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Robust Systems and Strategy

We are a research and development consultancy
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Potential Energy Savings in Buildings is 25% of Global Energy Usage.
Today, Transport Energy Totals 26% of Global Energy Usage.

Source: IEA “Worldwide Trends in Energy Use and Efficiency”, (2008)



The Goal — Carbon Stabilization

Business as Usual
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Distributed generation in buildings is within the power sector.
Overall there is a 75% reduction needed by buildings.
What is it going to take?



100 MPG X-Prize Z2 Net Zero Energy Building

“Mainstream” Winner - Generates as much energy
- seats 4 people as it consumes
- 4 wheel - Geothermal heating/cooling
- 200 mile range - Natural lighting

- Photovoltaics



Transforming the way buildings are
designed, built and used

Focus on energy

Business perspective

Communicate research findings openly
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We are pleased to present the first year's report of
the Energy Bfficiency in Buildings project of the
World Business Coundil for Sustsinable
Development. Ten companies headq uarterad in six
countries have investigated and synthesized an
exceptional data set reflecting more than 100
bilion square meters of building floor space and
two-thirds of world energy demand. The result is a
sgnificantly more detailed view of the current tate
o energy demand in the buil ding sector than has
previously been compiled. iImportantly, it
concludes that all participants can immedistely
drive down world energy demand and reduce
carbon emissions using technologies and
knowledge available today.

Work over the next year will focus on * zero net
energy” building designs and applying these to the
world buildings data set. The goal is the first
quantitative look ever at what may be

accomp lished ically to redy qy
demand and CO2 emissions in buildings over the
next twio decades. We expect a persuative result.

In the third and final phase dof the project we will
commit to actions that will move the building
industry towards 2ro net energy buikdings and

i invite others worldwide to join in the effort. We

RN  hope our work inspires a global discussion and
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ultimately a profound change in the way buildings

are desgned and constructed.
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The goal is the first
guantitative look
ever at what may be
accomplished
economically to
reduce energy
demand and CO , ...

A% We expect a
e persuasive result.



“EEB Transforming
the Market” Report

NG & DAY

Qualitative & Quantitative
Assessments &

“Facts & Trends” Recommendations
Report e, .
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DEDICATED TO MAKING A DIFFERENCE [TWh and mtCO,2q.]

mmmmm

Energy Efficiency in Buildings §.§ 00,000,000

Business realities and opportunities ’ 100900900
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German Building
Energy Ratings

US Average Office Energy Efficient Buildings: < 100 kWhr/m 2
> 600 kWhr/m 2
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Technologies rely on interactions with the available climate — envelope, ground, air, solar.

Natural Ventilation

Self Shading

Slab
e

loor Cooling

L R

Ground Source
Cooling



1M ft2, 75 kWhr/m?2

Natural lighting

No Fans or Ducts
Slab Cooling L
Facade Preheat & ni
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| Manitoba Hydro

8 Winnipeg Canada

0.7M ft2, 90 kWhr/m?|

Natural lighting

No Fans or Ducts

Slab Cooling

Facade Preheat & night cool
Solar tower exhaust
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40k ft2, 35 kWhr/m?

Humidity Isolation
Natural lighting

Self shading

PCM & Slab Cooling
Facade Double glazing
Photovoltaics
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__ == Systainable Technology Center
' Ningbo China

13k ft2, <100 kWhr/m?2

Natural lighting

Self shading

Geothermal Slab Cooling
Facade Double glazing
Photovoltaics onsite
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WBCSD Energy Efficiency In

Buildings Project

What will it take to transform the building
sector to achieve a 75% reduction?

Low energy consumption building exist in all climate for all uses

What will persuade building owners and stakeholders?

Industry actions?
Cap and trade?
Building codes?
Voluntary programs?

16




Two Problems

The buildings cost more

The buildings are complicated

17



Global Carbon Abatement Costs

Most studies consider cost to society

Source: International Energy Agency,
ETP 2008 18



Incomplete Answers

Most studies consider cost to society

Residential
Envelope

Residential Retrofits

; Commercial Commercial
t
$/ton CO, Electronics CHP

. Soman Net Negative Cost
Abatement Options

it Residential
it

0
04 06 1.0 12 1.I otential I ?
K 14 b =] ol Will they be adopted:
-30- At what cost?
| " e hori
. ' Over what time horizon?
| [ s How do they interact?
. ) nvelope New . .
0 Fesdentel - Constcton Resulting impact?
Commercial Construction . ..
LED Lighting | How to incentivize?
Gomemd cn

Source: McKinsey, Dec. 2007; Reducing US Greenhouse Gas
Emissions: How much and at what cost?
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Who Pays and Who Decides

