED Future

“And, with thin-fi lm fl exible organic materials, 
computational circuits may dissolve into 
the products they control. Why have 
separate silicon driver circuits for an OLED 
display when the computer itself can be 
integrated into the display? Although it is 
unclear whether small molecule or polymer 
technologies (or both) will prevail, organic 
circuits are becoming a reality. 19 The 
only hanging question is in which lighting 
applications they will begin to disrupt fi rst.”
Edward A Dowdell, “Technology Migration and Distribution: A Case 
Study of the Solid State Lighting Industry,”

http://dspace.mit.edu/handle/1721.1/29743?show=full
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SOLID STATE

Global Benefi ts
Resources

Global Benefi ts

Resources

Edward A Dowdell, “Technology Migration and Distribution: A Case Study of the Solid State 
Lighting Industry,”  
http://dspace.mit.edu/handle/1721.1/29743?show=full

Schubert, E., Kim, J., Luo, H., Xi, J-Q., “Solid-state lighting – a benevolent technology,” 
http://www.iop.org/EJ/abstract/0034-4885/69/12/R01/
http://iopscience.iop.org/0034-4885/69/12/R01/pdf?ejredirect=.iopscience

LED Magazine: Architecture 
http://www.ledsmagazine.com/Architecture 

LED Magazines Online 
http://download.iop.org/led/

Light Up The World Foundation 
http://lutw.org/home.htm

US Dept of Energy/SSL Resources 
http://www1.eere.energy.gov/buildings/ssl/index.html

The Promise and Challenge of Solid-State Lighting 
http://scitation.aip.org/journals/doc/PHTOAD-ft/vol_54/iss_12/42_1.shtml

SSL Research 
http://www.lrc.rpi.edu/programs/solidstate/completedProjects.asp

OLEDs for Europe 
http://oled100.eu/homepage.asp

40% Market Penetration  80% Market Penetration
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FIBER OPTIC

Benefi ts
Future
Resources

FIBER OPTIC LIGHTING

Benefi ts

Can be combined with solid state lighting 
or sunlight sources for energy effi cient light 
distribution. A single light source can be used 
to illuminate many different areas at once 
Optic fi bers can be used for pinpoint, task, 
or general illumination.  No electricity means 
light can be piped anywhere with no heat or 
risk of shock

Future

Fiber optics can be used for data and light 
transmission. Fiber optics can be used as 
sensing devices to detect building stability. 
Can be installed for multiple purposes 
throughout buildings.

Resources

Natural Lighting: A Proposal for ES2 
http://www.watgreen.uwaterloo.ca/projects/library/f04lighting2-natural.pdf

Evaluating the potential for energy savings on lighting by integrating fi bre optics in buildings 
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V23-4GV9S86-1&_
user=918210&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000047944&_
version=1&_urlVersion=0&_userid=918210&md5=1bc7c0d833d4f23b5e281f7d51b71bbd

Coupling effi ciency of polymer optical fi ber for light-gathering power in optical fi ber daylighting 
system
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1437461
Introduction to Fiber Optics http://books.google.com/books?hl=en&lr=&id=RP2FQw5uSywC&o
i=fnd&pg=PP8&dq=fi ber+optic+building+lighting+benefi ts&ots=UaYU8DYhst&sig=jqhsPyOHm
QS5_vWVbedldnVafwk#PPA7,M1
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HYBRID
SOLAR
LIGHTING

Defi nition
Savings
Costs
Maintenance
Projections

HYBRID SOLAR LIGHTING

A lighting solution that uses basic natural 
lighting solutions as well as high tech ones 
and is designed to be fl exibly integrated into 
modern buildings. How does it work?  The 
system uses a roof-mounted solar collector 
and small fi ber optics to transfer sunlight to 
top fl oor hybrid fi xtures that contain electric 
lamps.  With a control system, the two light 
sources works in tandem by dimming the 
electric lights when the sunlight is bright 
and turning them up as clouds move in or 
as the sun sets.  The result is a dramatic 
improvement over conventional approaches 
to bringing sunlight into buildings.

Lighting now accounts for 1/3 of the 
non-residential electricity usage and is 
the largest single use of electricity in non-
residential buildings.

One collector powers 8 to 12 hybrid light 
fi xtures, which can illuminate about 1,000 
square feet.

