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Sammanfattning
“Advanced Building Energy Data Visualization” är ett sätt att upptäcka funktionsproblem i stora kom-
mersiella byggnader. Genom att placera ut sensorer i en byggnad som t.ex. samlar in data från luft-
temperatur och förbrukningen av elektricitet, kan sedan beräkningar göras i speciella programvaror 
som visualiserar den insamlade datan, i form av ett diagram. Dessa visualiseringar hjälper sedan byg-
gnadens operatör att relativt snabbt se vad som är orsaken, om det är något problem med systemen i 
byggnaden. Det kan t.ex. vara att den generella energiförbrukningen är för hög.

Ett första steg innan dessa system installeras i en byggnad är att använda sig av ett “Benchmarking 
Tool”. Dessa verktyg finns gratis på nätet. Dessa verktyg jämför en byggnad med andra liknande byg-
gnader och man kan se om den aktuella byggnaden har en energiförbrukning som är över eller under 
det normala.

I denna studie har en ny webbdesign tagits fram för verktyget CalARCH. CalARCH är utvecklat på 
Berkeley Lab i Kalifornien, USA. CalARCH använder insamlad data från byggnader i Kalifornien för 
beräkningarna. Verktyget är anpassat till att bara jämföra byggnader i Kalifornien med andra liknande 
byggnader i Kalifornien.

Fem olika versioner gjordes av CalARCH. Sedan utfördes en webbundersökning för att se vilken av 
dessa fem versioner som skulle vara bäst för att representera CalARCH. Resultatet av under-
sökningen visade att Version 5 och Version 3 var bäst. En helt ny slutlig version togs sedan fram, base-
rad på Version 5 och Version 3. Denna studie är utförd vid Lawrence Berkeley National Laboratory.
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Summary
Advanced Building Energy Data Visualization is a way to detect performance problems in commercial 
buildings. By placing sensors in a building that collects data from example, air temperature and elec-
trical power, then makes it possible to calculate the data in Data Visualization software. This software 
generates visual diagrams so the building manager or building operator can see if for example the 
power consumption is to high. 

A first step (before sensors are installed in a building) to see how the energy consumption is in a 
building can be to use a Benchmarking Tool. There is a number of Benchmarking Tools that is available 
for free on the Internet. Each tool have a bit different approach, but they all show how much energy 
consumption there is in a building compared to other similar buildings.

In this study a new web design for the benchmarking tool CalARCH has been developed. CalARCH 
is developed at the Berkeley Lab in Berkeley, California, USA. CalARCH uses data collected only from 
buildings in California, and is only for comparing buildings in California with other similar buildings 
in the state. 

Five different versions of the web site were made. Then a web survey was done to determine which 
version would be the best for CalARCH. The results showed that Version 5 and Version 3 was the best. 
Then a new version was made, based on these two versions. This study was made at the Lawrence 
Berkeley Laboratory. 
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Introduction

Background
Advanced Building Energy Data Visualization is a way to detect performance 
problems in large commercial buildings. It covers all the energy consumption 
in a building, from lightning to chiller equipment. At the Lawrence Berkeley 
Laboratory, Building Technologies Division, Commercial Buildings Group, 
in Berkeley, California, Advanced Building Energy Data Visualization is a 
part of an ongoing research project named IMDS (Information Monitoring 
Diagnostic Systems). In that project there are two commercial buildings, in 
Sacramento and San Francisco where this system is tested. In these build-
ings, sensors are monitoring almost everything of the building’s energy con-
sumption. Then data from these sensors are visualized in different ways by 
software.

The Commercial Buildings Group focuses on the development of advanced 
computer-based building design tools that assist the architect or engineer in 
decision making from early, schematic design through building construction, 
commissioning and operation. The goal with this research is to develop tools 
that will assist the building operator or/and building manager, so large com-
mercial buildings can be run so energy efficient as possible.

A first step to determine how the energy consumption is in a building, com-
pared with other similar buildings, is CalARCH. CalARCH is developed at 
the Berkeley Lab, and is a web-based Benchmarking Tool. CalARCH presents 
a diagram with the results of how energy efficient a building is compared to 
others. CalARCH is a tool for only California, for a nationwide comparison 
a similar tool ARCH is available, also on the Internet. To calculate these 
results CalARCH uses data that is collected from buildings, like the ones in 
Sacramento and in San Francisco. 

The term Advanced Building Energy Data Visualization covers both the 
IMDS and CalARCH projects, direct or indirect.  

Purpose
The purpose with this study is to develop a web design for the CalARCH web 
page that will serve its purpose for CalARCH as a Benchmarking Tool.

Goal
The goal with this study is to develop a web site for the CalARCH 
Benchmarking Tool, by making five different versions and then do a web 
survey to determine which one (or combinations of the versions) that will be 
the best one to represent CalARCH.
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Method
The five different versions of the site will be developed in cooperation with 
Mary Ann Piette and Satkartar Kinney in the Commercial Buildings Group 
at the Lawrence Berkeley National Laboratory. Adobe Photoshop and Adobe 
Illustrator will be used to make the graphics for the web pages. No HTML-
editing tool will be used. The simple text editor Notepad in the operating 
system Windows (PC) will be used to write the code in, manually. The book 
“HTML & XHTML, the definitive guide” will be used in addition when more 
complicating code will be written. Internet will also serve as a good source for 
finding information about HTML.

