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SINCE 2008, High Performing Buildings magazine has publicized vital

HIGH
PERFORMING
A lesson learned at Holy Wisdom
Monastery is that high humidity during
the summer meant that the temperature setpoints in the chapel needed to
be lowered, and the heat wheel needed
to be run at all times.
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WHAT
MAKES
BUILDINGS

Omega Center for Sustainable Living
discovered that finding materials that
met the Materials Red List and radius
and responsible industry requirements,
as well as being affordable for the
client, was a complex challenge.

W H A T

At IDeAs Z2 Design Facility, integrated
design made value engineering more difficult. For example, using a lower cost glass
did not affect light levels but did increase
solar heat gain, subsequently increasing
the size of the HVAC system and PV arrays.
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details about buildings that have performed well. These areas of high performance
include not just energy usage, but other areas of sustainability, such as water
usage, recycling, environmental education, cutting-edge features or products and
techniques, and ongoing operation and maintenance. The editorial vetting process
for articles has evolved over the years. It is not practical for the editorial staff
and board members to personally verify all data submitted, but some improved
techniques are used to try to ensure the data is correct.

P

hotos of the building and
its features, size, design
team and ownership have
always been included. A
requirement was later added to publish a recent year’s worth of actual
usage data — month-by-month, especially energy. A standard, five-page
building data form the author fills out
includes basic facts and key building information. The form’s footnotes
explain to authors what is meant by
certain information requested.
How the hard data is presented has
been refined, too. Several sidebars
consistently appear in each article:
Building at a Glance, Building
Envelope, Energy at a Glance, Water
at a Glance, and Key Sustainable
Features. Guidance is provided to
authors to present data in as consistent a manner as possible; most
of the tabular data contained in the
accompanying charts and table in
this article are pulled from those
sidebars. They enable the reader to
get a quick “picture” of the building
just by scanning its data. Then, if

interest is whetted, readers can learn
further details from the text.
Proposed articles, once received
and after preliminary review by
ASHRAE’s editorial staff, are sent
to editorial board members for any
comments. (Reviewer guidelines
have been developed recently to
give the reviewers specific items
to look for.) Staff shares constructive comments with the author and
then makes the final prepublication
edits.

What Drives High Performance

What Makes Buildings
High Performing
Answering this question began with
creating a large compilation of buildings appearing in HPB magazine
during the last four years, including
key size, usage type and energy data.
We assembled some detailed information on about 60 distinct buildings of various types and locations,
all based on data presented in past
HPB magazine articles.
Nominal energy performance
varied widely, usually based on the
Spring 2012

buildings’ purpose and use. (High
energy usage, on a unitized basis,
does not necessarily mean a poorperforming building.) Capital costs
had a wide variance too, but this
article’s thrust is to concentrate on
building performance, rather than
what it cost to achieve.
It would be informative if the characteristics of all of these buildings
could be summarized and analyzed,
but that’s perhaps for another time.

HIGH

To get our arms around this question,
we selected eight buildings from the
array of buildings listed in Figure 1
and pulled data on them from the
articles. This resulted in the data in
Table 1. Judgments were made as to
which data was most relevant.
Although we focused on energy
performance, that is not to imply that
certain other, non-energy features or
performance criteria were unimportant. Often, water conservation, reuse,
collection or treatment features
were incorporated; recycling waste
PERFORMING
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Dockside Green

Use

Design Firm
Office (Formerly
Branch Bank)

Corp HQ

Corp. Office,
Studios, Gym,
Showcase, Conf.

Office, Library,
Dining Room/
Kitchen, Conf.,
Assy., Workshop

Classrooms,
Labs, Café,
Fitness Center

Office, Conf.,
Library, Light
Court, Lobby

Waste Water
Filter Plant,
Classrooms,
Labs

95-unit
Residential

HPB Issue

Fall 10

Winter 11

Fall 10

Spring 11

Winter 10

Winter 12

Fall 11

Fall 11

New/Retrofit

Retrofit

New

Retrofit

New

New

New

New

New

Location

San Jose,
Calif.

