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One Strategy...
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Yuan Yuan Gardens Tea House, Shanghai, China
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Malaysia Primary Energy Consumption
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Trend for Energy Consumption in Malaysia -2020

$2 Billion Energy Fund
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2000 Watts Society
with 30 million people
consume 46 Mto in the

3650 Watts Society with
24 million people

consume 67 Million year of 2020

tons QOil Equivalent in
the year of 2006
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“...hand over to the next generation a
country where all the environmental
problems have been solved.”

Swedish Parliament, 1999
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Lessons from Sweden:
How Community Infrastructure Can Reduce Carbon Footprints

Peter Busby, C.M., AlA, FRAIC, MAIBC, MAAA, MOAA, LEED® A.P., DSc (Hon.)
Managing Director

Blair McCarry, P.Eng. PE ASHRAE Fellow, LEED ® A.P.

BUSEY
PERKINS

Ideas + buildings that honor the broader goals of society EWIEL
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Hammarby Sjostad, Stockholm
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A New Urban Waste Strategy
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Resulting in More Available Space
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The biogas system
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NSF/IUCRC, and ABSIC at Carnegie Mellon
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Gasoline Use per Capita
versus Population Density
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Applying These Lessons at Dockside Green
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Applying These Lessons at Dockside Green
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Applylng These Lessons at Dockside Green
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Smith Group Greq Mella with Janet Harrison
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Chesapeake Bay Foundation
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The rainwater collection system
consists of the roof, gutters, cisterns,
and filters.

It reduces potable water consumption
by 70%

» l:I A, e desice Mf
:ru- wis h-\’ll 11 !\-H‘ﬂ!

Filtered rainwater is used for
everything except the kitchen sink and
showers including,

handwashing,

fire suppression,

mop Sinks,

HVAC makeup water,

and laundry.
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California Academ of SC|ence Renzo Piano Archltect Gartner Enclosure
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Dynamic Facades

Example 3:

Commerzbank

Frankfurt, Germany

Architect: Norman Foster

Dr. Ing. Fritz Gartner, Josef Gartner& Co
Peter Muschelknautz, Commerzbank

+ Double-skin facade

- Unnecessary HVAC
back-up (redundant
SYALEN)
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Even high rise offices can
be naturally ventilated
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Flucht- und Rettungsplan
35. ObergeschoB

- ——.
D
‘? \)‘> L ‘

(2

Leg:

= Rettun

o Notaug
i . Erste
B Kran

Feuel
Feus

Center for Buildin: o

@ #=Carnegie Mellon









Center for Buildi




{

2y P
&
id
s

5 , o : P . .r .. X . ¥ . ‘-;.‘.MV ‘
=12 W Carnegie Mellon

Center for Buildinds



|

Center for Building rellOrmance ana Diagnosucs, a NSHIUCLKC, alla Absic at Carnegie Mellon



TN U 7T Mo U o Rl i o g reiviemom




Electricity Flow in the U.S., 2007
(Quadrillion Btu)

Otherb Unaccgu;éed ford Net Imports et
: of Electricity Irec Trans-
0.17 0.11 Used _ portation
: 0.03
A N
Renewable Energy 3.92 4 T T T T
Gross | Net End Retail commercial 4.58
Nucl Electric Power Gfeé'-lera;tl_o_n c()?eErllgg?rtilct:)i?y ose %al%
a uciear clec .
Other Gases 841 i 14.19 13.28 "% Residential 4.75

0.17
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Petroleum 0.72
%_ ry l T & D Lossesf
A 1.34
Natural Gas 7.72 Energy Plant Use® 0.75
Consumed
To Generate
Electricity
42.09
Fossil Conversion
Fuels Losses
29.59 27.15
Coal
20.99
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Urban/Neighborhood/Building Levels Interconnected
Energy, Water, Air and Soil Harvesting-Closing the

Cycles

Industrial Mining
8%
Irrigation-Livestock

o Electricity Efficiency [l
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Renewable Energy 3.92

MNuclear Electric Power
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http://www.cmu.edu/iwess/workshops/index.html%23absicworkshops