Delimitation
Five different versions of the web site will be made. The different versions 
will be different in both color and design, so a good conclusion can be made 
from the web survey. The web survey-page will have a form page where the 
survey question will be addressed. Email about the web survey will be sent 
out to Students, Researchers, Engineers and Building Managers, so the best 
responses as possible can be received. A new (or one of the existing versions) 
will finally be made, based on the survey results. In addition to this, related 
work for the Commercial Building Systems Group will be made, like websites 
for other ongoing research projects. 
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Implementation

1. Advanced Building Energy Data Visualization
Advanced Building Energy Data Visualization is a way to detect, perfor-
mance problems in large commercial buildings. Sensors collect data such as 
air temperature, chiller temperatures, pressures and electrical power. Then 
data visualization programs are being used to generate visual diagrams from 
the data collected. Advances in Software for data visualization in the building 
sector have led to the development of powerful diagnostic tools. Plots gener-
ated from these programs include contour plots, psychometric charts and 3D 
surface plots. Some plots are also possible to animate. 

These systems can be used for both qualitative and quantitative informa-
tion. A common application for qualitative data analysis is to verify that 
mechanical and electrical systems are running properly. The tools that cur-
rently are available range from standard systems to high-end systems, which 
are specifically designed for displaying monitored building performance data. 
Visualization takes place at regular intervals during a buildings life. During 
the commissioning, visualization of most points is done. But in some cases 
only selected points might be visualized, for example, points that are related 
to components that frequently malfunction. A good example when data visu-
alization is good, is as follows. It is taken from “Advanced Building Energy 
Data Visualization” by Steven Myers.

1.1 An Example
An electrician in a building accidentally resets the ballast to their maximum 
setting, from 6 to 7,5 kW. During the following two months the energy use 
in the building increased by 18 % (from 62 to 73 kWh per day), and went 
unnoticed. When the data for this period were analyzed, the problem was 
identified, and the dimmers were reset correctly. Data Visualization played 
an important role to detect this problem. The human eye could not detect the 
increase in Illumination during this period, but it had a large effect on the 
consumption of power.

1.2 Implementation
The Visualization of energy data for a building should be made at regular 
times during a facilities life. A commissioning agent, the buildings operator, 
or specialized consultants, could be the person to carry out the visualization. 
To accomplish visualization, workstations running under sophisticated data 
visualization spreadsheet packages, are being used.
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2. Benchmarking Tools

2.1 Background
Benchmarking tools are of interest and practical use to a number of groups. 
Companies and performance contractors can provide direct tracking of ener-
gy use and combine data from multiple buildings. These tools can also be 
useful when a new building is being designed, and to determine if the design 
is energy efficient. Most of the existing tools today are free online benchmark-
ing tools. The programs found online can be categorized into four different 
types of benchmarking tools: simple benchmarking, load shape libraries, util-
ity services and enterprise tools. 

Simple benchmarking uses free tools to provide benchmarking information 
to the public. Load Shape libraries use data and models that can be used for 
profiles for a whole building. Some utilities also offer benchmarking tools as 
a service to their customers. Enterprise tools are commercial products for 
large organizations with multiple facilities to identify problem areas. Most 
tools (except from CalARCH) that are available on the Internet are based on 
DOE’s (Department of Energy) Commercial Building Energy Consumption 
Survey (CBECS). CBECS is a survey of energy-related building characteris-
tics and consumption for the United States commercial sector. It is the only 
database available for the public that contains commercial building charac-
teristics and end use information.

2.2 CalARCH
CalARCH is based on ARCH which was also developed at the Berkeley Lab. 
ARCH was built as a building energy benchmarking database tool. It is a 
national tool that compares energy use in buildings over the whole United 
States. CalARCH provides information that is more appropriate for build-
ings in California. CalARCH uses existing survey data from California’s 
Commercial End Use Survey (CEUS). It is information that is collected by 
California’s major utilities. Berkeley Lab has also obtained Pacific Gas and 
Electric (PG&E) and Southern California Edison (SCE) CEUS data sets. Only 
a few of the fields in the CEUS data set are required for CalARCH: floor area, 
gas and electric billing data, building type, zip code and statistical weights. 

The variables that are used in CalARCH include Principal Building 
Activity, Climate Zone, Whole Building Energy and Floor Area.

2.2.1 Principal Building Activity
Principal Building Activity is defined to be the function of the building 
that occupy most floor area. PBA is designed to correspond to the CBECS 
categories, which are: Education, Health Care, Office, Religious Worship, 
Other, Food Sales, Food Service, Lodging, Public Assembly, Service, Vacant, 
Mercantile, Public Order and Safety and Warehouse and Storage. 
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2.2.2 Climate Zone
California consists of sixteen climate zones. The user of CalARCH gives input 
of which zip code the building has, and the zip code is easily mapped to the 
right climate zone.

2.2.3 Whole Building Energy
Whole Building Energy determines which fuels are in use in a building. For
example, a building could use electricity and gas, or be all-electric.

2.2.4 Floor Area
Floor Area can be a major error in the calculations. There are many differ-
ent ways of defining floor area and how it is calculated. An example is park-
ing garages that sometimes are included in the floor area calculations, and 
sometimes not.

