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The Building Sector’s CO, Mitigating Potential for 2030
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Establishing the Benchmark?

Is 10 MPG high or low
for an Automobile? MPG

Fuel Efficiency
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Fig 1: CO, emission per capita
Source: World resources institute

Fig 2: CO, emission per country

Why should we establish CO, Benchmarks?

» Because everyone is doing it (EU Directive, 2030).

« Energy standards are beginning to use CO, as a metric
(GBI/ANSI & ASHRAE 189P).

« California’s AB32 the Country’s most progressive Global
Warming legislation (Title 24 is moving toward CO,).

« Congress is presently considering Global Warming
legislation (most likely some form Carbon Cap & Trade
system will emerge). Since buildings are a big part of
the problem they will undoubtedly be included.

What is a comparable metric to MPG for a building?

It is called Energy Use Intensity (EUI)

It is measured in kBtu/sf/yr or kWh/sf/yr
for Sl units it is in KWh/m?2/yr




What would be a good EUI?

Is 80 kBtu/sf/yr high or low
for an Office Building?
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Where to Draw the Boundary?

Is it at the property line of the building?
What features do we include?

» Water use? .
* Supplied servid s
* etc.

¥ N

Energy — The Obvious Big Item

Site versus Source Emissions
Source

Site

On-site combustion
Electricity used on-site,
but is generated elsewhere

Where to draw boundary here?

Energy Consumption — Emissions Factors

Quiz
For every 1 kWh of electricity consumed,
what is the average resulting CO,

. - . Building Project COze kg/kWh
emissions from this? Energy Source (Ibkwh)
1
A' /2 Ib Of COZ? Grid delivered 0.758 (1.670)
2 electricity
B. 1.0 Ib of C02 * LPG or propane 0.274 (0.602)
c- 2-0 Ib Of coz? Fuel oil (residual) 0.312 (0.686)
3, Fuel oil (distillate) 0.279 (0.614)
D. Don’t have a clue? Coal (except lignite) ~ 0.373 (0.822)
Coal (lignite) 0,583 (1.287)
Gasoline 0.309 (0.681)
Natural gas 0.232 (0510)

from: ASHRAE 189.1

What Do These Features Mean?

Each feature contributes

+ Building energy — The one real obvious one

* Transportation? — Indirectly; owner occupied?
- Transportation Management Plan

« Source or site? — Full accounting = source

* Embodied energy? — Energy expended to build

» Water use? — both at direct and indirect, eg., water
used in energy generation

* Supplied services? — But these are 3rd parties?!

« etc. — Materials purchase, cleaning,

Energy Consumption — Emissions Factors

Quiz
For every 1 kWh of electricity consumed,
what is the average resulting CO,
emissions from this?

A. "2 1b of CO,?

B. 1.0 Ib of CO,?

C. 2.0 Ib of CO,?

D. Don’t have a clue?
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The EPA than Developed a Web-based
Building Benchmarking Tool for New
Buildings called Energy Star Target Finder

www.energystar.gov/index.cfm?c=new_bldg_design.bus_target finder

.
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or just Google: Target Finder
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First Step: For Existing Buildings
Compile Energy Consumption

Utility Meter for Existing Buildings

Electricity Meter #3
AccountID129  Location Main Library Annex PPD 62000
Account Number 30-872-086 Building 0054

Billing Period Days kWh per Day Peak kW Amount Cost per Day
FY 2006

6/30/05 - 7/27/05 27 352,000 13,037 680  $17,600 $651.85
7/27/05 - 8/30/05 34 380,000 11,176 720  $19,000  $558.82
8/30/05 - 9/28/05 29 373200 12,869 720 $18,660  $643.45
9/28/05 - 10/28/05 30 296,000 9,867 640 $14,800  $493.33
10/28/05 - 11/29/05 32 336,000 10,500 600  $16,800  $525.00
11/29/05 - 1/3/06 35 283600 8103 880  $14,180 $405.14
1/3/06 - 1/30/06 271,600 10,059 680 $13,580  $502.96
1/30/06 - 2/28/06 29 284,000 9,793 720  $14,200 $489.66
2/28/06 - 3/30/06 30 322,800 10,760 680  $16,140  $538.00
3/30/06 - 4/27/06 28 318,000 11,357 680 $15,900  $567.86
4/27/06 - 5/30/06 33 348,400 10,558 640 $17,420  $527.88
5/30/06 - 6/13/06 14 140,800 10,057 600 $7,040  $502.86
Total 3,706,400 10,651 $185,320  $532.53
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Other Stuff (cont’d)

e Embodied energy (still developing)

Envelope
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The EPA Modified the CBECS database

|

The rating system
overlays a 1 to 100 scale
over national census data,
which gives relative
meaning to energy use

GBI/ANSI uses
50% of the U.S.
average ~92 scale
to start rating

1 Number of Buildings
Average U.S. Building

1 Enwergy Performance Rating

25

!-Highest_-—__Buildlng Energy Use J—| Lowest!

Did you Forget About...?