Louisville,
Ky.

Long Beach,
Calif.

Middleton,
Wis.

Newark,
Calif.

Richmond,
Calif.

Rhinebeck,
N.Y.

Victoria, BC,
Canada

Lat

37+ N

38 N

34 N

43 N

37+ N

37+ N

41+ N

48+ N

HDD

2,033

4,258

1,193

5,553

2,033

1,344

6,008

5,494

CDD

717

1,390

1,095

1,432

717

851

1,176

1,286

Area (ft2)

7,000

20,000

22,000

34,400

130,000

205,000

6,200

178,500

Orientation

N-S

E-W

Not given

N-S

NNE-SSW

E-W

E-W

E-W

Cost/ft2

$360

$160

$73

$209

$446

$168

$656

$132

EUI (incl renewables)
kBtu/ft2 · yr

– 0.55

11.5

13.9

27.6

12.2

37.6

–5

14.6

ENERGY STAR Rating

80

100

NG

93

90

98

NG

98

30 32 (flt), 40 (mtl)

38

30

20

19

22

40
Emissiv = 0.9

Skin Characteristics
Roof R
Reflectivity

80%

NG

88%

very high

NG

0.26

74 – 78%

Wall R

19

28

20

16

12.7 – 13.0

1.8 – 5.3

19

29

Window U

0.27– 0.29

0.37

0.34

0.35

0.29 – 0.97

0.40

0.30 – 0.32

2.11 W/m2

SHGF

0.31

0.31

0.30

0.23 – 0.35

0.3 – 0.2

0.44

0.7 (S), 0.37
(other)

Varies

Y (skylights)

Y (lite tubes)

Y (skylights)

Y

Y

Y

Y

Y

63%

72%

0.8

0.2 – 0.4

23% to 43%

69%

70% to 79%

0.7

Photocells,
0.7 W/ft2
Occupancy No Lights During
Services
Sensors,
Dimming

High Efficiency,
Direct/Indirect
Occupancy
Sensors

On/Off
Perimeter,
Task Lighting,
Occupancy
Sensors, TCs

High Efficiency,
Control
in Stages

High Efficiency,
Efficient
Appliances

Daylighting/Lighting Controls
Daylighting?
Visual Transmittance

Occupancy 0.65 W/ft2, Task
Lighting
Sensors, High
Module
Efficiency,
Overhangs

Lighting Controls?

Renewable Energy
kBtu/ft2·yr

21.7

2.1

2.6

2.5

1.6

0

25.3

13

% Renewable
(to non-renewable)

103%

15%

16%

8%

12%

0%

125%

47%

Renewable Type

PV

PV
(thin, 11 kW)

PV

PV

PV
(450 kW ac)

None (future)

PV

Biomass
(Wood Waste)

GSHP (Field), Rooftop AHUs,
Natural
GSHP (wells),
“Slinky,” Heat
VAV, Zone
Ventilation, Some Radiant,
Recovery Heating, Water12 Zones Ventilation DRG,
Occupancy, Enthalpy Wheels Cooled Chillers,
Operable Windows
VSDs

GSHP (Wells),
Ceiling for CR
only, Operable
Windows

Four-pipe HR
FCUs w/DHW,
Condensing
Boilers, Exhaust
Through HR Wheel

HVAC
GSHP (field),
GSHP (wells),
Radiant Heating/
VAV, RTUs
Cooling Floor (DOAS), TVOC &
DP controls

Other/Special Features
Post-occupancy Thin-Film PV, Plug
Survey,
Load Control
Electrochromic
Windows, Circuit
Monitoring
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Fiber-optic DayWater Cons.,
lighting, Roof Recycling, Native
Sun Mirrors,
Landscaping
Astronomical
Roofs on Out
Time Clock
Buildings
Spring 2012