2.2.5 CalARCH – User Interface
CalARCH is a web-based tool that can be used from any web browser. 
CalARCH is technically a form where you make the input selections and then 
acquires a program, which do the calculations. The information requested 
includes:

                  Building Type, The only required input.

                  Zip Code, Determines the climate zone.

                  Floor Area, This is used to calculate the users EUI (Energy Use  
                  Intensity).

                  Annual Energy Consumption, This is used to calculate the  
                  users EUI (Energy Use Intensity).

                  Site/Source Preferences, This option is provided to display  
                  results in Source energy or Site energy.

                  Archive Option, The users can select to have their data   
                  included in a database.
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2.2.6 The structure of CalARCH
Below is a model of how CalARCH works. The input data is being calculated 
with data from CEUS (California End Use Survey). Then a histogram is gen-
erated based on the results of these calculations. Finally a results page is 
presented for the user with the histogram on.

The Structure of CalARCH.
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2.2.7 The results page
The results are then displayed as a histogram. The diagram describes along 
with statistics the comparison buildings and the user’s EUI. Below is a 
sample histogram of a calculation from CalARCH. The arrow indicates the 
users building. Energy Use Intensity is a combination of the building and the 
equipment inside. The scale that it is presented on is in units of thousands 
of Btu per square foot (kBtu/ft2). One Btu is 1055 J and one square meter is 
about 10.76 ft2.

If the histogram shows that the building has a low energy use, it doesn’t 
have to mean that the building is efficient. If it show a high use it doesn’t 
always mean that it is inefficient. There are other factors that have to be 
taken in mind. It could be number of operating hours, occupants, and if the 
building have special facilities nearby like parking lots and outside lightning. 
Although the results that is shown gives a pretty dissent diagnose of how 
energy efficient the building are. 

A Results Histogram generated by CalARCH.
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3. Other Benchmarking tools
The Following benchmarking tools are currently available for free on the 
Internet.

Whole-Building Benchmarking
Arch             http://poet.lbl.gov/arch/
CalARCH    http://poet.lbl.gov/calarch/
Energy Star   http://www.energystar.gov
Oak Ridge Tools  http://eber.ed.ornl.gov/benchmark/
My Facilities.com  http://www.myfacilities.com
EMCOR Energy Edge  http://www.emcor-energy-edge.com
Target          http://www.targ.co.uk

Load Shape Libraries
Site Pro        http://www.rer.com/online/sitepro.htm
Shape-IT     

Utility Services
Custom Net   http://www.pge.com/003_save_energy/003b_ 
                     bus/003b2b_custom_net.shtml
Utiligraph    http://utiligraph.com
Snohomish PUD  http://ci.snopud.com/utility_entry.asp

Enterprise Tools
One-2-Five   http://one-2-five.com
Silicon Energy   http://siliconenergy.com
Energy Profiler Online http://www.energyinteractive.com/web_epo_
what.html
Atrium         http://content.honeywell.com/atrium/
                     energy.html

3.1 Other techniques used in Benchmarking Tools
The best known building energy benchmarking tool today is the Energy Star 
Benchmarking tool. The Energy Star Tool is focused on offices and schools. 

These tools handle factors as climate, building schedules and the occu-
pancy of the building, by comparing the given building against a national 
model. The national model is based on the CBECS data. These office/school 
tools have a range of characteristics such as ventilated garages, number of 
computers, whether a school has a kitchen, and if it is air-conditioned. If you 
compare these tools with CalARCH, these tools do not use raw data for its 
visualizations, which CalARCH does.
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3.2 Types of graphs
Among the different graphs that are shown at the result page for each tool, 
are histograms and staple diagrams. Below is an example of a result diagram 
from the Target Energy Services Tool (in London):

A Results Diagram from the Target Energy Services Tool.
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4. Development of the Web Pages

4.1 General about the HTML-code
The code is written and edited in a simple text editor. No program for design-
ing web pages, such as Macromedia Dreamweaver, was used. A big disad-
vantage by using a program like Dreamweaver is that the program itself 
generates the code in an odd and complicating way. It also adds code that 
has no impact on the page functions. A web site made in a program like this 
is a bit harder to edit, manually. It also sometimes gives wrong search paths 
to images etc. 

Version 4 of CalARCH is the most advanced version, and it contains 
Java Script, which is like a programming language, like C++. This enables 
programs/advanced functions to be integrated in the regular HTML-code. 

4.2 Image Editing

4.2.1 Adobe Photoshop
Adobe Photoshop has been used for the entire image editing for these web 
pages. No advanced functions have been used. Since all the graphics were 
made for the web, no color management was necessary. Web Graphics have 
their optimal resolution at 72 dpi, since the computer monitors do not sup-
port any higher resolution. Graphics with higher resolution only makes the 
page heavier in kilobytes. All the pictures for the pages were saved by using 
the option “Save for the web”. It gives a chance to control the final size of 
the image and in what image format the image should be saved. For these 
web pages the image formats “jpg” and “gif” were used. The gif-format also 
gives an opportunity to have transparency. That format was used for the 
logotypes.  