Figure 1: California 1999 Summer Peak-day End-use Load (GW): 10 largest
coincident building-sector end-uses and non-building sectors

Demand (GW)

mResidial ("Oaher™ Area)
- A Conditioning
oCom'L - Air Conditioning

BCom'L - Inderior Lighting

mHEes. - Refrigerato
mom'lL - Vertilation

oHRes. - Cooking

oom’L - Refrigeration
o Femainder of Buildings sector
B ndustrial Sector

=] .".j_n'i-;Ldtlll'L' 8 Other Sectof

System Peak

Time of Day (hour starting)

The True Cost of Least-cost Buildings: Peak Energy Costs
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GHG EMISSIONS PROFILES FOR SELECT COUNTRIES - 2005*
Percent, Gigatons CO,e

100% = 24 3.1 1.8 7.0 72 13 1.0

Deforestation and
land-use change

Agriculture

Transportation
Industry and waste
Electricity and heat

Brazil Indonesia India China United Japan Germany
States

* Carbon sinks are not shown
Source: UNFCCC, WRI, IEA, EPA, McKinsey analysis

Source: McKinsey&Company, Reducing U.S. Greenhouse Gas Emissions: How Much at What Cost?
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Bio-Diesel Co-Generation Engine

»
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Steam Generating and Storage

A il
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Annual Site/Primary Energy Consumption in Office Buildings

kWh/m? net floors pace

TJTHF A

US average California UKaverage Germany Germany Intelligent BAPP BAPP BAPP BAPP BAPP GSHP+ | |
average best Workplace ASHRAE ascending operating GSHP+PV PV + SOFC BAPP GSHP+

practice practice strategies strategies solar

thermal
O Site O Primary
Data source:
EIA, Commercial Building Energy Consumption Survey 1995; PG&E, Commercial Building Survey Report 1999; UK National Statistics

* Germany average practice is calculated based on the energy consumption measurements of 15 German office buildings built between 1990 and 2002 (with primary
energy consumption ranging from 180kWh/m? to 1,000kWh/m?2).
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Annual Waste Breakdown for the U.5. by Source

Municipal Solid
Waste pal
180

L Mining Waste
140(:18

“++——— Construction and
7 Denwlition Waste
31.5

Oil and Gas
Waste
2095

Utility Waste
85

Other
18.6

| Industrial
Nonhazardous

~L7

7600

EPA / EPRI ESTIMATE
{ in Million Tons)

Municipal Solid
Waste
180
Mining Waste
Utility Waste 1400
85 Construction and
Other ??Frsrulitiﬂn Waste
18.6 i

Oil and Gas
Waste
2095

Industnial
Nonhazardous
Waste

7600

Building Industry related wastes
{(40% ot each segment)

CENTER FOR BUILDING PERFORMANCE &
DIAGNOSTICS / ABSIC, VOLKER HARTKOPF
ESTIMATE
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Building As Power Plant (BAPP)
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Innovative Energy Systems
Ascending-Descending Strategy

Natural Environment

Solar hydrogen via electrolysis Solar
Thermal PV
Fuel Cell Lighting,
Natural Gas/ Computers
Bio gas
rejected heat Heat Recovery Dayllghtlng/_
Steam Generator . natural ventilation
Electrical
rejected heat Energy :
: Steam Turbine Crillse Water
Cooling
rejected heat chilled water _
Absorption Dgi'(;?r?nt
regen. hot water 9
rejected heat : Domestic Hot Water
Boiler .
Water mullion

Geothermal Environment
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Potential Cost-Benefits for Building Quality Differences - BIDS™

200

180 -

160 -

140 -

120 -

100 -

$ per square foot

20 -

Salary Rent/Mortgage Energy
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Total Cost of Ownership - Office Workplaces