$150,000
Filters 52,000 Rainwater/Black
Water Cons.
Rebate, Gallons Per Day, Water for Irrigation,
Filters, Built on
Demand Zero Net Potable Monitoring CO2,
Brownfield,
Occupants Get
Water Use,
DHW by Gas Reduct. System,
Feedback
Brise Soleil
Eco Machine

Common Characteristics
of High Performers
One size does not fit all. One
truth that became obvious early on
was that there are many ways to
design — and features to include
in — a high performing building.
There is no one formula or set
menu of features and design techniques that applies to each project.
This means that a lot depends on
the creativity, innovative skill and
effort of the design team, and on
the particular situation a team is
facing.
Another characteristic that
wasn’t mentioned much in the

© Robert Canfield

E I GIdEaS
H T Z2
B U I L D I NCMTA
G S Lighting
F R O MDesign
H P B Holy
M AWisdom
G A Z IOhlone
N E College
Design Facility Office Building
Alliance
Monastery
Center

Omega Institute
for Holistic Studies

California Department
of Public Health

Ohlone College Newark
Center

Holy Wisdom Monastery

Lighting Design Alliance

CMTA Office Building

IdEaS Z2 Design Facility
T A B L E 1  

California
Department
Omega
of Public
Institute for
Health Holistic Studies Dockside Green

materials also was frequently done.
Education or learning about environmental and sustainability issues was
often a main feature of the building’s
purpose. These characteristics were
just not as easy to summarize in hard
data format.
Of the eight projects reviewed,
building type varied considerably — from small offices and classrooms to a water filtrat ion facility/
teaching venue to a multi-unit residential tower. Capital cost also varied
considerably; while there may have
been good reasons for this, little effort
was spent trying to find out why.
Further, although the buildings
analyzed were not picked on this
basis, almost all of them fell in
rather temperate and sunny climatic regions — within 7 degrees
of latitude of each other. (The
exception was a project in Victoria,
BC, Canada, at 48° N. latitude.)
Four of the eight were in southern
California. Two of the eight (including a net zero energy building
[NZEB]) were retrofits.

articles — but was obviously always
present — is the commitment of the
team’s leadership, including most
certainly the building’s owner/owner
equivalent. As an example, before
Ohlone College began Newark
Center’s design process, its new
president conducted a thorough
review of the contemplated project’s direction, and then tasked the
design team to make the project not
only an exemplar of sustainability,
but a learning tool as well.
Envelope Characteristics. Most
designs paid attention to making the
building’s envelope energy efficient,
incorporating high-R roofs with
generally high reflectivities and
effective thermal control (Table 1).
No windows used single-pane glass
(based on the range of U-factors
provided), even in mild climates.
The blockage of unwanted solar
energy (SHGC) was usually consistently low. Though usually not mentioned specifically, passive heating
techniques also had to be integrated
into the thermal control strategy for
the envelope. Visual transmittance
indicators were given as well, where
a high value would be desirable for
Spring 2012
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Ohlone College Newark Center operated
at net zero energy for four months of 2008.
In hindsight, thermal solar panels with hot
water storage could have been used, instead
of natural gas, to supply domestic hot water.

natural lighting purposes. These
exceeded 60% in all but two cases.
Daylighting. Every single building
of the eight indicated that daylighting was incorporated (Table 1). The
techniques varied considerably:
from shaded sunny-side windowwalls to clerestories to skylights
to light tubes; one claimed to have
electrochromic windows. (This
is where a photocell automatically reduces solar heat gain and
glare when direct sunlight strikes
the glass.) Another used a “brise
soleil.” (These are fixed external,
louver-like sunshades.) While daylighting is nice and creates a pleasant environment, etc., it won’t save
energy unless it supplants electric
lighting. Therefore, effective lighting and controls are paramount.
Lighting/Lighting Controls. The
buildings included all the “usual
suspects,” from high efficiency
sources to photocells, time clocks,
south-side overhangs, dimming,
zoned on/off control, staged control,
PERFORMING
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Site