4.2.2 Adobe Illustrator
This program was used to make all the logotypes and the menu pictures 
for Version 4. Adobe Illustrator is a vector based program which makes text 
editing much easier than in Photoshop. This program also has the similar 
function “Save for the Web”, as Photoshop does.
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4.3 Version 1

4.3.1 The Design
The goal with this version was to make a classic page, and redesign the 
existing page. The page has an introduction text and the form with the 
input fields is below. The web site also consists of a “Links” page and a 
“Discussion” page. These pages are linked in the text at the bottom of the 
page. These pages have the same design and look as the main page, but 
without the “Step” titles. The colors are chosen because they are comfort-
able to look at. The colors blue and brown are chosen for the links. Blue for 
the active and not visited links, and brown for all the visited links. There 
are a total of five colors in the page:

Blue           is used for the background, text title and links.
Brown        is used in the logo, visited links and titles to correspond to  
                   the lighter beige background.
Beige          is used as a background for the text.
Black          the color of the text.
White         the text color for “step” in the titles.

The current pages for CalARCH that are in use have the titles “Step 1” to 
“Step 7” in a classic way, where the title stands alone in an own row in the 
text. Those were not working so well, because the page becomes too long. The 
user had to scroll too much, and could loose interest of the page. That was 
solved for this version by making the titles more graphically appealing, and 
by putting them on the left side of the text. That saved space and the page 
became shorter in length.

4.3.2 Typography
The font that is chosen for this page is Verdana. Verdana is specially devel-
oped for the web, and is easy to read even in smaller sizes. It is a sans serif 
but works good in text anyway. The size of the text in this page are “1” and 
“+1” in the title. Size “1” are the smallest size that you can use on text in 
HTML. The titles for the “Step 1-7” are made as pictures in Photoshop, but 
the font is still Verdana.

4.3.3 Logotype
The logotype is based on the first one that is currently on the existing 
WebPages. The words “Cal” and “ARCH” are separate from each other by 
color and font. The same colors as for the rest of the WebPage are used here, 
blue and brown.
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4.3.4 Browser compatibility
The web site is made by simple HTML and works well both in Netscape 
and Microsoft Internet Explorer, which are the most common web browsers 
today. 

Version 1.
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4.3.5 The HTML-code
The web page is developed by using the HTML-tag, ‘tables’. It is an HTML 
tag that makes it possible to “split” the page into different areas, or cells. 
Each cell works as an individual web page, where you could decide back-
ground color, pictures etc. This makes it much easier to create a specific 
design. The page consists of a ‘table’ with three columns and ten rows. The 
first cell in the first row has just a blue background, which was made by put-
ting a blue picture as a background. The command for that look like this in 
the table-data tag: 

<td background=”pictures/blue.gif”>&nbsp;</td>

To try to keep the weight of the page as low as possible, the blue picture is 
one by one pixel. This makes the picture very small, and the web browser just 
needs to download this picture one time, and then it repeats the picture in 
the cell, so it makes a solid background. 

The command ‘&nbsp;’stands for a space, in for example a text. This com-
mand must be there where the content of the cell is specified, if not, it will 
look good in Explorer, but not in Netscape. Netscape does, for some reason, 
not show the blue background at all, if the ‘space’ command is not specified. 

The next cell in the row has, instead of the blue background picture, a beige 
one and a transparent gif-picture with the logo. The next cell in the row has 
again the blue background picture. The next nine rows are defined in the 
same way, but of course with different content. Also integrated in the table 
is the ‘form’ command, which enables the user to make the necessary inputs. 
When the user activates the “Do the comparison”-button, the form calls the 
CalARCH program at another server, which does the calculations, and then 
sends the results back to the user as the “results page”. 
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4.4 Version 2

4.4.1 The design
The design of version 2 of the web site is based on the same color scheme as 
version 1. The goal with this design was to create the page so it would refer 
to an old archive system, with the classical tabs at the top. The navigation 
on this site is better than on the first one, since the “discussion” and “links” 
pages have their own tab at the top. By separating the introduction text and 
the form has made a new page. The form is on an own page with the name 
of the link, compare. 

The color on the first tab is the same blue color that is on version 1. The 
rest of the tabs have lighter blue colors, so it looks like the color is fading 
along with the tabs. Since the color is fading from very dark blue, to light 
blue, it was hard to find a good contrasting color for the text on the tabs. The 
text on the tabs is using the same link colors that are specified in the ‘body’-
tag for the rest of the page. It was even harder to find a good color since the 
color should not just work on the tabs, but also for the rest of the page. The 
brown color was chosen, which work quite all right on the tabs, but on the 
“glossary”-tab the contrast could have been a bit better. The active tab change 
color from brown to white, so then the contrast gets better. 

The background color for this version is white which make its appearance 
lighter than version 1. The background for the text area is a light gray color. 
The site has the same width on all of the pages, but the height is changing, 
depending on how much information there is on the page.

4.4.2 Typography
The font is Verdana. The text have the size “1”, and the titles “+1”. The text 
color is black, but blue on the titles. On the “compare”-page the color on the 
text is the same as on the titles, blue. This makes this page stand out from 
the other ones, to better show that it is the most important page of them 
all.

4.4.3 Logotype
The logotype has the same appearance as the logo on version 1, but this one 
has other fonts, and the text “California Energy Building Reference Tool” is 
added below the symbol.