« Transportation

« Water usage
From one major city: 2.31 Ib CO2 per
1,000 gallons potable water provided
(not counting sewage)

« Embodied energy

GBI/ANSI CO, Calculation Approach

Energy Star Target Finder

Generates an EUI for your design based on
normalizes energy consumption of the entire
national building stock, using:

* Local weather data

* Space type

* Hours of operation

» Occupant density

* Internal load




ENERGY STAR [ et T rsesnest e e JE Pon rin

S -

ionissa Rain
ousen i Target Finder
Waragmeni

Targe Fincer can heig U 8t TRRAC
gy seriarmance gaals ana recei 3

g n &
DELQA [HUped3 B M 8 BurAg
S ey

DR S e
s
Actn A T

Tt Frr - EPA.
=

L
[

s Comenn
It's Easy to Establish Energy Goals
EFA 13048 03 rR30aP 100 MHE i INOOrRE 3 i

Target Energy Performance Results
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An Average Phoenix Office Building today uses 73.4 kBtu/sqlyr

GBI/ANSI CO, Benchmarking Calculation

For Electricity

:92 x 36.7 kBtu/sflyr =9.89 kWh/sflyr x 1.610 lbs/kWh = 15.92 Ibs/sflyr
3.414 kBtu/kWh
For Natural Gas

.08 x 36.7 kBtu/sf/yr = 0.86 kWh/sfl/yr x 0.406 lbs/kWh = 0.35 Ibs/sflyr
3.414 kBtu/kWh
16.27 Ibs/sflyr

16.27 Ibs/sflyr x 100,000 sf_= 1,627,000 lbs of CO,

or 814 tons of CO,
(Average Phoenix Building used 1628 tons of CO,)
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eQUEST Modeling for Proposed Building

Annual Energy Consumption by Enduse

Electricity  Matural Gas. Steam Ohiledd Weater
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GBI/ANSI CO, -- For Proposed Building

For Electricity

9.518 kWh/sflyr x 1.610 Ibs/kWh =15.32 lbs/sflyr

For Natural Gas

1.926 kBtu/sflyr = 0.564 kWh/sflyr x 0.406 lbs/kWh = 0. 23 Ibs/sflyr
3.414 kBtu/kWh T
15.55 Ibs/sflyr
15.55 Ibs/sflyr x 100,000 sf_= 1,555,000 Ibs of CO,

or 778 tons of CO,

GBI/ANSI CO, — Add Renewables

Let us assume that 25% of this buildings electricity can be supplied by
On-Site Photovoltaics

Let us assume that another 25% of this buildings electricity can be
supplied by the purchase of Green Tags or REC

How much more CO, can be reduced?

— Add Renewables

GBI/ANSI CO,

Grid Displaced Electricity (On-Site Photovoltaics)
.25 x 9.518 kWh/sflyr x -1.934 lbs/kWh =-4.60 Ibs/sflyr

Off-Site Renewable Electricity (Purchase of Green Tags)
.25 x 9.518 kWh/sf/yr x -1.610 Ibs/kWh = - 3.83 Ibs/sflyr
7.12 lbs/sflyr

GBI/ANSI CO, -- Final Calculation

7.12 Ibs/sflyr x 100,000 sf = 712,000 Ibs of CO,
or 356 tons of CO,

A 458 ton or a 56% reduction in CO,

Remember:
An Average Phoenix Office Building uses today 1,628 tons of CO,

A 1272 ton or a 78% reduction in CO,

GBI/ANSI CO, Point Distribution

Maximum Points = 250 Points

CO, Reduction Points
o 50% 25
o 55% 50
o 60% 75
o0 65% 100
o 70% 125
o 75% 150
o 80% 175
o 85% 200
o 90% 225

0+95% 250




ASHRAE 189P CO, Calculation Approach

ASHRAE Appendlx G (D in 189P)

Energy Modeling

Building Creation Wizard

Energy Efficiency
Measure Wizard

Graphical Results
Display

eQUEST Modeling for Benchmark Building

Annual Energy Consumption by Enduse
Electricity  Matural Gas. Steam Ohiledd Weater
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SPC 189 COZe Calculation for Benchmarking

For Electricity
9.518 kWh/sflyr x 1.76 Ibs/kWh =16.75 lbs/sflyr

For Natural Gas

1.926 kBtu/sflyr = 0.564 kWh/sflyr x 0.406 lbs/kWh = 0.23 lbs/sflyr
3.414 kBtu/kWh
16.98 Ibs/sflyr
16.98 Ibs/sflyr x 100,000 sf_= 1,698,000 Ibs of CO,

or 849 tons of CO,




eQUEST Modeling for Proposed Building

Annual Energy Consumption by Enduse
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SPC 189 CO,e Calculation for Proposed

For Electricity

9.339 kWh/sflyr x 1.76 Ibs/lkWh = 16.44 lbs/sflyr

For Natural Gas

1.885 kBtu/sflyr = 0.552 kWh/sf/yr x 0.406 lbs/kWh = 0.22 Ibs/sflyr
3.414 kBtu/kWh