500 0 R— =
i $5,300 Tumover® £
40000 4 ottt 4 d
EeEl | $765 (1.7%) Abseenteism g
P
a
0l
35000 | g
$244 Lower Respiratory’
$101 Asthma °
_ 90000 4 $95 Allergies®
© $92 Back Pain’
g $73 Headaches®
: :
E 25000 $68 Cold \ i P‘oter.wt\al Bgngﬂts of
a $45000 $17 MSD N Quality Buildings
- Salary ! $19 Throat Irr|tat|06n
o ary $18 Eye Irritation
£ 20000 Worktime $18 Sinus Conditions °
Q Loss
E_ P —
8 15000 | - $5,000 Health '
i | $2 26 Interior Systems
$70 Utility Central Systems
$62 Roads and Grounds
10000 | $18,5031 m=s=—i| $1,000 Connectivity $36 Extemal Buiding
Benefits (Forrester Group) $73 Process and Environmental
Systems
5000 $10,000
1 12.5%
i Technology $450 $412 $200
Producfivity $3,200 Energy 11 EM™ Chumn
0| RentiMortgag: ™
Salary Benefits Technology Rent/Mortgage Energy FM Churn
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Current Unit System: U S5/Imperial Syste:

Eas:e Study Selection
Heschong et al 2002b [
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Schools 1

L

16/25 . INVESTMENT:

o>

e . $500,000

o>
17734 . BEMEFIT&:

<> . . Productivity:

15 $25 670,518

EVA: $25170,518

ROE &75%

1ong et al 2002k

B

aF
15T

Daylighting = Individual Productivity

Heschong et al 2002b | Schools 1 - Daylighting in Schools - A

Ina 2002 multiple building study, Heschong et al identify ™ to 26% higher test scores for school children in highly daylit
classrooms than for children in classrooms with no to very little daylighting. The average 15% improvement in test
scores represents a significant measure of individual productivity. more information ...
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Systems integration

Economicology
Systems integration to

Health create win-win solutions
Wellbeing « Increase quality of life within and
Productivity outside buildings

* Reduce resource requirements

e Secure US competitiveness

 Increase national security

Systems
integration

Resources
Energy
Economy
Security

Environment
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Systems integration

Economicology
Renewables: Systems integration to

Solar, Wind, Bio-gas, create win-win solutions
Day-Lighting, Natural Ventilation

Passive/Active Heating/Cooling * Increase quality of life within and

outside buildings

Reduce resource requirements

Secure US competitiveness

Increase national security

Systems
Integration

Resource

Conservation: ®Distributed Generation
Energy, Water, Fuel cell, bio-diesel
Materials generator
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CMU NEAT
field instrumentat i

anca or Interfors with your abllity to get your

16 in your Warkstation 7

IR LT 1T Y Treaenryy pryvespen T T

technical attributes of building
walkthrough systems (CMU TABS
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NEAT On-site Spot Measurement COPE On-site Survey_DISSATISFACTION
Percentage of Measurements meeting Standards Average, Minimum & Maximum Level of 26 Workgroups
Percentage responded 'very dissatisfied’, 'dissatisfied' and 'somewhat dissatisfied' (-3, -2 and -1 in a 7-point scale from -3 to 3)

amount

ount of light for comp

ity of lighting

Visual

ount of direct gl

Measured:

Cross Portfolio Analyses

600 workstations
in large US office buildings

for Building Performance and Diagnostics, a NSF/IUCRC, and ABSIC at Carnegie Mellon




NEAT On-site Spot Measurement
Percentage of Measurements meeting Standards

COPE On-site Survey_DISSATISFACTION
Average, Minimum & Maximum Level of 26 Workgroups
Percentage responded 'very dissatisfied’, 'dissatisfied' and 'somewhat dissatisfied' (-3, -2 and -1 in a 7-point scale from -3 to 3)

amount

ity of lighting

Visual

Thermal

temperature

ount of direct gl

Perception:

Cross Portfolio Analyses
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7 Recommendations for Energy Savings + Performance
in the GSA Portfolio ( to save over 450M kWh/year)

&

Filter Daylight Window
ol management dominant upgrades

35% retrofit rate Strategies 5% retrofit rate 5% retrofit rate
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Facilities

Light Levels on Primary Worksurface in 19 Federal Building Groups with Task Lights On
(* IES (2004) recommends minimum 500 lux light levels on worksurface for paper based work)
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Window Proximity and Health Complaints in Two DOE Office Buildings

daily/several times per week)