4.4.4 Browser compatibility
This web site works on both Explorer and Netscape, but it looks a bit differ-
ent in Netscape. Netscape does not handle the HTML-code in the same way 
as Internet Explorer, which makes it harder to get web sites look as they were 
intended to do.
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4.4.5 The HTML-code
Tables are also used in this version. The web site has the Illusion of being 
made in several layers, but it is not. The tabs are located in a row in the table, 
and the text area with the blue frame are in another table row right under. 

When the page goes from having the “Intro” page active to the “compare” 
page active, the color of the frame changes to the “compare’ page so it has the 
same color as the “compare”-tab. That gives the illusion of that the page has 
changed order in a layer hierarchy. The tabs are background pictures. The 
rounded upper corners have been made in Photoshop.

Version 2.
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4.5 Version 3

4.5.1 The design
This page has different colors than the first and second version. The design 
is also a bit classic, with the header at the top and the menu right under. 
Instead of the orange and yellow colors, a green was chosen and a new lighter 
blue color. 

To have a little artistic touch on the site, the picture of the building on 
the header is manipulated in Photoshop. In Photoshop the filter ‘cutout’ was 
used to achieve the right look. The picture of the building also refers to what 
the page is all about, energy savings in buildings. The active links in the 
menu are white to make it easier to navigate. The title of the active page is 
also visible in the blue field on the left. White is the background color in the 
text area, and light gray for the rest of the area outside the page. That area 
changes in size depending on what the users screen resolution is, but the 
width (in pixels) of the page are the same regardless to screen resolution.

4.5.2 Typography
The font is Verdana, and the size are “2” in the text. Depending on what the 
users screen resolution is, the size “1” could be too hard to read in some cases. 
Therefor the size of the font in this version is “2”, to make the survey more 
interesting with more variables. The opposite effect could also happen, if the 
user has a very small screen resolution, the size “2” of the text would be too 
large.

The font Verdana is specially developed for the web. 
The Font is used on all the five versions.
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4.5.3 Logotype
The logotype is the same as in version 2, but here with other colors. The col-
ors are dark blue and white, instead of blue and brown.

4.5.4 Browser compatibility
The site works in the same way in both Explorer and Netscape. The table 
frame around the text area looks just a little different than in Explorer, but 
that is how Netscape shows table frames, in a more three-dimensional way. 

4.5.5 The HTML-code  
The tag ‘table’ is used also for this page. This web page has the simplest codes 
of all the five versions.  

Version 3.
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4.6 Version 4

4.6.1 The design
The goal with this design was to make a site with an advanced graphical look 
and menu. The colors are chosen to make it a bit futuristic. The colors and 
design was also meant to refer to the purpose of the site, a web based tool. 

The basic colors in the design is the gray background and the white lines 
and text. The “startup”- page has a little gif-animation that says, “Welcome 
to CalARCH”. This animation enhances the impression of being futuristic. 
In this design more focus is on the menu, the menu is instead of text titles, 
symbols, showing what the main purpose of the page, that the symbols link 
to, is. The symbols that were chosen are a tool (for introduction text), a mag-
nifying glass (the CalARCH compare form), a book (glossary) and two links 
in a chain (links to other web sites). The images for these symbols were made 
in Adobe Illustrator with vector graphics, but were then saved for the web as 
gif-images. 

On mouse-over over these symbols they change to another image. That 
image has the symbol filled with a color and the title for the page is shown 
below the symbol. This is a function that was made possible by using Java. 
The same principle is for the “go up” links to the right in the menu. They 
change background color from gray to white on mouse-over. The colors that 
were chosen for the different pages were blue (intro), green (compare), light 
blue (glossary) and red (links). When the user clicks on a symbol the page is 
visible in the window above the menu. In the main pages the color and the 
symbol from the menu are visible to show which pages that are active for the 
moment. The background on these pages is still the gray color, and the text 
is white. 

4.6.2 Typography
The font is Verdana, and has the size “1” in the text.

4.6.3 Logotype
The logotype is the same as in version 3, but with the gray background, 
instead of the blue it has a little different look. 

4.6.4 Browser compatibility
This version of this page is using a function called “iFrame”, which is a type 
of “Frames”, but it only works in Microsoft Internet Explorer. If this site is 
the one to represent CalARCH, then it is possible to do also a version for 
Netscape, everyone regardless to type of browser can then watch the site.
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4.6.5 The HTML-code  
This web site is the most advanced one of the five versions. It uses tables, 
frames and Java. The first page, the ‘index’ page is a simple page with the 
grey background. On this page a ‘iframe’ is defined, which works like a win-
dow to another page. You can decide the size of this window, and where it 
should be located on the page. This is the code used for this function: 

<IFRAME NAME=”content_frame” width=650 height=645 frameborder=0 
SRC=”index2.html”>

Version 4.
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It means that the window is 650 pixels wide and 645 pixels high, and that 
it shows the page ‘index2.html’. ‘index2.html’ is an index page which defines 
what frames are being used. 