According to Sunlight Direct estimates, one 
unit can save about 6,000 kilowatt hours per 
year in lighting and another 2,000 kilowatt 
hours in reduced cooling needs for a total 
of 8,000 kilowatt hours per year. For parts 
of the country where the utility rates are 10 
cents per kilowatt hour, savings can total up 
to $8,000 per system over 10 years.

For large fl oor spaces-10o,000 to 200,000 
square feet-this translates into energy cost 
savings of between $1 million and $2 million 
over 10 years, according to the company.

Operation and maintenance savings could 
account for another $300,000 in cost 
reductions over the same period.

If market projections prove accurate, 
within fi ve years 5,000 hybrid solar lighting 
systems could be installed in regions of 
the nation where solar availability and 
electricity rates make this technology cost 
effective, saving 50 million kWh per year. 
Retail applications are the most likely fi rst 
market for this technology. The challenge 
is to reduce the cost from about $12 to $4 
per square foot. With larger collectors and 
other design improvements, researchers say 
they can achieve that goal. At the current 
fully installed cost, that translates into about 
$5-$8 per watt. This is almost twice as cost 
effective as PV panels, which typically
run $10 per watt fully installed,” said Morris, 
noting all costs are before rebates.
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WHY?

The story goes like this:

If Alexander Graham Bell were somehow 
transported to the 21st Century, he would not 
begin to recognize the components of 
modern telephony- cell phones, texting, cell 
towers, PDAs, etc.- while Thomas Edison, 
one of the grid’s key early architects, would 
be totally familiar with the grid.

As can be seen in the adjacent graph, 
spending on electric utilities research & 
development is among the lowest of all 
industries.

cost  

definitions  

maintenance  

MICROGRID & SMART GRID TECHNOLOGY

MICROGRID
&
SMART GRID
TECHNOLOGY

Why?

EDIS ON VS .
GRAHAM BELL:
THE CAS E FOR
REVITALIZATI ON.

Menlo Park Workshop Pearl Street Station First Street Lamps Metering Compact Fluorescent Light

advancements in electricity

101



Check List 

properties  

lifecycle 

embodied energy  

health  

benefits 

disadvantages  

final analysis  

DEFINITIONS

Micro Grid-  

Instead of relying solely on large power 
plants, a portion of the nation's electricity 
needs could be met by small generators 
such as ordinary reciprocating engines, 
microturbines, fuel cells, and photovoltaic 
systems. A small network of these genera-
tors, each of which typically produce no 
more than 500 kilowatts, would provide 
reliable power to anything from a postal 
sorting facility to a neighborhood.

This microgrid appears to the larger grid as 
any other customer. It can quickly switch 
between operating on or off the grid: when 
the grid offers cheap electricity, the microgrid 
can purchase it, but if prices rise or in case 
of a power failure, the microgrid can isolate 
itself or temporarily shed unimportant 
equipment during power shortages. This 
ensures uninterrupted power to critical 
computers, communications infrastructure, 
and control systems. It can also inject power 
into the larger grid to lessen stress on the 
overall system demands.

Between 60 and 80 percent of the energy 
consumed by power plants escapes as heat. 
But with a microgrid, waste heat could feed a 
small, adjacent heat load such as a water 
heater. Recovered waste heat could also be 
used to cool and dehumidify buildings, using 
thermally activated processes. Cooling 
buildings places tremendous strain on the 
power grid, and by sharing this load, it will 
help both the microgrid and the larger grid.

The latest distributed generators can 
produce electricity almost as cheaply as 
huge power plants, especially if benefits 
such as heat recovery are considered. In 
addition, recent advances in power electron-
ics, such as inverters that connect small 
solar generators to the grid, make control of 
small-scale systems economically feasible 
for the first time.

There's also the tantalizing possibility of 
incorporating fuel cell-powered cars into the 

microgrid. Simply park your car in the 
garage, plug it in, and supply power to a few 
homes. Or plug the car into your office and 
help power the building.

Smart Grid-  The smart grid is characterized 
by a two-way flow of electricity and informa-
tion, capable of monitoring everything from 
power plants to customer preferences to 
individual appliances. It incorporates into the 
grid distributed computing and communica-
tions to deliver real-time information and 
enable the near-instantaneous balance of 
supply and demand at the device level.

Micro CHP- This refers to the use of waste 
heat through co-generation or combined 
heat and power (CHP). It implies an 
integrated energy system, which delivers 
both electricity and useful heat from an 
energy source (such as natural gas). Unlike 
electricity, heat, usually in the form of steam 
or hot water, cannot be easily or economi-
cally transported long distances, so CHP 
systems typically provide heat for local use. 
Because electricity is more readily trans-
ported than heat, generation of heat close to 
the location of the heat load will usually 
make more sense than generation of heat 
close to the electrical load.

