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Project Summary 73
Timeline: Key Partners:
Start date: 1/1/2011
Planned end date: 12/31/2015 Center of Science and Technology of
Key Milestones Construction (CSTC), Ministry of Housing

1. Completed energy benchmarking tools for | and Urban-Rural Development (MOHURD)

hotels and commercial offices in China; : 1
12/31/2012 China Academy of Building Research (CABR)

2. Published research paper on construction, | Sustainable Energy Partnerships (SEP)
equipment, EE technology, and O&M
characteristics of very low-energy hotels; Project Goal:

12/3 1/2013 = Develop and pilot national building energy database,
Budget: benchmarking tool, and policy framework in China that will:
Total DOE S to date: $467 000 = Drive energy and CO, reductions in Chinese buildings;

= Drive sale of US EE technologies in China;
Total future DOE S: $100,000 e L o L
= Drive innovation in Chinese policy, including inclusion

Target Market/Audience: of benchmarking in China’s 13t Five Year Plan.

= 1.3 billion m2 of urban hotel and commercial " Condt{ct_research to inform evo‘Iution and advancement of
US building energy policy, drawing on lessons of China,
such as:

office space in China (CABR estimate);

= 17 US member companies of US-China Energy
Cooperation Partnership (ECP) EE Building
&Design Working Group (Honeywell, UTC, GE, * |nnovative building energy policies (i.e., Shenzhen

Dow, etc.);
= US DOE BTO and China MOHURD i EMEDAY  Chergy Efficiency &
2 ' ENERGY  Renewable Energy

= Application of on-line, energy monitoring to increase
efficiency and effectiveness of data collection;



Purpose and Objectives

N

Problem Statement:

China and US are largest energy consumers and CO, emitters globally.

Buildings in China and US account for 23% and 39%, respectively, of each country’s
consumption, and combined 14% of total CO, emissions.

The US-China Energy Research Center Building Energy Efficiency (CERC BEE) consortium
seeks to conduct joint US-China research on BEE technologies and practices to achieve
very low-energy buildings in both countries.

What China and the US Need:
= China’s building stock is estimated at 43 billion m?, five times the size of the US, and
growing at 2 billion m? annually (=21 new Empire State Buildings added per day!)
= China needs tools to equitably measure existing building performance to: set
operating standards; identify buildings for retrofit; and identify best practices.
= US policymakers need to improve efficiency and reliability of data collection and to
evolve codes, standards, and policies in response to new market conditions.
= The US can learn from innovations in China on on-line monitoring, emissions trading,
and energy quotas (Shenzhen ETS, building energy quota).

Target Market and Audience:

1.26 billion m? of urban commercial office and hotel space in China, consuming an
estimated 405 billion kWh annually (and adding 5% annually to total market size).

US building EE technology companies =arp=re ey CnErgy Efficiency &
US DOE and China MOHURD. ENERGY | Renewable Energy



Impact of Project @

Impact of Project (by December 2015):

= A piloted building energy database, benchmarking system,
and policy framework for public buildings in China.

= US building technology and solution providers trained on use
of benchmarking system to sell energy services (through US-
China ECP platform).

= China incorporates benchmarking into 13t Five Year Plan.

= US DOE informed on China’s real-time energy monitoring and
innovations in building energy performance codes, standards,
and policies (e.g., Shenzhen ETS).

Operational Rating System
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m
Projected Energy, CO,, and US Technology Sale Impact ¢
Projected Energy and CO, Impact in China

Total Savings from GHG Em|§5|on Wind Turbines
Benchmarked Reduction Installed
Buildings (kWh) (MtCO2e)

Short term: 2016 2017 (2yr) 29,400,000 1,169,197,200 949,797 262
Med-term: 2016 2020 (5yr) 78,000,000 6,086,232,000 4,944,151 1,362

Long-term: 2016 2025 (10yr) 171,000,000 23,784,354,000 19,321,220 5,321

Total m?

Benchmarked (1%)

This assumes 1% of total commercial office and hotel square meters (new and existing) benchmark annually for a total of 20% for each space
type over 10 years. We assume each building saves an average of 10% in energy usage through implementation of O&M improvements,
which is shown to be achievable based on 10+ years of ICF experience in China.