The frames are two rows, which consist of the menu page and the “info” 
page, where the web pages are displayed. The page at the bottom (the menu) 
consists of all the Java language. First of all the white box that surrounds the 
symbols in the menu is the border of a table. The same type of box is also in 
the other frame window where the different pages are being displayed. The 
program code which are the one that enables the mouse over effect is the fol-
lowing, and are located between the ‘head’ tags in the code:

<script language=”JavaScript”>

<!-- mouseover image script
function MM_preloadImages() { //v3.0
  var d=document; if(d.images){ if(!d.MM_p) d.MM_p=new Array();
    var i,j=d.MM_p.length,a=MM_preloadImages.arguments; for(i=0; 
i<a.length; i++)
    if (a[i].indexOf(“#”)!=0){ d.MM_p[j]=new Image; d.MM_p[j++].src=a[i];}}
}

function MM_swapImgRestore() { //v3.0
  var i,x,a=document.MM_sr; for(i=0;a&&i<a.length&&(x=a[i])&&x.oSrc;i++
) x.src=x.oSrc;
}

function MM_findObj(n, d) { //v4.0
  var p,i,x;  if(!d) d=document; if((p=n.indexOf(“?”))>0&&parent.frames.leng
th) {
    d=parent.frames[n.substring(p+1)].document; n=n.substring(0,p);}
  if(!(x=d[n])&&d.all) x=d.all[n]; for (i=0;!x&&i<d.forms.length;i++) 
x=d.forms[i][n];
  for(i=0;!x&&d.layers&&i<d.layers.length;i++) x=MM_findObj(n,d.layers[i].
document);
  if(!x && document.getElementById) x=document.getElementById(n); 
return x;
}

function MM_swapImage() { //v3.0
  var i,j=0,x,a=MM_swapImage.arguments; document.MM_sr=new Array; 
for(i=0;i<(a.length-2);i+=3)
   if ((x=MM_findObj(a[i]))!=null){document.MM_sr[j++]=x; if(!x.oSrc) 
x.oSrc=x.src; x.src=a[i+2];}
  }
</script>
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When this source code is defined in the ‘head’ tags, the following code needs to 
be defined where the image that will have this “swap image”-function are:

<a href=”calarch.html” target=”mainFrame” onMouseOut=”MM_
swapImgRestore()” onMouseOver=”MM_swapImage(‘Image             
 ’’,’pictures calarch2.gif ’,1)”><img src=”pictures/calarch.gif” width=”70” 
height=”70” border=”0” name=”Image2”></a>

The name “calarch.gif” is the first image that is shown when the mouse is not 
over the image. “calarch2.gif” is the picture that is shown, when the mouse 
is over the image. The ‘href ’-tag defines to what page the image is linked to, 
and the ‘target’ defines in what frame the page should be displayed in, in this 
case in “mainFrame”(above the menu).

4.7 Version 5

4.7.1 The design
The goal with this version was to make it as simple as possible. The back-
ground color is white and the other colors used are light blue, black and 
grey. It is supposed to make a clear and bright impression. The navigation is 
simple by using a style of the menu in a more classical way. 

Most of the web sites today have the menu to the left on the page, but 
by having the menu to the right it makes the site different in a way that 
increase the impression of the page. The text area is narrower than on the 
other version, which make it easier to read, because the rows are shorter. 
Instead of using colored areas to mark the text area, two thin lines separate 
the text between the logo and the menu. 

4.7.2 Typography
The font Verdana is also used for this web site. The color of the text is black, 
and blue in the titles. Since the background is white, the contrast of the text 
is good. The text have the font size “1”.

4.7.3 Logotype
The font in the logo is “Chicken Scratch”, which is a type of font called scripts.  
The same font is used in the menus, and gives the page an artistic touch. 

4.7.4 Browser compatibility
This site is the lightest (in Kb) compared to the other versions. It looks and 
works in the same way regardless whether you are using Microsoft Internet 
Explorer or Netscape.
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4.7.5 The HTML-code
A table is used to “split” the site in three columns, the logo, the text and the 
menu. The thin vertical black lines are also columns in the table. A black 
picture (1x1 pixel) is background picture in that cell which then makes the 
line. The cell in the table is only 1 pixel in width but 100% in height so the 
lines always will go to the top and bottom of the browser regardless to the 
screen resolution. 

The text in the menu also has a mouse-over effect, but not so advanced as 
in version 4. In version 4 it was two images that it toggled between depending 
on the mouse was over the image, or not. Here it is only affecting the text, 
but all the links in the page. The following code needs to be defined between 
the ‘head’ tags:

<STYLE TYPE=”TEXT/CSS”>
<!--
A:Hover { color: 6B84CE }
A {text-decoration: none }
-->
</STYLE>

“Color” defines which color the text shall change to on mouse-over. “Text 
decoration:none” means that the text is not going to be underlined, as links 
normally does.
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Version 5.
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5. Web Survey

5.1 Background
The approach with this Web Survey was to determine which of the web sites 
would be the most appropriate to use for the benchmarking tool, CalARCH. 
Of course the program, CalARCH is important, but without a good and easy 
to navigate web site, it’s a big risk that the first time users find the sites over-
all impression was not good, and the user will not return. With a nice looking 
design the chances are better to make a good impression. When designing a 
web page it is good to have three things in mind: the design, the size (Kb) 
and the navigation. All of these five versions are made with these things in 
mind.

5.2 The introduction page
For this Web Survey an Introduction page was made. It has an introduction 
text, and links to the different versions of the site, to the right. Under these 
links there is also a link to the forms page, with the survey questions.