16.66 Ibs/sflyr
16.66 Ibs/sf/yr x 100,000 sf_= 1,666,000 Ibs of CO,
or 833 tons of CO,

SPC 189 CO,e — Final Test

Proposed Building less then Benchmark Building

16.44 lbs-CO,/sflyr less then 16.98 Ibs-CO,/sflyr Building Passes

A
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Example Building

21,000 square foot office building

Located in Washington D.C. (ASHRAE Climate Zone 4A)

50 person occupancy

50 hours per week operation

Envelope performance, internal loads and HVAC efficiency are
dependent on the version of the code used

Target Finder

(=] negumen
Satect 8 gt g anci corapare e e Enrgy b o targen
1. Facitty Informason
"2y 0o Fincity Nirvs | Sl Dhcs Buskiing
TR Waergrin, 0C ey =]

2. Faciiny Characierisics

"kt Space Trpe(a) e thin propect

[Bpace Typs] =

"Chomrta the Searge Langet ard semec! Viww Farmalts 15 ey 31ttt smergy van b the Laget




Target Energy Performance Results The design mist achieve a ratng of 75 or
Pagha 15 be elasbles bor “Desigend 10 Eam
the ENERGY STAR" View Statement of
Enaegy Dusign Inbent s progect
summary

e e T i) bl

Matural Gas. The Target K150 108 enargy waw e this
facilty are caloulated based on the typscal fusl mox in the
£ip code specibed

Target Enargy Parformancs Results jestimatod)

Eneigy Top 0%

£n 100 %0

Enargy Raduction (%) “®

Seurce Eneegy Use inteasity (:EbaSa. FLAT 075

5 etansty (PSP i IED

Total Aooual Source Eney. 8 WA |2essoms  |22ees258
A T00 402 7 TER092 9

Total Aousl Evergy Cost (51 WA [sume 51

Energy Modeling

Which Wirard?t

eQUEST

Building Creation Wizard

Energy Efficiency
Measure Wizard

Graphical Results
Display

EUI for Small Office Building - Climate Zone 4A

Scenario Gas | Electric | Renewables | Total
Ave. 13.98 | 52.62 0 66.60
CBECS
BEPS- 21.84 | 26.68 0 48.52
1980
50% 6.99 | 26.31 0 33.30
CBECS
90.1-2007 | 4.46 | 36.62 0 41.08
189.1 6.40 | 27.76 -0.33 33.83

Units : EUI (kBu/ft?-yr)

Building Improvement Strategies

« 25% of the electricity usage can be supplied by solar

« Solar thermal can supply all space and DHW needs

« Advanced daylighting strategies

+ Advanced lighting and control strategies

« Advanced HVAC equipment

« Radiant heating and cooling

« On-site generation of all electricity

« Combined the best of the above scenarios (the red strategies)

CUI for Small Office Building - Climate Zone 4A

Scenario Gas | Electric | Renewables | Total
Ave. 1.63 24.20 0 25.83
CBECS
BEPS-1980 | 2.56 12.28 0 14.84
50% 0.82 | 12.10 0 12.92
CBECS
90.1-2007 | 0.52 | 16.84 0 17.36
189.1 0.75 12.77 -0.15 13.37

Units: CUI (Ibs-CO,/fte-yr)

CUI for Small Office Building - Climate Zone 4A

Scenario Gas Electric Renewables Total
= = -
) [ 2 e )
25% Solar Electric! 075 1277 333 1019
Solar Thermal Heating? 075 1277 0.5E 1296
0.41T
Daylighting® 079 1208 2947 993
LED lighting & Controls 079 1093 -045€ 1157
Advanced HVAC 071 1248 0.15E 13.04
Radiant Heating & 038 1104 0.15E 121
Cooling*
On-site Generation 660 o o 660
Combination 079 1035 333 446
Scenarios'a34 3357

Units: CUI (1bs-CO,1-y1)
€ = Solar Electric
T = Solar Thermal




ASU’s Current Campus Energy Information System

ARIFONA STATE Energy Information System
LINIVERSITY

TEMPE CAMPUS
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Typical Campus Building Profile

AREANA STATE Energy Information System
UNIVERSITY Suilding Monitoring
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Where We Want To Go — Campus Dashboard
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Conclusion

« Numerous similarities between the European work, GBI/ANSI and
ASHRAE 189P (use very similar emission factors).

+ GBI/ANSI tracks Architecture 2030 very well.

« Renewables will play an important role in moving a building toward carbon
neutrality.

* The CO, calculation eliminate the site vs. source problem, by being site
energy converting to source CO,,.

« Unlike ASHRAE 189P, GBI/ANSI does not use Appendix G but rather CBEC’s
for benchmarking which makes it an easier calculation.

* Because it is a pass/fail test, ASHRAE 189P does not allow for fuel switching.

« Both of these procedures will get designers thinking about carbon and prepare
them for some type of Carbon Cap and Trade System.

Carbon Neutral Buildings can be Accomplished

DOE/EIA CBECS Trend with 85% CI
(June 2006)
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Thank You

For more Information Contact:
harvey.bryan@asu.edu
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