Capital investments

Energy cost benefits

20



Quantify the Impact of Decisions

Macroeconomic Stakeholder Energy
and Policy Decisions on Building Stock Consumption and
Decision Capital Changes Carbon Emission

)

21



WBCSD Modeling

Goal: Model building sector purchasing response to stimul us & carbon impact
Leverages existing energy analysis capabilities

10 person-years of development

1-2 Million spreadsheet cells

20,000 formula 22



Submarkets Modeled

Residential
— France single family
— US Southeast single family
— Japan single family
— China Beijing Multifamily
— Swedish Multifamily
Office
— Japan Kanto Midsized ° °
— US Northeast Large ° °

Retalil
— US Supermarkets
— Brazil Shopping Center

23



Construction Alternatives

Homes, US, Warm,
High CO, Grid

A

Set of
hundreds of
construction
alternatives

for a
building type

24



Energy Performance Assessments

Whole building energy simulation of each alternative
Synergy effects of load reductions on HVAC
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Cost Difference Analysis

Skanska cost estimates for all alternatives based in Seattle WA

Regional Capital and Labor cost multipliers used to transfer these costs
to all other submarkets
References:

— RS Means Construction
Cost Data 2008

— RS Means Green Building:
Planning and Cost
Estimating 2008

— Skanska data 2008
— Lee Saylor Estimating 2008

26



Decision Making Criteria Calculation

Costs

- First Costs For each building alternative
-Equmc_ant o . .
* Installation Evaluate all decision criteria

» Commissioning

(YO ting Cost . .
" Maintenance Economic and Non-Economic
* Re-commissioning .
« Net energy purchases — First Costs

* Carbon taxes

— Operating Costs and Benefits
Value Enhancement

« Building Value — Non-Financial Measures

* Rent

« Productivity Comparisons vs Baseline
. Ith .
. Sales margin (retail) — Break even time

* Inventory preservation (retail)

— NPV for a time horizon
Non-Financial Criteria

. . — Non-Financial criteria improvement
. Ind(_)or__EnvwonmentaI Quality .
" Reliability — Value enhancement improvement

» Ease of installation & use
» Appearance

* Energy and Atmosphere
* Materials and resources

27



Multi-Stakeholder Decision Simulation

Virtual simulation of decision

— Criteria, weights, filter levels

Utility function of decision maker
Constraint limits from other stakeholders

Decision Other Ranking of all
Maker Stakeholders 9 :
. o Alternatives
Rankings Filtering
Decision Maker Stakeholder(s)
Weights Thresholds
U= wf (X f.(X)EF
28



Macro-Economic Influences

Exogenous Variables Policy Environment
» Energy prices » Codes and standards
* Emission factors » Rebates and incentives
» Growth rates * Energy and carbon taxes

» Market information
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Micro-Economics Ratings

Decision Factors

Costs

* First Costs
* Equipment
* Installation
» Commissioning
» Operating Costs
* Maintenance
* Re-commissioning
* Net energy purchases
» Carbon taxes

Value Enhancement

* Building Value

* Rent

* Productivity

* Health

» Sales margin (retail)

* Inventory preservation (retail)

Non-Financial Criteria

* Indoor Environmental Quality
* Reliability

» Ease of installation & use

* Appearance

» Energy and Atmosphere

* Materials and resources

Decision Structure

Policy Environment

 Factors considered
 Factor weights/thresholds
» Evaluation horizon

* Interest rate

» Codes and standards

» Rebates and incentives

* Energy and carbon taxes
» Market information

l
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4

1

* Energy prices
* Emission factors
* Growth rates

Exogenous Variables

Overall

Rating of all
Construction
Alternatives

(0-100%)
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Building Stock Calculation

For any given year, convert utility ranks of each
alternative into share of building stock changes

Demolished Stock

Refurbished Stock

New Construction Stock

New additions to
building stock
modeled according
to rankings of
alternatives

Share =%Rank: New Stock

31



Adoption Diffusion Model

Alternatives with new technologies will not be
adopted at levels indicated by economics

It will be less, due to market adoption dynamics
— Market awareness communication
— Market attractiveness to performance vs risk

New technology alternatives
are decremented

per a rolling Bass

adoption model

100
80
60

40
Share(t,) = %Rank> New Stock

Share(t,s) = Sh(t)

+  (Sh(t)-Sh(t)) p 5 10 15 20 25 30
+  (Sh(t)/Sh(t,)(Sh(t,)-Sh(t)) Time

Percent of Final Volume

20
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Summed Segment Climate Impact

Revised stock levels summed for site energy

Local market distribution efficiency coefficients
used to convert to primary energy