Projected US Technology Sale Impact

Total m? Investing in | Estimated Retrofit Cost Per
_ Technology (%) Square Meter (USD) Total Sales (USD)

Short-term: 2016 2017 (2yr) 1,470,000 $82.93 $121,904,883

Med-term: 2016 2020 (5yr) 3,900,000 $82.93 $323,427,000

Long-term: 2016 2025 (10yr) 8,550,000 $82.93 $709,051,500

This assumes 5% of benchmarked buildings will invest in new technologies at an estimated retrofit cost per square meter of 523.03 RMB (582.93).
Retrofit costs per square meter are estimated based on retrofit costs of lighting, space heating/cooling and advanced elevators from a solution proposal
done by CABR, Feb 2012 — Energy Efficiency retrofit plan for China Southern Grid office building. These are roughly in-line with Urban Land
November/December 2009 report citing hole building green retrofits can cost anywhere from 527 to S75 per square meter -
https.//www.esbnyc.com/documents/sustainability/uli_building retro fits.pdf
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Approach g%/

Approach:

= Database development draws on US Commercial Building Energy Consumption
Survey (CBECS) and US DOE Building Performance Database (BPD).

= Benchmarking tool development draws primarily on ENERGY STAR methodology,
with customizations for China (i.e., data points for normalization).

= Policy framework draws on ENERGY STAR and NRDC research (focus on building
energy services market and leveraging ESCOs to provide benchmarking, etc.)

2.1 Convert site 2.6 Select the 2.7 Calculate 2.8 Sort the
energy to source best equation energy efficiency efficiency ratios
energy; Identify data candidates ratios

filters; Identify survey

weights

2.2 Identify dependent 2.5 Conduct weighted 2.9 Generate
and independent ordinary least cumulative
variable candidates squares regression distribution plot

i

2.3 Center all 2.4 Select different 2.10 Develop a
independent variable variables as smooth curve fit
candidates independent variables to the plot

for regression

LS "2

2.14 Develop the draft 2.13 Select best 2.12 Create 2.11 Develop

and final model with Lookup Table equation to
benchmarking tools testing; conduct « « describe the
beta testing curve

Methodology for Tool Development  us.oseartuentor | Engrgy Efficiency &

6 EN ERGY Renewable Energy



Key Issues

Key Issues:

Access to data for benchmarking:
Most Chinese building energy
data sets not publicly available.

Resolution:

ICF partnered with Horwath HTL and
China Tourist Hotel Association
(CTHA) to conduct an annual “Energy
Benchmark Survey,” providing access
to data for ~700 hotels annually.

ICF and China Property Management
Institute (CPMI) partnership provided
data sufficient for 1%t iteration
commercial office benchmarking
tool.

[Please contact us should y« n electr onic vers|
m*ﬁm@.;ﬁné ﬁﬁ%*ﬁﬁﬂﬁlf&.ﬁ g@h orwal Ihhll com ol

of the questionnaire at:
r 010-8518-1833

[ Energy Benchmarking Survey

TR |

English Name of Property:

BIERIERR:

Q.1 MNumber of guest rooms?,
i3 1: SEEEEHET Rooms ! ] An
Q.2_Total hotel floor space? 2
1812 2: S IEHEET Y e
Squars metres | FTH

Q.3 Number of floors?,
iolE 3: HEEHENETY

Type /2580

Q8. Number of commercial reftigeration units?
Al 8 EEHSIREMET

Fleors /|5

Walk-in | F04EE

Open

FHEAkAE CakdE

Q4. Average annual occupanecy (percentage)®
1038 4: BEEETIHIEET

Closed / HFANE (345
* Aw o= oFromms that ars ccoupied in the hoel dusine Total / &t
the
¢ Q9 Amp ols in your hotel? If yes, please specify the
Qm.,m; es during the mam shift? urmber, and total cumulative size o th cols.
[al3 5 ’EIEE’%L’SMRFJ?QAI’&!E \7@9 ﬁEEEEﬁMﬂ puish §?Ef-,‘1‘f<‘mﬁiﬂo

‘ Ex:

‘1ES| N)| No.

| Total |

LA

Horwath-CTHA Annual “Benchmark Survey

V4

Data for 54 Grade A and B commercial offices :
19 in Beijing (2% of total office stock)

11 in Dalian (17% of total office stock)

9 in Guangzhou (2% of total office stock)

15 from other cities.
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Distinctive Characteristics
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=  Approach based primarily on ENERGY STAR, with customizations for China
(i.e., data points for normalization).

occupancy
* Based on utility bills

* Operational Rating, after

Consumption
Quantification

[ Energy

Measurement

[ Floor Area

PR <G>

ﬁ Not normalized
D>

Calculated

Hotels

«Star category

*Number of Rooms
*Number of Workers
*Location (HDD/CDD)
*Number of Walk-in
Commercial Refrigeration
Units

*Gross Floor Area

Total

Delivere
Final

—

Unconditioned

e
Conditioned & \

Standard valuesD Offices
«CDD
p( Tailored values ) *Building Annual
Operation Hours (hour)
*Number of Staffs
(person)

*Floor Area of
Heated/Cooled (SM)

* Source or Primary Energy Use

Rentable

\

gross
volume
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Distinctive Characteristics :\7

= Approach based primarily on ENERGY STAR, with
customizations for China (i.e., data points for normalization).