The Introduction page for the Web Survey.
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5.3 The forms page
The form is CGI-based. It means that the information that is put in on the 
page goes to a CGI-server. On that server, a mail program sends an email 
with the input data to a specified email address. A CGI-script is needed to 
have this to work. There are many types of CGI-scripts that are available 
for free on the Internet. The script used here is downloaded from Matts 
Scriptarchive. When downloaded, the script has to be configured to work with 
the specific server. That is an easy configuration. It is specified were the URL 
for the CGI-server has to be changed. The email address for where to send 
the data must also be configured. 

5.4 Survey Questions
These Questions were addressed at the forms page:

Female?   Male?

Name (optional)
Country?

What kind of user are you?
                  Energy Manager
                  Building Owner
                  Tenant
                  Student
                  Researcher/Scientist
                  Engineer
                  Other

Which Internet browser did you use watching these sites?
                  Microsoft Internet Explorer?
                  Netscape Navigator
                  Other

Is your computer a PC or a Macintosh?

What type of Internet connection do you have?
What was your first impression?
                  Version 1
                  Version 2
                  Version 3
                  Version 4
                  Version 5
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Which site/sites are most appropriate for this technical material?
                  Version 1
                  Version 2
                  Version 3
                  Version 4
                  Version 5

Advantages
                  Version 1
                  Version 2
                  Version 3
                  Version 4
                  Version 5

Disadvantages
                  Version 1
                  Version 2
                  Version 3
                  Version 4
                  Version 5

On a scale from 1 to 5, put a number after each of the following keywords, 
where 5 is the best
                  Graphical Impression
                  Colors
                  Functionality
                  Navigation
                  Readability
                  Typography
                  Links
                  Logotype
                  Overall

Do you suggest a combination of features based on the five existing versions? 
Put the number of the version you would like to take the following parts from, 
after each keyword.
                  Logotype
                  Colors
                  Design
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Which one of these five web sites would you like to be the one to represent 
CalARCH?
                  Version 1
                  Version 2
                  Version 3
                  Version 4
                  Version 5

5.5 Implementation
When the whole Web Survey page was set up, and the form worked properly, 
email about the survey was sent out to 30 addresses on the Berkeley Lab, 
and to three classes at the University of Dalarna on the Graphics Technology 
program. The survey was sent out to a total of approximately 100 persons.

5.6 Survey Results
The responses received was less than expected. Of almost 100 persons, 
16 responded to the survey. The feedback was received from persons with 
different professions, like Engineers, Building Managers and Students, so 
although there was not so many persons taking part in the survey a pretty 
dissent conclusion could be made anyway. Of the people that took part of the  
survey was six from Sweden, seven from USA and one from Portugal. Half of 
the 16 responses was from students in Sweden and the rest was Engineers 
and Researchers. The students liked the more graphical advanced sites like 
Version 4 and Version 5. The Engineers and the Researchers liked the more 
simple sites the most, like Version 1 and Version 3. In the Appendix B there 
are diagrams showing the results for each version. The results is rated on a 
scale from 1 to 5, where five is the best. Below are the advantage and the 
disadvantage answers summarized for each version.

5.6.1 Version 1
Advantage:
It is simple and uncomplicated and the colors are easy on the eye. It get 
people right to the comparison, and the steps are clearly outlined.

Disadvantage:
The page is too long and the colors are boring.

5.6.2 Version 2
Advantage:
Good with much white areas. It is easy to navigate, with the nice tabs on the 
top. Visually pleasing.

Disadvantage:
The colors are boring and the fonts are a bit to small. The tab labels are not 
bright enough, when not selected.
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5.6.3 Version 3
Advantage:
Nice colors and it is easy to navigate. Simple layout and it is good with the 
big letters. Graphics on top is an improvement.

Disadvantage:
The text is too big. Have to scroll too much.

5.6.4 Version 4
Advantage:
The page associates to technics. It is clean and with nice navigating symbols. 
It is trendy looking.

Disadvantage:
It is difficult to read, and Netscape is not supported. The color is bad, and the 
font is too small.

5.6.5 Version 5
Advantage:
Fresh design, and it is easy to navigate. It has a nice design and architectural 
design in a nice combination. The logo is eye-catching.

Disadvantage:
The main frame is to narrow, and it is a bit more boring than the others.

5.7 The Final Version
The idea with “The Final Version” was to combine features from the five dif-
ferent versions into one, based on the survey results. It was not easy to make 
a good judgement from the results. Although three things was quite obvious 
to see by reading the answers from the survey. For most people the bigger 
letters on Version 3 was a good thing. It was simply easy to read, and much 
better for those who have bad eyes. Another good thing with Version 3 was 
the traditional heading with the combined logo and image. The image of a 
building on the page also refers to what the page is all about, saving energy 
in buildings. Version 5 got many good comments for its design and menu.

Cooperating with Satkartar Kinney, a new version was developed that 
is based on Version 3 and Version 5. The light design and the menu were 
inspired from Version 5. The header is taken from Version 3, but with another 
logo. Satkartar Kinney wanted a more artistic font in the logo than the one 
in Version 3, but not so extreme as in Version 5. The font “Backstabber”, was 
taken for the logo. It has style and not such a heavy appearance. The brown 
color on the left is picked from the buildings in the image.