Distributed Generation- Distributed 
generation involves the use of small-scale 
power generation technologies that are 
located close to the load being served, 
capable of lowering costs, improving 
reliability, reducing emissions, and expand-
ing energy options.

Islanding- During disturbances, the genera-
tion and corresponding loads can separate 
from the distribution system to isolate the 
microgrid’s load from the disturbance (and 
thereby maintaining high level of service) 
without harming the transmission grid’s 
integrity. This intentional islanding of 
generation and loads have the potential to 
provide a higher local reliability than that 
provided by the power system as a whole.
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COST

A microgrid can allow for significant cost 
savings. Energy delivered from the bulk 
power system often includes costs for things 
such as transmission losses, congestion 
pricing and customer service overhead. 
These costs can exceed the simple 
generation cost.
 
Microgrids enable consumers to supply 
some or all of their own electricity needs. In 
doing so, consumers can use renewable 
generation sources. While not all areas of 
the country have access to equal wind and 
solar capabilities, a microgrid provides the 
option to tailor the electricity mix to the 
consumer's liking. This bottom-up consumer 
approach can reduce reliance on fossil fuels 
and lower greenhouse gas emissions. 
Microgrids encourage efficiency by making 
the marginal cost of energy more 
transparent. If the microgrid itself purchases 
energy from the bulk power producer and 
then distributes it to the entities within the 
microgrid, these entities have access to 
dynamic pricing. The marginal generation 
costs are more transparent; this enables 
customers to earn a direct benefit from 
energy-efficient investments.  

They also can provide realtime price signals 
and automatically adjust electricity usage to 
most efficiently meet the power needs of 
each individual consumer.

Wal-Mart has created microgrids for two 
facilities, one in McKinney, TX, and one in 
Aurora CO. They draw their energy first from 
onsite resources then from the grid as a 
secondary service. (They apply dozens of 
energy efficiency techniques as well.) Even if 
you didn’t believe any of the other indicators, 
the fact that penny-pinching Wal-Mart thinks 
microgrids are cost efficient should tell you 
that this trend is for real.
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EFFICIENCY: If the grid were just 5% 
more efficient, the energy savings would 
equate to permanently eliminating the 
fuel and greenhouse gas emissions from 
53 million cars. Consider this, too: If 
every American household replaced just 
one incandescent bulbwith a compact 
fluorescent bulb, the country would 
conserve enough energy to light 3 million 
homes and save more than $600 million 
annually. Clearly, there are terrific 
opportunities for improvement.

The economics of microgeneration is about 
replacing a small number of large 
turbines/generators with a large number of 
small but mass produced generation units. 
Some of the new energy sources such as 
solar cells or fuel cells show little economy of 
scale – the cost of a solar cell array is largely 
proportional to the number of solar cells – in 
other words, to the rated power.
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The electric load of one house (Figure 1) would be difficult to supply by one generating
source. The microgrid would supply a much smoother averaged load similar to that
shown in Figure 2. The load shown in Figure 3 applies at the national level: for example,
a curve of this type would be used by the National Grid to plan generation.

Figure 1

Figure 2

Figure 3

Check List COST  (cont.)

Examples of small networks similar to 
microgrids already exist, and many resemble 
the early electricity supply networks. An 
elegant example of a prototype microgrid 
can be found at the site of a former 
Mont-Cenis coal mine in Germany’s 
Nordheim-Westfalen. The 12,000 m2 
building, which houses a training academy, is 
powered by a 1MW photovoltaic array 
integrated into the roof and façade of the 
glass envelope structure, and by a CHP 
generator which is fuelled by methane 
escaping from the disused coal mine. A 
1.2MWh battery ensures smooth integration 
into the local electricity supply, and the heat 
is used for the academy, surrounding 
housing and a nearby hospital.

Sacramento Municipal Utility District (SMUD) 
will field demonstrate a 310-kW load 
microgrid at the utility’s corporate 
headquarters.  For the demonstration, three 
100-kW reciprocating engine generators will 
be coupled with a 12- ton absorption chiller 
system and an existing 10-kW PV system. 
Electrical output will be provided to the 
central utility plant and another building to 
serve sensitive loads such as the chilled and 
hot water distribution pumps, controllers, 
cooling towers and related equipment that 
need to continue operating during a utility 
electrical outage. The project is unique in 
that it will link natural gas fueled internal 
combustion engines with the PV system.