New

<
=01
CEDyn G,

Building Type
Compared to code)
Comparabilty
Metric Compared to average )
Compared to cuslar‘D
* Horwath and CTHA Database
* CPMI data
Energy End

) e
lug Loads

7 Process
Loads
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Accomplishments
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First Prototype Comparative Building Benchmarking Tools for Hotels
and Commercial Offices in China

Commercial Office Benchmarking Tool

On-line Hotel Benchmarking Tool
Prototype

Hame? Panfolic

iy Add Portfolio Basic Information

Use the form below tinpu genersl information cancerming your new ponfolio

BRSRAEATARS

L BERFEES

0 -3 s0 s 100

EE—EES

SERATR SEE EAER SEEIA  THRESA SRANE
BAEETSES BERE - ERSE ;

ciw)

http://www.cabr-cecc.com/

= Chinese hotel benchmarking models explains 78.3%, 66.6%, and 78% percent of the variance in
energy consumption for 5-Star, 4-Star, and 3-Star hotels, respectively.

= Chinese commercial office benchmark model explains 89% of the variance in energy usage.

= US ENERGYSTAR benchmarking models explain 87.3% of the variation of source energy of hotels and
79.1% of the variation of source energy for commercial offices. %S PEPARTMENT OF | Energy Efficiency &

ENERGY Renewable Energy
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Accomplishments N

Best Energy Performing Hotels in China |Poorest Energy Performing Hotels in China

Bottom 25%
Mostly concrete envelope (60%).

Mostly glass envelope (50%).

\WEY BT V1 Elale] s M Nearly three-quarters use wall insulation Over half use wall insulation (57%).
(70%).

m Hollow double glazing window most popular  Hollow double glazing window most popular (75%).
High instances of operable windows (22%). Few instances of operable windows (6%).
Most use glass with film painting (57%) and Most use glass with film painting (43%) and nearly
more than one-third use normal glass (38%).  one-third use low-e glass (29%) or normal glass
(29%).

1 \Y/: Yol e/ To] 1318 Water-loop chiller unit- screw is most popular  Water-loop chiller unit- screw is most popular
(41%). Split AC/VRV and renewable energy (56%). Direct combustion lithium bromide
source heat pumps found only in above- absorption chiller found only in below-average
average performers performers
MY/ Vol S [=F1 41 V-8 Natural gas boiler is most popular (53%), but ~ Natural gas boiler is most popular (86%), followed
high instances of district steam use (40%). by direct combustion lithium bromide absorption
chiller (natural gas) (14%). No district steam use
(0%).
SAY/:XoB\Y E W: XT3 Fan-coil units (FCU) + primary air units (PAU) Fan-coil units (FCU) + primary air units (PAU) and
Distribution and FCUs with PAUs + VRV/Split AC most FCUs with PAUs + VRV/Split AC most popular. No
popular. More Split AC/VRV (24%) Split AC/VRV (0%).
VLTl R -8 On-site boiler most popular (65%). District hot  On-site boiler most popular (100%). No district hot
water/steam only in above-average water/steam (0%).

performers.

s T SR Crierygy chiciernicy o«
11 EN ERGY Renewable Energy



Accomplishments %

Lighting Best Energy Performing Hotels in China (Top [Poorest Energy Performing Hotels in
China (Bottom 25%

Major Indoor More use of low pressure sodium, high pressure LFLs, CFLs, and LEDs widely used.
Lighting sodium, metal halide, and high pressure mercury
lamps. Use of LFL, CFL, and LEDs similar to poor
performers.
BP0 AT V- o ]s i ¢s] B More use of manual control (59%). More use of manual control (57%) and high
instances of automation (43%).
EE Technology
EE Technology High instances of VFD (65%) and economizer High instances of VFD (100%) and economizer
HVAC (75%). CO2 sensors installed (17%). (75%). No CO2 sensors installed.