A big disadvantage that was said about most of the versions in the Survey 
was that they were too long, so the user had to scroll too much. To minimize 
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that problem for this version, the text on the Benchmark/Compare page was 
cut down a bit, and the “Step 1-7”, was deleted. Instead pictures with just 
the number from 1-6 was put on the left side of the text. That minimized the 
height of the page pretty much. As in Version 3 it is just basic HTML-code 
that has been used, the page is, as Version 3, also built by tables. The color 
of the links is blue to match with the color scheme. A problem with the links 
was that they didn’t have so good contrast in the text. Instead of changing the 
color, the linked words were made bold. This web site is compatible with all 
web browsers, even Netscape, which is known for being hard to make a web 
page look good in. Netscape and Internet Explorer have completely different 
ways to interpret the HTML-code. This web site is now online to represent 
CalARCH.

The final version of CalARCH.
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6. Related Work
During the time the web site for CalARCH was developed, four other web 
sites were also created. The web sites existed before, but they needed to 
be updated and redesigned. While working with these projects continuing 
talks and meetings were done with Mary Ann Piette and Satkartar Kinney. 
In cooperating with Mary Ann Piette and Satkartar Kinney, the design and 
content of the web sites were decided. Below is a description of what work 
was involved with each site and a short description of the content of the web 
sites.

6.1 Arch

6.1.1 Background
Arch has the same functions as CalARCH, but Arch does a US nation wide 
comparison of energy use in buildings. CalARCH is only for California. Arch 
is also developed at the Berkeley Lab, as CalARCH. 

6.1.2 The Web Site
CalARCH was designed first and since the two benchmarking tools are very 
similar it was decided that Arch should have almost the same design as 
CalARCH. 

6.2 Diagnostics for Building Commissioning and Operation (IMDS)

6.2.1 Background
IMDS is a pilot project that basically is based on two buildings, one in 
Sacramento and one in San Francisco. In these buildings, sensors are 
monitoring most of the energy consumption in the building. Data from these 
sensors are collected and stored in a database. The Commercial Buildings 
Systems Group at Berkeley Lab has and is developing software that then 
uses the data collected in the buildings to calculate energy consumption. By 
doing this, conclusions can be made. For example if there is a very high con-
sumption, the chances of finding what is causing this is pretty good.

6.2.2 The Web Site
The Web Site is based on tables and has the menu on the left. The header has 
a close up picture of an office building in the background. 
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6.3 IMDS Functional Specification – Sacramento and San Francisco

6.3.1 Background
The Virtual Tour sites of the office building in Sacramento and the one in 
San Francisco were also done during the work on CalARCH. There are two 
separate web sites, one for Sacramento and one for San Francisco. The sites 
present detailed information of the buildings sensors, chiller equipment etc.

6.3.2 The Web Sites
The two web sites have the same template. The template is almost the same 
as for the IMDS site. The pages are based on tables and have a header and 
the menu on the left. The header has a dark blue color with a sketched picture 
of an office building in the background that shines through the blue color. 
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Conclusions
The five different versions of the web site for CalARCH represented both 
regular sites that are common on the Internet today, and also some new with 
a bit of artistic touch. As the web survey showed, the more artistic sites were 
popular among students, and the more traditional ones was more appreci-
ated among Engineers and Researchers. Since Engineers and Researchers 
are more familiar with the content of the site and other things that concerns 
Advanced Building Energy Data Visualization, it was decided that it would 
be best to keep the traditional look of the site, but at the same time make it 
graphical appealing anyway. 

The decision-making of how to design the final version of the site was made 
in cooperation with Satkartar Kinney. Satkartar Kinney has worked with 
the project since the beginning and has a good experience of how the web 
site should look like. The goal that was set before this study started was to 
find a design for the CalARCH web site that would fit its purpose. The most 
graphically advanced version, version 4, some considered in the survey that 
it looked very nice, and that it could be a site for a Record Company. In this 
case it is not enough that the site was very nice looking, it still could be mis-
taking for something else, and that’s the key for designing a web site, to find 
the right design for the right purpose. In this case the design of Version 3 fits 
more the purpose of the CalARCH project than Version 4 and Version 5 do.
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Time Plan                                                                                         Appendix A

March 8    Approval to start the Degree Project

March 20th    Arrival to Berkeley, California.

April          Start working with the additional web sites for the  
                    Commercial Buildings Group, Berkeley Lab.

June          Finish the five diferent versions of CalARCH, and  
                    start the Web Survey.

July           Start writing on the report.

August 16th   Presentation of the Degree Project.



Krister Udd
Degree Project, 10p

University of Dalarna
Graphic Arts Technology

Advanced Building Energy Data Visualization

41

Survey Results Diagram                                                   Appendix B:1 
Graphical Impression - Colors
Functionality - Navigation
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Survey Results Diagram                                                   Appendix B:2
Readability - Typography
Links - Logotype
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Survey Results Diagram                                                   Appendix B:3
Overall
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Internet Addresses for the created Web Sites   Appendix C

Please visit http://poet.lbl.gov/krister/ for updated links to these project 
web sites:

- CalARCH

- ARCH

- Diagnostics for Building Commissioning and Operation (IMDS)

- IMDS Functional Specifi cation - Sacramento

- IMDS Functional Specifi cation - San Francisco