The design and construction work will begin 
in 2009 with the actual demonstration 
beginning in 2010. The demonstration will 
run for approximately 18 months. The total 
costs are nearly $3 million.
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PROPERTIES

A large Utility Grid has five basic 
components:  Generation, Distribution, 
Consumption, Management, and potentially 
some level of Storage.  A Microgrid has all of 
the same components in a much smaller 
more localized package.  

GENERATION

A micro-grid may have single or multiple 
sources of internal energy generation.  
These will ideally be sustainable 
technologies such as, solar, wind, biomass, 
micro-hydro, etc... but may be supplemented 
by diesel, or natural gas based generation.   
The use of imported energy sources like 
fossil fuels will probably be eliminated over 
time due to cost and reliability issues.  
Generation sources will not only provide 
energy but information regarding their status, 
efficiency, capacity and history. 
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Photo Above:  Bronsbergen Microgrid, Zutphen, the Netherlands, 108 homes fit with 315 kW capacity PV 5 of 12
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DISTRIBUTION

The distribution lines within a micro-grid will 
be optimized for two directional flow of both 
power and information.    They will be 
networked to move power from the generators 
to the consumers in the most efficient manner.  
Micro-grids will also be connected externally 
to the public utility.  This allows for buying and 
selling of power to the utility while simplifying 
the utility's system.  A micro-grid is interpreted 
by the utility to be a single power load/source.  
This connection can be islanded by a 
smart-switch which allows the system to move 
seamlessly between grid-connected and 
island operation modes.

STORAGE

While energy storage is not absolutely 
necessary for a grid-connected micro-grid it 
loses the ability to operate as an island, and 
much of the autonomy related to storage 
capacity.  Without storage power generated 
will have to be either sold or used 
immediately. Batteries are, of course, the first 
thing that comes to mind when thinking of 
energy storage, and battery banks are a 
useful component of any micro-grid.   There 
are, however, many other options for energy 
storage.  Batteries use chemical storage of 
electricity.  Other chemical storage 
opportunities include ultra-capacitors, and 
electrolysis to form hydrogen for fuel cells.   
Energy can be stored thermally as heat or 
cold, in thermal mass or ice storage.  
Electrical potential can be converted to 
gravitational potential, pumping water 
upstream for later use in micro-hydro 
generation.
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Bronsbergen Microgrid
Zutphen, the Netherlands

208-home residential vacation park
108 homes fit with 315 kW capacity PV
Two battery banks to store excess energy
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MANAGEMENT

A key component to any micro-grid is the 
incorporation of smart-grid technologies.  The 
transmission and control of information is 
necessary for the efficient transmission and 
control of energy.  Information will be 
communicated both to and from all 
components in the grid.  This will include 
smart-metering, self-describing appliances, 
remote, and/or automated, control of 
generation sources and non-essential loads, 

building dashboards within homes and 
businesses and a central neighborhood 
control center.  These intelligent systems will 
allow residents and businesses to be more 
intelligent about their consumption of power, 
syncing their use with real-time information 
about local production.  Some simpler, 
prototype micro-grids use text messaging to 
alert consumers to good times to cut back or 
to use their non-essential appliances.
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CONSUMPTION

Another essential part of any future grid 
system is a reduction of consumption 
demand.  A smart grid with user ownership 
provides incentives and information to 
empower and encourage conservation.
Micro-grid community members will be 
encouraged to use energy efficient fixtures 
and appliances, and to control their 
consumption in real time with the micro-grid's 
production and storage capacities.

The diagrams on the following pages illustrate 
the functional relationships and hierarchy 
within a smart microgrid. Note that these 
systems can be far more complex or simple 
than illustrated here.
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Enabling nationwide use of
plug-in hybrid electric vehicles…

nwide use of
electric vehicles…

SMART
GRID

Making large-scale energy
storage a reality…

Making use of solar energy – 
24 hours a day…

Allowing the seamless integration of
renewable energy sources like wind…

Ushering in a new era of
consumer choice…

Exploiting the use of green building
standards to help “lighten the load...”
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PROPERTIES (cont.)
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The United States Department of Energy 
held a 2008 Symposium on Microgrids in 
Kythnos. The implementation of Microgrid 
Technology will provide numerous benefits. A 
number of these benefits include:

•  Reduced Cost
•  Potential to Spread Savings
•  Thermal Energy Savings when CHP 