Local market carbon coefficients used to covert
to carbon emission levels

Primary Energy &
Carbon Emissions Site Energy

33



WBCSD Model Architecture

Initialize with
reference case

Output
lterate year Carbon, Energy,
after year Market Value,
Policy Value

Construction Option
Data

Cost Model
Cost Model &

Projection

Output




Construction Alternatives

<€

Building Stock Adoption

Building stock levels are an outcome based on
simulated capital investment decisions

2010 2050

Class 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

1 Ref1 Good Insul, Elec. Heat, Central Air, Elec cook, ElecH20,Tree 726.531 573.768 647.555 618.827
2 Ref2 Good Insul, Heat pump, Elec cook, ElecH20,No Tree 401.045 394.398 373.809 355.884 313.636 261.282 192.318 151.882 171.416 163.813
3 Ref3 Good Insul, Gas Heat, Central Air, Elec cook, BecH20,Tree, 10% less 712.965 701.150 664.546 502.484 356.818 227.394 83.720 0.000 0.000 0.000
4 Ref4 Good Insul, Gas Heat, Central Air, Elec cook, GasH20,Tree 891.210 876.441 830.684 628.106 446.021 284.242 104.650 0.000 0.000 0.000
5 Ref5 Okay Insul, Gas Heat, Room units, Gas cook, BecH20,Tree, 10% lest 534.725 525.866 498.409 474.510 418.177 348.371 256.421 202.508 228.553 218.415
10 Ref1 + Imp Wall & Roof Insulation 0.000 5269 12.851 24.355 37.268 50.189  64.359  75.027 74.782  80.665
11 Ref1 + Super Wall & Roof Insulation 0.000 5.307 12.959 24.571 37.600 50.631 64.900 75.634 75.318 81.224
12 Ref1 + Improved Window U-Value 0.000 5.281 12.875 24.398 37.332 50.276 64.477 75.170 74.947 80.848
13 Ref1 + Improved Window Glazing 0.000 5.129 12.499 23.682 36.234 48.789 62.553 72.911 72.682 78.376

0.000 5.407 13.185 24.986 38.237 51.502 66.061 77.033 76.812 82.882
0.000 5.236 12.813 24.316 37.248 50.201 64.436 75.149 74.936 80.849
0.000 5.120 12.544 23.894 36.670 49.482 63.594 74.227 74.033 79.886
0.000 5.374 13.116 24.866 38.058 51.266 65.755 76.675 76.423 82.466
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 5.290 12.902 24.452 37.416 50.388 64.613 75.321 75.076 80.982
0.000 5.290 12.902 24.455 37.425 50.408 64.651 75.380 75.148 81.076
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 5.241 12.780 24.220 37.060 49.910 64.004 74.614 74.380 80.233
0.000 5.244 12.790 24.245 37.111 49.994 64.138 74.803 74.591 80.500
0.000 5.193 12.686 24.097 36.920 49.764 63.879 74.511 74.297 80.157
0.000 5.003 12.222 23.203 35.562 47.962 61.607 71.916 71.744 77.465

14 Refl + CFL Lighting

15 Ref1 + LED Lighting

16 Ref1 + High Efficiency Large Appliances

17 Ref1 + Improved Space Heating

18 Ref1 + GTHP Space Heating (Geothermal Heat Pump)
19 Ref1 + Improved Cooling

20 Ref1 + High Efficiency Cooling

21 Refl + GTHP Space Cooling (Geothermal Heat Pump)
22 Refl + HEHW (High Eff Water HEating)

23 Refl + CO2 HPHW (Water Heating)

24 Ref1 + Inductive Heat Cooking

25 Ref1 + Solar Thermal

26 Refl + Imp Env (Improved Envelope) 0.000 5.262 12.833 24.322 37.215 50.115 64.259 74.904 74.653 80.518
27 Refl + Super Env (Envelope) CcD 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
28 Refl + Imp HVAC (Improved Space Heating & Cooling) 0.000 5.451 13.305 25.224 38.607 52.003 66.697 77.769 77.506 83.632
29 Refl + HE HVAC (High Efficiency Space Heating & Cooling) 0.000 5.340 13.034 24.713 37.832 50.971 65.397 76.278 76.047 82.084
30 Refl + GTHP HVAC 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
31 Refl +Int Loads (HE Appliances & Cooking) 0.000 4.983 12.345 23.792 36.758 49.832 64.370 75.350 75.255 81.287
32 Refl + Imp Env + Int Loads + CFL 0.000 0.000 4.642 12.552 23.308 36.226 54.242 67.946 78.501 79.051
33 Refl + Imp Env + Int Loads + CFL + HEHW 0.000 0.000 4.667 12.619 23.432 36.417 54.527 68.305 78.915 79.465
34 Refl + Imp Env + Int Loads + CFL + CO2 HPHW 0.000 0.000 4.672 12.636 23.469 36.485 54.646 68.479 79.146 79.720