EE Technology High instances of low-flow showerhead (67%). High instances of low-flow showerhead (75%).
Water

EE Technology Use of occupancy sensors (22%) and controllable  Use of occupancy sensors (25%) and
Lighting dimmers (23%). controllable dimmers (100%).

O&M HVAC Open windows during cooling season (100%), Close windows during cooling season (100%),
manual control of HVAC (64%). automated control of HVAC (50%).

(o 4\ I RT-{,1{[, V-3 High instances of scheduling (79%). High instances of scheduling (100%).

Energy audit (69%), energy retrofit last three years Energy audit (50%), energy retrofit last three
Management (100%), EE purchasing plan (85%). Track data years (75%), EE purchasing plan (75%). Track
(100%) and designated energy manager (100%). data (100%) and designated energy manager

(100%).

Sy CIergy cliciency &

12 EN ERGY Renewable Energy



Lessons Learned
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Concrete envelope and operable windows offer better levels of
energy efficiency and energy conservation.

Best EE lamps on the market (low and high pressure sodium and
metal halides) found only in top performing hotels.

District steam, split AC/VRV systems, and renewable energy source
heat pumps, found only in above-average hotels.

While both top and poor energy performing hotels utilize EE
technologies, top performing hotels were more likely to manually
control HVAC equipment and to have invested in an outside audits
or energy retrofit in the past three years

Certain construction characteristics, such as glass envelope and
direct combustion lithium bromide absorption chillers (natural gas)
should be avoided.

U.S. DEPARTMENT OF Energy EfflClenCy &

ENERGY Renewable Energy




Market Impact
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Market Impact:

Two prototype benchmarking tools completed
for China.

200 property managers from 21 Chinese
provinces introduced to benchmarking
through training workshops with CPMI.

US-China ECP committed to leveraging
benchmarking tool to advance sale of US EE
technologies through training for member
companies.

MOHURD CSTC committed to incorporating
benchmarking into China’s 13t Five Year Plan.

Impacts on CO, and US technology sales will
begin in early 2016 (after pilot phase).

US China ECP EE Building &
Design Working Group
Member Companies
=|CF
=UTC
"AECOM
=Applied Materials
= Autodesk
=Calera
=Caterpillar
=Dow
=Eastman
=First Element Energy
=First Solar
=General Electric
"Honeywell
="|BM
=Intel
=JCl
=Sage

U.S. DEPARTMENT OF

ENERGY
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Project Integration and Collaboration 7

Project Integration:

= |ICF and CABR may leverage World Bank China Energy Benchmarking and Public
Disclosure (EPB&PD) Project to disseminate tools in Beijing and Ningbo (for replication
in other cities) (2014-2016).

= |CF involving Tsinghua University’s Yan Da to offer insight into impact of
modeling/simulation on energy performance benchmarking system.

= |n coordination with US-China ECP to train US technology suppliers on use of
benchmark to sell energy services.

Partners, Subcontractors, and Collaborators:

=  Ministry of Housing and Urban-Rural Development (MOHURD) Center for Science and
Technology of Construction (CSTC) (Chinese Counterpart and Principle Investigator (Pl))

= Sustainable Energy Partnerships (SEP) (us pi)

= Lawrence Berkley National Laboratory (LBNL) (Collaborator and Advisor)

= China Academy of Building Research (CABR) (Collaborator and Advisor)

=  Tsinghua University (Collaborator and Advisor)

= Natural Resources Defense Council (NRDC) (collaborator and Advisor)

Estimated In-kind Support: ~USS510,000 (CABR and Tsinghua involvement in monthly meetings with
MOHURD, CSTC, and ICF.)

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy
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Communications

Presentations on Benchmarking:

2013 MOHURD International Conference on Green and Energy-Efficient
Building & New Technologies and Products Expo

2011, 2012 Asia Hotel Forum
2011 International Youth Summit on Climate Change
2011 China Hotel Development and Finance Conference

Papers on Benchmarking:

2014 MOHURD International Conference on Green and Energy-Efficient
Building & New Technologies and Products Expo Paper: Construction,
Equipment, Technology, and Operational Characteristics of Very Low-
Energy Hotels in China.

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy




Next Steps and Future Plans

%‘

Next Steps and Future Plans:
= Following completion of prototype database, benchmarking system,
and policy framework in China —

17

Promote uptake into 13" Five Year Plan.

Promote coordination of efforts on benchmarking across multiple
stakeholders — World Bank, CABR, CSTC, NRDC, IPEEC.