Methods are Employed
•  Potential for Economic Dispatch of 

Generation Assets
•  Reliability of Service
•  Multiple Generation Assets
•  Potential Isolation from Local Grid 

Problems and Disruptions
•  Security
•  Encouragement of Green Power
•  Local Voltage Control
•  Voltage and Current Harmonic 

Improvement
•  Optimization of Power Delivery System
•  Provide Service Differentiation
•  Improved Efficiency through Reduced 

Transmission Line Loss

MICROGRID & SMART GRID TECHNOLOGY
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Benefits

The DoE’s “Smart Grid: An Introduction” 
goes on to discuss the further benefits of the 
introduction of smart grid technology into the 
marketplace:

“In the short term, a smarter grid will function 
more efficiently, enabling it to deliver the 
level of service we’ve come to expect more 
affordably in an era of rising costs, while also 
offering considerable societal benefits – such 
as less impact on our environment.

Longer term, expect the Smart Grid to spur 
the kind of transformation that the internet 
has already brought to the way we live, work, 
play and learn.”

A smarter grid applies technologies, tools 
and techniques available now to bring 
knowledge to power – knowledge capable of 
making the grid work far more efficiently...

•  Ensuring its reliability to degrees never 
before possible.

•  Maintaining its affordability.
•  Reinforcing our global competitiveness.
•  Fully accommodating renewable and 

traditional energy sources.
•  Potentially reducing our carbon footprint.
•  Introducing advancements and efficiencies 

yet to be envisioned.
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Am Steinweg Microgrid
Stutensee, Germany
Residential Microgrid

Chart to left represents the 
maximum power via the 
MS/LS transformer with 
(blue) and without 
(purple) energy 
management system as 
provided by smartgrid 
technology
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DISADVANTAGES

While there are numerous advantages to 
micro grid technology, there are some 
disadvantages to consider:

The most obvious disadvantage is the 
associated startup cost. Connecting a local 
microgrid into the larger grid requires 
transformers to regulate the frequency and 
transfer of electricity to protect both grids 
from power surges and other potentially 
damaging fluctuations. This initial investment 
is necessary but is an obstacle to consider.

Additionally, the development of successful 
microgrids will require more smaller-scale 
energy production. This means investment in 
technologies such as solar panels, wind 
turbines, building-integrated photovoltaics, 
aerobic + anaerobic digestion, and other 
technologies. Some companies offer 
incentives to assist customers with these 
purchases and the development of carbon 
credits and tax credits may offer new 
opportunities to overcome this challenge. 

Microgrid development costs may be offset 
and managed by local utilities or may be 
outsourced for local management and 
maintenance. Current technology and 
development in the industry leans toward 
centrally-sourced management to control 
and enhance the efficiency of microgrids 
through the use of smart grid technology. 
There are many good reasons for this, but 
any networked grid with a centralized control 
brings to bear unique security risks. Although 
the technology can be used to achieve 
greater regional power production, stability, 
and availability, it also opens a new venue 
for sabotage and disruption. One of the 
greatest strengths of a simple microgrid 
network is the innate system security that 
accompanies de-centralized power produc-
tion. Currently, we might have security 
concerns for the safety of a large nuclear or 
coal-powered plant. A smartgrid infrastruc-
ture that is controlled from a centralized 
network will share the vulnerability of a 
single target from which to cause massive 
power disruptions. This may require only a 

handful of determined hackers located 
anywhere around the globe rather than a 
handful of suicide bombers who must pass 
through physical security to reach their 
target. This is a very real risk to be consid-
ered and one which may ultimately prove 
extremely challenging to defend against. 
Hacking and digital sabotage threatens our 
energy security and will prove more 
challenging with an extensively-networked 
system as offered by smartgrids.

According to the Wall Street Journal:
The U.S. electrical grid... includes many 
thousands of miles of transmission lines, 
power plants and substations. The flow of 
power is controlled by local utilities or 
regional transmission organizations. The 
growing reliance of utilities on Internet-based 
communication has increased the vulnerabil-
ity of control systems to spies and hackers, 
according to government reports.
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FINAL ANALYSIS

Three macro trends are converging to make 
microgrids inevitable.

1. Security. More and more countries, states, 
provinces, and cities are facing up to the 
dangers of terrorism and natural disasters. 
They are urgently searching for ways to 
isolate disturbances so they do not turn into 
cascading blackouts. Military bases are 
already heading down the microgrid path. So 
are a few countries (such as Denmark). 
Even a few cities and business districts are 
using security from natural and manmade 
disasters as a motivator to move toward 
microgrids.