35



Technology Adoption Graphs

Adoption of construction options and technologies
IS an outcome 2010 2050

Fenestration

Wall Insulation
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Site Energy Consumption (KWhr/yr)

Billions

Energy and Carbon
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Net Carbon Emmissions (tCO2/yr)

s Small Plug Loads

mmmm | arge Plug Loads

mmmm \Water Heating

s Cooking

mmmm | jghting Equipment

mmmm \/entilation Equipment &
Distribution

mmmm Dedicated Dehumidification

mmmm Space Cooling Equipment &

Distribution

mmmm Space Heating Equipment &
Distribution

e Segment Emmissions
(tCO2/yr)
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How do you validate a large model?

Compare with current condition
calculations

Verify model components

— Current costs and cost scaling factors
— Current levels of consumption

— Current emissions

— Current decision making coefficients

Otherwise, consider “what — Ifs”

38



Decision Calculated Adoption

Under current macroeconomic conditions, does the
computed decision selections match current build stock?

Primary Energy Intensity (kWhr/m?)

First Cost ($1000)

Construction
Alternative

Calculated to be
Adopted in 2005

Data — Current
Stock in 2005

39



Projection Agreement

US SE Single Family Residential

US EIA: +48% CO, by 2030

AO: +41% CO, by 2030

300 120

Billio
Millio

) / o
200 / - 80

150 - 60

100 - - 40

{oa)
o
1

- 20

Site Energy Consumption (kWhr/yr)
Net Carbon Emmissions (tCO2/yr)

0 - -0
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
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Behavior has additional impact

Operational behavior, including maintenance, can impact total
energy usage by + 30% to 50%

Higher efficiency buildings more sensitive to operational parameters

41



Currently Discussed Policies

French Single Family Japan Offices

Homes

g 700 Ng g 1 X g’i
- Biomass

. FuelOil Baseline Carbon Emissions
Bl Natwral Gas Scenario Carbon Emissions
- Electricity
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$300/ton Carbon Price

French Single Family Japan Offices
Homes

§ 700 80 ;; g 1 ~— 14 ;;
c 70 8 _5 8
g- . 60 g E_ g
2 .

£ 300

- Biomass

. FuelQil Baseline Carbon Emissions
Bl Natral Gas Scenario Carbon Emissions
- Electricity
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5X Energy Price

French Single Family Japan Offices
Homes
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5X Energy Price with only Current

and NZEB as alternatives

French Single Family Japan Offices

Homes

. 800 _— % _ 16 \\

g 700 = E 14 —_
- Biomass

. FuelOil Baseline Carbon Emissions
Bl Natwral Gas Scenario Carbon Emissions
- Electricity
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Incentives only Given to Class A & B

Buildings

French Single Family Japan Offices
Homes
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46



Whole Building Codes & Incentives,

$30/ton Carbon Price

French Single Family Japan Offices

Homes

— B N
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- Biomass

. FuelOil Baseline Carbon Emissions
Bl Natwral Gas Scenario Carbon Emissions
- Electricity
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Estimated Cost of Transformation US

Auto Safety
Regulations
2% First Cost Premium

Incremental Investment to

- CO2 Emission Reductions Achieve Reduction

100% $200
e 0% - $175 3
Q
2 80% g
Required Building g . - $150 5
Efficiency Investments 8 [ =1
3% Cost X 60% - $125 £
13% Total Investment c 3
2 50% L $100 @
@ ‘§’1
uEJ 40% L 75 =
=)
o 30% =
©) - $50 &
O 20% w
0% - $0
<5 year payback <10 year payback > 10 year payback
Building Fire Safety
Regulations
5% First Cost Premium
48

*reflects scale up of buildings contribution to IEA Blue Map scenario, 2050



Capacity: Workforce and Skills

2005 Reference: $12.0B market in 2005
$4.2B Contract labor
311, 900 home projects
Business as usual: $15.0B market in 2050
$5.3B Contract labor
. . 392,500 home projects
US-SE Single Family Transformation: $27.9B market in 2050

$8.1B Contracted labor
392,500 home projects

8.0
~~ 7.0 —
é /
o 6.0 e
2 ///
Col 5.0 Py
<q§ *0 //// ——CO02 Heat Pump Hot Water
E 3.0 Super Insulation
<
S 20 e —— Heat Pumps
=
8 10 / = Condensing Boilers
O-O T T T T T T T

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
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Recommendations
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Conclusions

Buildings are critical to carbon abatement

Carbon pricing alone will not impact the
building sector

Whole building policy measures are
necessary
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