Percent reporting symptom [almost

Eye stain Lowe back  Tierd-ness Elurred Saoreneck  Irritability  Headache Sore Sleepless Eyeirritation Feel stress Cough  Moise/throa
pain vision shoulders ness irritation

M Mear interior core B Middle of the office W Near exterior window

Center for Building Performance and Diagnostics, a NSF/IUCRC, and ABSIC at Carnegie Mellon
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air temperature distribution in GSA buildings reveals
40% “’too cold’ conditions in summer

Temperature at 4 feet from floor (°F)

Heating Season Swing Season Cooling Season

o
L
b il
[ E]
[
=
<
@
=1
E
LT
=

Comfort zone in cooling season: 74-82°F

il cﬁ"ﬁ?@&’@"ﬁ
.;5‘5“"'"’ \:}?56& égg\éggb 5“\ &/oﬁ;@#,ﬂe

(In 22 federal office buildings nationwide, on 43 office floors, a statistical sample of 624 workstations)

s
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Drawing Conclusio

CHICAGO Thermal+lAQ EKG _ Before Renovation (36th Floor May2005)

100% 80% 60% 40% 20% 0% 20% 40% 60% 0% 100%

Temperature in work area

COPE on-
site satisf.

Overall air quality in work area

Air movement in work area

CBE on-line
satisfaction

Temperature in workspace

Air quality in workspace:

Temperature at 4 feet
Temperature at 2 feet
Temperature at floor level

Horizontal radiant temp. difference

NEAT spot
measures Vvs.
code

Vertical radiant temp. difference:
Relative humidity
CO2 concentration

CO concentration

Temperaturs & relative humidity
Small & large parficulates Ai rqu |ty
24hr vs. std

CO2&CO
™oC

| “tattletales”

Significant changes in TABS / Expert judgement of quality (1 to 7 related to thermal comfort)
1 2 3 4 5 6 7

Good diffuser alignment
but high panels, cluttered

TABS
attributes

Fan coils at perimeter provide
local control, 2-3 shared

Core closed conference rooms!
offices: sensars only

Some dedicated spaces
no exhaust for copy/kitchen

Complaints of dust
aging materials

CHICAGO Thermal EKG _ After Renovation (33rd & 36th Floors Nov2006)

100% 80% 60% 40% 20% 0% 20% 40% 60% B0% 100%

Temperature in work area
COPE On-site

Short-term Survey
(% dissatisfied/satisfied)

Overall air quality in work area

Air movement in work area

CEE Online

Long-term Survey
(% dissatisfied/satisfied)

Temperature in workspace

Air quality in workspace

Temperature at 4 feet

Temperature at 2 feet

Temperature at floor level

NEAT spot measurement

Harizontal radiant temp. difference: (% out ofiwithin standards)

Vertical radiant temp. difference:
Relative humidity

CO?2 concentration

€O concentration
1
|
Temperature & relative humidity
| NEAT continuous
| measurement
(% of occupied time
| out ofiwithin standards)

Small & large particulates
cozaco
TvOC

Fam ! NEAT/CBE max
: Environmental Indicators
(% of workstations)

Heaters

Sweaters.

Significant changes in TABS /| Expert judgement of quality (1 to 7 related to thermal comfort)
1 2 3 4 5 6 7

Good diffuser alignment ]
low panels, no clutter

Furniture blockage of fan coil air
continuous degradation of controls

Temperature control upidown only
no readings

Dedicated exhaust for copy/kitchen
in closed rooms

New, low VOC materials
no degradation
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Energy Services
Security
Reliability
Quality
Effectiveness

THEATER
Stage set
Flexibility
Distributed =l PLATFORM
Energy Generation Air/ Water

and Supply Heating/Cooling

PVD

(power, voice,
data, video)
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Flexibility

p——

Platform >
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EXI4TING SERVICE UTILITY CONCEYPT OF GRID 3 NoDES

1D ZoNES
NO NepES

Lor oe NEWHE0 HG
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air supply
power

voice/data

) ) ) backbone to mechanical
Under-floor Infrastructure distribution room satellite closet
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Intelligent Workplace at Carnegie Mellon University, built in 1997