2. Self-reliance. As more and more industries 
go digital, they are bumping into the 
requirement for high-quality, interruption-free 
power. As the CTO of tech giant Oracle once 
put it: “We don’t worry about the cost of 
power. We worry about the cost of not having 
power.” Indeed, interruptions can cost tens 
or even hundreds of dollars per minute for 
certain commercial and industrial power 
users. Sources such as the RAND Institute 
and the Electric Power Research Institute 
say outages cost North American businesses 
$100B per year or more.
As a result, more and more commercial and 
industrial customers are considering 
sophisticated backup power and onsite 
generation and discovering microgrids as the 
best way to ensure self-reliance.

3. Standards. Until recently, each connection 
within the microgrid and each 
interconnection to the larger grid was a 
“custom” job. As a result, costs were 
exorbitant. Finally, however, standards are 
emerging in both areas. The CERTS 
Initiative (a coalition of national labs, 
universities and others) is developing 
plug-and-play specifications for inside the 
microgrid. And the National Renewable 
Energy Laboratory is leading the charge to 
create national interconnection standards. As 
these standards are proven and penetrate 
the market, they will bring down costs and 
installation time.

“The perfect power system will ensure 
absolute and universal availability of energy 
in the quantity and quality necessary to
meet every consumer’s needs. It is a system 
that never fails the consumer.”  

-Bob Galvin, 2005
Copyright © The Galvin Project. All rights reserved.

Credit to:

http://www.google.com/search?q=microgrid+definition&ie
=utf-8&oe=utf-8&aq=t&rls=org.mozilla:en-US:official&clien
t=firefox-a

http://www.google.com/search?q=micro+grid+technology
&ie=utf-8&oe=utf-8&aq=t&rls=org.mozilla:en-US:official&c
lient=firefox-a

Ultra-capacitors
http://energystoragedemo.epri.com/cec/microgrid/tech_de
sc.asp

liquid batteries
http://www.technologyreview.com/energy/22116/page2/
http://www.ecogeek.org/content/view/2607/80/

rapid charge
http://www.treehugger.com/files/2009/03/lithium-ion-batter
y-breakthrough-mit-fast-charge-seconds-supercapacitors.
php

ecogeek how to store that power
http://www.ecogeek.org/content/view/2612/80/

CERTS Microgrid Concept
http://certs.lbl.gov/certs-der-micro.html

BBC News Article 2005
http://news.bbc.co.uk/2/hi/science/nature/4245584.stm

Power Transmission Stuff
http://electricitymagnetism.suite101.com/article.cfm/electri
c_power_transmission_and_usage

Boulder Smart Grid City (with Excel Energy)
http://smartgridcity.xcelenergy.com/story/index.html
http://www.autobloggreen.com/2008/03/13/boulder-to-bec
ome-first-smart-grid-city/

google search results
http://www.google.com/search?hl=en&client=firefox-a&rls
=org.mozilla:en-US:official&hs=A9X&ei=EOy7Sf7xA5GUs
APg-vSdAg&sa=X&oi=spell&resnum=0&ct=result&cd=1&
q=Smart+Grid+in+Boulder&spell=1
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HIGH TECH GREEN
GREENBUILDING RESOURCE GUIDE

Credits
Assistant Professor Adjunct
Fred Andreas, AIA, LEED AP

GBT Project Groups

Photovoltaics: Embodied Energy & New Technology
Jamie Stadille
Chenyang Xu

Advances In Photovoltaic Technology
Robyn Shaw
Jessica Garfi n

Wind Power: Microtechnology
Cesar Cervantes
Jevon Van Vliet

Thin Film Technology
Kevin Nguyen
Maciej Gesikowski

Kinetic Vibrational Energy
Caitlin Jones
Alyssa Manny

Nanotechnology and Advanced Window Systems
Lauren Fowler
Austin Hanson

Phasechange Materials
Robert Best
Benjamin Kallechey

Building Automated Systems
Audrey Pierce
Alyssa Tharrett

Magnetic Systems
Roberto Pesce
Fabian Baumann

Sustainable Lighting
Dara Cunningham
Eric Doner
Christopher Fletcher

Micro Grid & Smart Grid Technology
Susan Grey
AJ Watkins
Roland

Renewable Ocean Technology
William Mensching
Brett Van Andel
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	Text1: Fred Andreas - AIA, LEED AP BD+C