Source

50
500

400

300

200

100
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Golden Hill Office Center

Waterloo Police Services Building

Shattuck Hall — Portland State

Manassas Park Elementary

Plano Elementary School

Cold Climate Housing Research Center

0

Bethke Elementary

100

Dockside Synergy

200

Holy Wisdom Monastery

Grander View

Terry Thomas

Manitoba Hydro Place

SOLON Headquarters

– 40

Holy Wisdom Monastery

Grander View

Terry Thomas

Bethke Elementary

Dockside Synergy

SOLON Headquarters

David Brower Center

Lighting Design Alliance

CMTA Office Building

Ohlone College Newark Center

Tyson Living Learning Center

IDeAs Z2 Design Facility

California Department of Public Health Building P

– 20

Gettysburg Park Museum & Visitor Center

Four Seasons Produce

Cannon Design St. Louis Power House

Maplewood Police & Court Building

Great Rivers Energy Headquarters

EPA Region 8 HQ

Hurt Building

Owens Corning

McDonald’s Corporation

200 Market Building

Ada County Courthouse

US Homeland Security, Omaha

Kitsap County Administration Building

Burns & McDonnell

CSOB Headquarters

Christman Building

California Department of Education

Klarchek Library/Loyola University

Jewish Reconstructionist Congregation

California Department of Public Health Building P

300

Ohlone College Newark Center

400

Tyson Living Learning Center

500

Lewis Center — Oberlin College

600

Omega Center for Sustainable Living

0

David Brower Center

20

CMTA Office Building

40

Lighting Design Alliance

60

Energy Lab — Hawaii Prep Academy

Source
80

IDeAs Z2 Design Facility

Site
100

Omega Center for Sustainable Living

Source
120

Energy Lab — Hawaii Prep Academy

Site

F I G U R E 1 B U I L D I N G E N E R G Y U S E I N T E N S I T I E S ( K B T U / F T 2· Y R )

F I G U R E 2 O F F I C E & P U B L I C A S S E M B LY B U I L D I N G E U I S ( K B T U / F T 2 · Y R )

– 100

F I G U R E 3 S C H O O L , D E M O / L A B A N D O T H E R B U I L D I N G E U I S ( K B T U / F T 2· Y R )

0

– 100

Spring 2012

HPB.hotims.com/37998-6

© Perkins+Will Canada Architects Co.
© Dean Lavenson

Although the angled awnings at Synergy at
Dockside Green function well, they are more
sensitive to wind conditions and frequently
retract into a protected position. Vertically
mounted horizontal blinds used on a subsequent building achieved a greater number
of days of direct solar protection.

task lighting and direct/indirect
lighting techniques. One building
had a fiberoptic daylighting transfer and control system (daylight is
transferred fiberoptically to light
fixtures), roof-mounted sun control
mirrors and an astronomical time
clock. (Surprisingly, that building
also claimed the least capital cost
per square foot!) The monastery
saved energy by not using lights
during religious services. There is

little doubt that proper and efficient
lighting design and effective lighting controls are an essential element of high performing buildings.
In an earlier HPB article (“Head
of the Class” HPB Winter 2008)
states that, of all the techniques of
making use of solar energy, daylighting — properly designed — is
the most effective and has the lowest payback. We believe it’s better
than passive heating, solar thermal,

Thinking about high performance design
as an affordable option is a big change for
many clients, and change can be difficult.
CMTA has discovered that its clients find it
helpful to take tours of other sustainable
projects that CMTA has designed, including
its headquarters (shown here).

photovoltaics, high-temperature
evacuated tubes, concentrating collectors or mirror-redirected solar
collection for steam generation.
Renewable Energy Use. Almost
all the buildings had some energy