\
\\

I
I

TITEERTRR AR s
] 2 5 iy
- Rk '----\ 3
i AR TS o
HE A e 'Jn '-,:.'nl e AR
ARESG AR 3
Ll . AL ., L,
. AAUERERN ] "_\'- 4
EREARAREAARAN s AR
i ARG
K1 e VAL | TR
1 L RERRAA
R el T e
“ a o §
. ;

Center for Building Performance and Diagnostics, a NSF/IUCRC, and ABSIC at Carnegie Mellon




TAGESLICHTLENKSYSTEME - RETRO Lux

RETRO Lux O RETRO Lux U

4
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Funktionen der Lichtlenkung bei Horizontalpositionierung Funktionen der Lichtlenkung bei Horizontalpositionierung
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IW Average Lighting
Energy Flow

14

e
[
e
e

; i Typical office

10

kW

e

0 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17 18 19 20 21 22 23

[ e
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Sebastian Peters, CBPD Intern from Technical University Munich, Germany
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Figure 2: U.S. commercial sector carbon emissions by end-use
1990 (million metric tonnes of carbon)
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What happens if China and India
achieve our level?
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Building programs can reduce USA CO,
emissions and export technology
to China and India
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CO2 Emissions (Tons) per $1
million GDP

China 781 (Trade Surplus with USA $250 Billion)
USA 171 (Trade deficit $750 billion)
Germany 86 (Trade Surplus $250 Billion)
Japan 80
France 50

Source: World Bank 2006
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CHINA 2006
Imports more
than 1 billion
barrels of
Oilfyear

{(6x more than 10 years

ago)

US OIL
Consumption
19.6 million

barrels per day
6.6 billion/year

Source: EIA

Source: National Geographic,
pl172-173, May 2008

Chinas oil importation needs from 1996 — 2006.
Note, oil imports from Saudi Arabia increased 100x Until 2006 and DOUBLED from 2006-2009!

Europe / Asia 136.8 (12.9 % of China's oil imports)

Middie East 4709 (44.2%)

Latin America 308 (2.9%)

Africa 310.8 (29.2%)

Other Countries 115.1 (10.8%)

TOTAL

Millions of barrels 165.9

2006

TOTAL
Millions of barrels 1,064.6
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Ministry of Science
and Technology - MOST
Beijing, China

a, hekd in Beijing in March 2005.

Design Concepts and Systems Integrators
Center for Bullding Performance and Diagnostics
Vorker Hartkopl

Tsinghua University
Low-Energy Demo Building
Beijing, China
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US-China are key to international
agreement on climate change

U.s.
House passed American Clean Energy & Security Act in June

Senate released Clean Energy Jobs and American Power Act in Oct
Obama to visit China on Nov 16-18

Hill briefing on Nov 17, sponscred by the Senate Foreign Relations
Committee

China

President Hu Jintao announced to cut carbon intensity by a notable
margin

Increase its renewable energy share in its energy portfolio

Installed
capacity by
2008

2020 target
set in 2007

2020 target
revised in
May 2009

Proposed
new 2020
target

12.17 gW

30 gW

100 gW

150 gW

140 mW

1.8 gW

10 gW+

20 gW

Source: Kevin Mo, NRDC
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Global Network of Universities

* Proposal to create a global network of
best practices at universities and
communities to be supported by (prior
recommendations slide..)

— Who In the Singaporean Government could
become interested In this idea?

Center for Building Performance and Diagnostics, a NSF/IUCRC, and ABSIC at Carnegie Mellon






	Systems Integration for High Performance Buildings�Communities, Urbanities, Regions 
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Gasoline Use per Capita �versus Population Density
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Urban/Neighborhood/Building Levels Interconnected Energy, Water, Air and Soil Harvesting-Closing the Cycles
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Annual Site/Primary Energy Consumption in Office Buildings
	Slide Number 43
	Slide Number 44
	Building As Power Plant (BAPP)
	Innovative Energy Systems�Ascending-Descending Strategy
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	IW Average Lighting Energy Flow
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	CO2 Emissions (Tons) per $1 million GDP
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Global Network of Universities 
	Slide Number 94

