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Learning Objectives

1. Provide the amount of energy consumed by buildings and cities

2. Provide a method to develop a customized building energy use baseline
estimation tool by using a data-driven approach

3. Describe how facade features could influence certain building energy use
in a specific climate condition and a particular building geometry

4. Demonstrate how district-scale energy retrofit analysis can be performed
using existing urban modeling tools

ASHRAE is a Registered Provider with The American Institute of Architects Continuing Education
Systems. Credit earned on completion of this program will be reported to ASHRAE Records for
AIA members. Certificates of Completion for non-AIA members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education. As such,
it does not include content that may be deemed or construed to be an approval or endorsement
by the AIA of any material of construction or any method or manner of handling, using,
distributing, or dealing in any material or product. Questions related to specific materials,
methods, and services will be addressed at the conclusion of this presentation.
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How to reduce 50% energy use in city

building stock?
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Buildings in cities consume 30%
to 70% of primary energy

Cities have different building
energy use profiles

The building sector has the most
potential to save energy
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Case Study — Northeast San Francisco

San Francisco mild climate: ASHRAE Climate Zone 3C
Monthly mean air temperature:

- Highest in September at 62.7 °F (17.1 °C)

- Lowest in January at 51.3 °F (10.7 °C)

Six planning districts in Northeast San Francisco
Downtown, Financial District, Chinatown,

Russian Hill, Nob Hill, & North Beach

Totally 8,665 buildings, 940 Case Study Buildings

Building Type Building Count Total Floor area

(103 m?)
Small office 173 148
Medium office 149 478
Large office 279 5,787
Small retail 291 148
Medium retail 48 89
Total 940 6,649




Creation of City Building Stock Dataset
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Automatic Generation of Urban Building
Energy Models
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Software Architecture of the Platform
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The Energy Modeling Tool
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Urban Building Energy Modeling Workflow
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Baseline Results — 940 Buildings

Building Type Building Count Total Floor area (103m2) Simulated site energy use (103 GJ)
Small office 173 148 99

Medium office 149 478 301
Large office 279 5,787 4,008
Small retail 291 148 156
Medium retail 48 89 91

Total 940 6,649 4,655
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Energy Conservation Measures (ECMs)

ID ECM Category ECM Name

ECM1 Lighting Replace existing lighting with LED upgrade (0.6W/sf)

ECM 2 Lighting - Controls Install daylighting sensors for interior lighting control

ECM 3 Lighting - Controls Install Wall-Mounted Occupancy Sensors

ECM 4  Plug Loads Use Plug Load Controller (30% efficient from Baseline)
ECM5 Envelope - Window Replace fixed-window to U-factor (0.25) and SHGC (0.18)
ECM 6 Envelope - Roof Reroof and Roof with Insulation (R24.83)

ECM 7  Service Hot Water Efficiency Upgrade of the Gas Storage Water Heater (0.93)
ECM 8 HVAC - Economizer Add Economizer

ECM9 HVAC-Operation Widen zone temperature deadband (cooling: +2 0F; heating: -2 0F)
ECM 10* HVAC - Cooling Replace constant speed pumps to variable speed pumps
ECM 11* HVAC - Cooling Replace to high efficiency chillers (COP: 6.2)

ECM 12* HVAC - Cooling Single zone rooftop unit efficiency upgrade (SEER 14)

ECM 13* HVAC - Cooling Packaged Rooftop VAV Unit Efficiency Upgrade (SEER 14)
ECM 14* HVAC - Heating Gas Furnace Efficiency Upgrade (AFUE 95)

ECM 15* HVAC - Heating Gas Boiler Efficiency Upgrade (AFUE 95)

*Note: The “HVAC — Cooling” and “HVAC — Heating” measures depend on building type and vintage.
E.g., ECMs 10 & 11 only apply to large office with center cooling plant; ECM 14 is used for small-sized office and retail buildings.



Individual ECM Results

Retrofit analysis results for individual ECMs

LED lighting | B a3
Plug load controller | —— 20
Occupancy sensor | b 43
Daylighting sensor | I 18
Temperature setpoint | m Large Office 0.0
Windows replacement 1l _ , . 67.3
B Medium Office
Cooling system upgrade il B 6.7
Add Economizer |mm @ Small Office
Heating system upgrade W Medium Retail e 1067
Service water heater upgrade | = Small Retail B 305
Reroof | P NA
0 10 20 30 0 50 100 150
Payback year (year)

Site energy saving percentage (%)



Retrofit Packages

Economical Retrofit Package Include ECMs with payback years less than 5.