Focus on — benchmarking program formation on a national level,
accompanied by program-delivered technical assistance for
reducing energy use in the existing building stock. Largely training,
and could link to certification for building energy management.
Focus on — Identifying US industry leaders (GE, Honeywell, etc.) to
utilize benchmarking to sell US energy services in China.

Promote continued identification of lessons for US from China’s
real-time energy monitoring and innovations in building energy
performance codes, standards, and policies.

U.S. DEPARTMENT OF Energy EfﬁClency &

ENERGY Renewable Energy
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Project Budget

Project Budget: $467,000 Total, Expended 78% To-Date ($365,174)
Additional Funding: $200,000 cost-share from USAID (2011-2012)

Year | Planned | Actual | Variance | Explanation

$135,000 $135,000 SO Work on target to develop benchmarking tools for China.
$135,000 $150,000 +11% Received budget increase due to importance/value of work.
MOHURD priorities shifted to research methods on O&M,
_2Q0,
Sk 0Tl 000 39% smaller budget allocated for more limited R&D SOW.

MOHURD priorities shift back to benchmarking, smaller
o Y=
S0t AT 26% budget requested for more limited SOW with CSTC.

$135000  TBD TBD
$ 675000  $ 467,000

Budget History

FY2011-FY2013 FY2014 FY2015
(past) (current) (planned)
DOE Cost-share DOE Cost-share DOE Cost-share
$367,000 $200,000* $100,000 TBD $100,000 TBD
* Estimated cost-share from USAID US-China Sustainable Buildings us. oEPARTMENT OF | Enargy Efficiency &

. Partnership in 2011 and 2012. ENERGY ey s e
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Project Plan and Schedule @
Project Schedule
Project Start: 1/1/2011 Completed Work
Projected End: 12/31/2015 Active Task (in progress work)
’ Milestone/Deliverable (Originally Planned)
’ Milestone/Deliverable (Actual)
FY2013 FY2014 FY2015
ST lglslslsIllsls |5 I|T |=
sz |2 (&8 =|2|[&]8 (=12 |3
< < <
S 13 (3 |la g8 |a|la|lzg|ad]|c |o
Q2 Milestone: Develop survey guestionnaire

Q3 Milestone: Conduct survey with 100 hotels
Q4 Milestone: On-site investigation

Q1 Milestone: Case studies

Q2 Milestone: Final Year 2 Report
Current/Future Work

Q3 Milestone: Draft data taxonomy and tool
Q4 Milestone: Final taxonomy, draft tool, policy
Q1 Milestone: Pilot data taxonomy in city

Q2 Milestone: Updates to benchmarking tool

Q3 Milestone: Pilot tool and policy in city

20



A P I'OjeCt Of C E RC'B E E (US-China Clean Energy Research Center Building Energy Efficiency Consortium) \\SVZ;

Pioneering U.S. China Innovation for Widespread Adoption of Very Low Energy Buildings Through Partnerships and Real World Impact

OAK o . ) atling == e s
G U (TR iCF .éhl?!?.c UCDAVIS |« e T & Bentley S C3Energy 3M #:LUTRON

BERKELEY LAB

U.S. Research Leadsm U.S. Industrial Partners (Funding +40% Annual Average Growth Rate)
Research Strate Huge Impact: ' ildi
. gy -) g P _ Demonstratlc_m Buildings, Wide Adoption Very
» U.S./China construction market ~ 2B m2 Technologies, Software Commercial Impact, Low Enerav Buildinas
» (€02 savings ~ 100Mt/year by 2025 Tools and Guidebooks 9y g

¥ ¥ ¥
ABOUT: CERC-BEE is a five year, $50M New Patent .
program created by the U.S. Department
of Energy and Chinese Ministry of Science
and Technology.

R&D TEAMS: U.S. national laboratories, and U.S. and Chinese universities, and research
institutes team up with industry partners to accelerate innovation and deployment.

SELECTED RESEARCH OUTCOMES:
* Launched eight new products and developed two software tools (e.g. Cloud tool for Policy &
microgrids, 40 new users from China) Market
» Won R&D Top 100 Award for GSHP by Climate Master Brelionion
 Exceeded IP goals: ~ 25 patents filed, 4 approved; inventions disclosed and more in :
process (e.g. sprayable liquid flashing, cool roof materials)
* Developed 20 standards (e.g. LBNL involved in new Chinese commercial building code | Renew:
revision)
* Published 135 Chinese and 54+ US academic research papers

U.S. DEPARTMENT OF Energy Efficiency &

" Website: cercbee.lbl.gov ENERGY rcrowable Energy
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