EUI IN EIGHT SAMPLE BUILDINGS
Energy use intensities (EUIs) for buildings
that included measured energy consumption and renewable energy produced are
presented in Figures 1 through 3. Figure 2
shows site and source EUIs (expressed
in kBtu/ft2 of floor area) for the office and
public assembly buildings that had case
study articles in HPB. Since the more
detailed instructions for the “Energy at
a Glance” data were first requested for
projects starting with the Summer 2009

issue, most, though not all, case study
articles have provided measured energy
performance data.
There is a wide range of energy performance for these buildings. Similarly,
Figure 3 shows EUIs for the schools and
“demonstration facilities.” Not surprisingly, the demo facilities, often purposebuilt to demonstrate low energy or
environmental impact, generally have the
lowest EUIs.

For this article, the authors decided to
limit the analysis to the best performing buildings — as identified by their site
energy usage — and focus on only a few of
those. Figure 1 lists that array of buildings,
showing site energy use index (EUI, kBtu/
h·ft2·year) and source EUI (same units).
The bars are arranged in ascending order of
source EUI. Only 15 of the lowest EUI buildings were included, and all had a site EUI of
around 40 kBtu/h·ft2·year or below.

specific as to location; that is, an EPA-derived
national average is applied across the United
States. That ratio will only vary depending
on the mix of energy types used at the site.
(That is, a fossil fuel used directly by a building will have a different EUISrc /EUISite ratio
than electricity — and both will differ from
that for a renewable energy source.)

A lot of ongoing controversy and discussion exists within ASHRAE about exactly
what constitutes both varieties of EUI;
these issues have not been resolved at this
point. The previously mentioned building
data form uses the ENERGY STAR definition
of what constitutes EUI, and HPB relies on
the author to follow that guidance.

contribution from a renewable
energy source, usually solar (photovoltaics [PV]) (Table 1); the one that
had none intended to add renewable
energy in the future. One building
(in Canada) incorporated a biomass
generation plant from readily available wood chips to meet the building’s heating needs, with excess heat
exported. (This form of renewable
energy usually supplants natural gas,
which is generally less expensive per
energy unit than electricity.)
Except for the NZEBs, the percentage contribution of PV-based renewables (in the four buildings with PV)
to the non-renewable energy needs
was fairly small, ranging from only
8% to 16%. The biomass building,
however, received almost half (47%).
HVAC. Five of the eight buildings
analyzed had a ground source heat
pump (GSHP) system. Two of the
GSHP systems used horizontal fields
and three deep wells as the transfer
method to and from the earth energy
sink/source (Table 1). Often, this was

matched with radiant floor heating,
and in one case, cooling, too. Other
frequently occurring features — some
with GSHP and some not — included
VAV air systems, natural ventilation
(operable windows), heat recovery
wheels (from exhaust air), variable
speed motors and high-efficiency
condensing boilers.
Rainwater/Waste Water Collection/
Recycling. Most of the analyzed
buildings paid significant attention
to water conservation measures,
and several had various forms
of rain or waste water collection and reuse, including, in one
case, black water. Some features
included a private well, native
landscaping requiring little or no
non-natural irrigation, green roof
gardens, construction adjacent to a
wetland, plus the usual measures
to minimize potable water usage.
From this and past high performing building reviews, sensitivity to
the water cycle is virtually always
incorporated.