Saving Payback

ID ECM Category (%) (years) ECM Name
ECM 1 Lighting 22.2 4.3  Replace existing lighting with LED upgrade (0.6W/sf)
ECM 4 Plug Loads 10.4 2.0  Use Plug Load Controller (30% efficient from Baseline)
ECM 3 Lighting - Controls 9.0 4.3  Install Wall-Mounted Occupancy Sensors
ECM 2 Lighting - Controls 5.6 1.8 Install daylighting sensors for interior lighting control
ECM 9 HVAC - Operation 3.6 0.0 Widen temperature deadband(cooling:+2°F;heating:-ZOF)
ECM 8 HVAC - Economizer 2.2 2.8  Add Economizer

Individual ECMs savings 53.0

add up

Include all ECMs except the Reroof

Deep Retrofit Package measure, as the Reroof measure don’t

have cost savings.



Economical Retrofit Package Results

Building Type Large Office | Medium Office | Small Office | Medium Retail | Small Retail Total

Total Site Energy Saving 37.66 .19 0.66 0.61 1.54 37.66
Percentage (%)

Median Saving (%) 36.14 33.68 30.78 31.13 45.74 36.04
Average Payback (years) 4.26 5.24 5.29 2.74 2.94 4.26

All Buildings Medium Retails Small Retails
3 T 33 T 14 —
B 30 12
5 M — -
5 - g1 g I
- . - o 29 o or ol
w =] =
Gar 4 = £
= =} =]
= S 20 =2 5|
= a =1
2 e a
o3 = 5
=] @ 15+ @ ek
a = =d
& 2 a
e~ @ I
c2r S 1o & at
i
5 2 g
o
1 sr ot
0 - . . |
ol= Jp— 20 . 30 . 40 50 20 30 a0 s0
20 a0 40 50 Site energy use saving percentage (%) Site energy use saving percentage (%)
Site energy use saving percentage (%)
Large Offices Medium Offices Small Offices
12 T T T T 14 T T T T 14
10 = 1z [ 12 -
2 =2 m 2 M
2 U] = ~ jo}
& sl 1 8 = & -
= = £
5 5 s,
5 = 8- = n
2 3 E
5 5 ‘B
@ o &l @ B
g & ° g
= s =
g T 5 g
e 8 ap g ar
@ o T
(=9 o
a
2|
N m m |_|'| o Lo M 1T o :
20 } 30 ) 40 50 o0 30 ap 50 20 30 40 50
Site energy use saving percentage (%)

Site energy use saving percentage (%) Site energy use saving percentage (%)



Deep Retrofit Package Results

Building Type

Large Office

Medium Office

Small Office

Medium Retail

Small Retail
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Percentage (%)
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Discussion / Next Steps

e Automatic portfolio level building energy model
calibration using public data (e.g., energy ordinance or
disclosure data from city)

* Multiscale Coupled Urban Systems (Exascale
Computing Project) :Couple Buildings, micro-climate,
transportation, and social-economic models.

* Onsite renewable
* More building types
* District heating and cooling system

* Inter-building effect



Conclusions

* Best Individual ECM: Replacing lighting with LED saves the most
energy of 22.2% of the total annual site energy consumption.

* Six ECMSs have payback year less than 5 years, including LED
Lighting, plug load controller, occupancy sensor, daylighting
sensor, widen temperature setpoint, and add economizer.

* Changing envelope, upgrading heating or cooling equipment, or
upgrade service hot water have longer payback year as well as
less energy savings, due to the mild climate of San Francisco.

* Economical retrofit package can save 28% to 48% (median 36%)
of the site energy use, with an average payback years of 4.26.

* Deep retrofit package can save 35% to 53% (median 42%) of the
site energy use, with an average payback years of 8.31.



Bibliography

* T. Hong, M.A. Piette, Y. Chen, et al. 2015. Commercial
building energy saver: an energy retrofit analysis
toolkit. Applied Energy, 2015, 159:298-309.

* S.H. Lee, T. Hong, M.A. Piette, G. Sawaya, Y. Chen, S.C.
Taylor-Lange. 2015. Accelerating the energy retrofit of
commercial buildings using a database of energy
efficiency performance. Energy, 2015, 90:738-747.

* T. Hong, Y. Chen, et al. 2016. CityBES: A Web-based
Platform to Support City-Scale Building Energy
Efficiency. UrbComp 2016, 14 August 2016, San
Francisco, California, USA



QUESTIONS?

Yixing Chen
vixingchen@|Ibl.gov

Tianzhen Hong
thong@I|bl.gov

Mary Ann Piette
mapiette@I|bl.gov