The site EUI figure (Figure 3) includes the
contribution of renewables to the net result
shown (not always done this way in the
industry). The contribution of renewable
energy (usually solar) is then shown separately: both in comparable units and as a
percentage of the non-renewable energy used
(Table 1). Also, the source EUI is not site-
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Other/Special Features. Apart from
the unusual features mentioned in the
previous discussion, others included
green roofs on outbuildings, a demand
reduction system (not described in
detail), using rainwater and black
water for irrigation, employing an
“Eco Machine” for education and display purposes and providing occupant
feedback on monitored CO2 levels.
There was at least one dedicated
outdoor air system (DOAS) installed.
One building submitted the results
of a comprehensive post-occupancy
survey (quite favorable).
Lessons Learned. Another requirement for articles is that they include a
list of “lessons learned.” This is often
the most interesting and informative
part of an article, especially if the
authors/designers are frank in sharing
what happened. These often provide
unusual insights into the experience of designing a high performing
building. It is expected that, when
one is “pushing the envelope” on
innovative and sustainable design, not
everything goes right; and it is these
explanations that offer perhaps the
best learning experience for readers.
What went especially right can also
be described — and often is.
The following are some of the
more interesting lessons learned
among the eight buildings analyzed (capsulizing the words of the
designers and authors). These have
been arbitrarily categorized under
several topic headings:
At the California Department of Public
Health’s Building P, it was challenging
to implement PC energy management
software because it took nearly a year to
convince IT management that the software
would not cause crashes. However, the
software was installed with no problems,
and has reduced energy consumption.
PERFORMING
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• Rooftop

Big Picture
• Elective

features are nice: include
beautiful feature vs. LEED Gold?
• High performance design is often a
big change for clients, and difficult
for them
• Best solutions (to achieve sustainable design?) are not yet here
• Sustainability = long term outlook
+ daily maintenance
LEED
• Aim

Daylighting/lighting controls
• Daylighting

controls are
always evolving
• Tuning occupancy sensors can
be time-consuming
• Fiberoptic daylighting control
system is expensive
O&M
• Actual

needs of users are paramount (as opposed to what the
designers think they are)
• Operation and maintenance must
be emphasized to stay efficient
• Careful monitoring of conditions in
the first year is important
 eware/Wish I Hadn’t/or
B
What Didn’t Go Exactly as Planned
• Beware

the risk of new technologies, which can often be
problematic
• The integrated design process
(IDP) makes value engineering
more difficult
• Electric domestic hot water supplemented by solar would have
been better than gas-fired
54
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Questions Raised
• What

are optimal thermostat
control settings during natural
ventilation?
• When should heat recovery wheels
be operated?
• What are the proper humidity settings for the musical instruments?
Good Things Happen, Too!
• Actual

building performance was
better than the models due to the
recovery wheels
• Daylighting and energy simulation
models were accurate
• Recycling room became a social hub
• Building was a pilot for the state,
and a $150,000 rebate was received
• Green roof and gardens were a
big success
These lists briefly summarize the
lessons learned for these eight
buildings. The authors usually
devote a paragraph or two describing each. (To learn more detail,
you’ll just have to read the articles.)
These Lessons Learned are nice
to read when they provide some
“great truths” (Big Picture) or cite
favorable outcomes (Good Things).
However, our favorites fall in the
category Beware/Wish I Hadn’t/or

BUILDINGS
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higher (said with respect to
trying for a certain LEED level)
• The LEED process can be expedited
• Cost of applying for LEED certification is not so bad

units originally installed
had to be changed
• Automatic shade awnings retracted
when conditions were windy (thus
losing shade)
• Some innovative materials
delaminated
• Fan-coil units should have been
four-pipe, rather than two-pipe;
little cost penalty
• Implementing energy management
software was challenging

At the Lighting Design Alliance the most
important lesson was that the needs of the
users, as described by them, and not just as
assumed by the design team, should be the
defining factors from the beginning of design.

What Didn’t Go Exactly as Planned.
This is because some provide real
insight into endeavors that were
tried in an effort to “push the
envelope” of design; we also find it
admirable when designers/authors
are willing to share what didn’t go
quite right. That is frequently where
the most can be learned by readers. •
ABOUT THE AUTHORS
David L. Grumman, P.E., is chairman
of Grumman/Butkus Associates in
Evanston, Ill.
Adam W. Hinge, P.E., is managing director of Sustainable Energy Partnerships
in Tarrytown, N.Y.
Both are members of High Performing
Buildings magazine’s editorial
advisory board.

HPB.hotims.com/37998-12

