= Charchill
; Canada
“ince AUpert gli= o
= Edmontan
o Sackatoon
= Reginn o
= Win nij
........ MPeE it
e P AR
Seartl e
Helena ]
i Montréal ||
Partland Maine i
duh b

B A La
R Housten
-ch?r?ﬁahn\a.\
‘\.
° M;ntzrrzy Miarni s
Mexico
Mazatlin LiaHabana . Republica
Daminicana
Gurdalaj !
i Pueld; it |

Ciudad d Sanio Dom

—y amaica B
Mfag + Balin !
|
Glatemala oy o ras
P
i Salusdar
Nigarzgua =
Conta '_J
s Caraca:
Rica 3
{ Panama

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

U.S.-China Clean Energy Research Center Building Energy Efficiency (CERC-BEE)

Markets and Policy Initiative
2017 Building Technologies Office Peer Review

Total Potential Savings

$603,000

Top Individual Potential

Highest Savings
Park Place

Savings

Park Place

Savings 290,000
Glencove Plaza v Glencove Plaza

Savings 180,000

North Sail Building

Savings 90,000

Delway Building

Savings 33,000
North Sail Building

Washington Plaza

Savings 10,000

2 facilities at this savings level
Lowest Savings

Carolyn Szum, ccszum@lbl.gov
Lawrence Berkeley National Laboratory



Project Summary

Timeline:
Start date: April 1, 2016
Planned end date: March 31, 2021

Key Milestones:

1. Method for implementing outcome-
based codes for US cities (FY17Q4)

2. Web-based Open-Source Building
Energy Audit Tool (FY18Q4)

3. Systems Dynamics CERC-BEE Impact
Model (FY19Q1)

4. Financial product for building energy

efficiency piloted (FY19Q4)

5. Outcome requirements for US and
Chinese model codes (FY20Q4)

* All milestone dates are based on CERC-BEE
Fiscal Year (FY) which runs April 1 to March 31.

Budget:

Total Project $ to Date:

e DOE: $340,000

e Cost Share: S1 million
Total Project S:

e DOE: $1.94 million

¢ Cost Share: $6.89 million

Key Partners:

United States:

e Lawrence Berkeley National Laboratory
(LBNL)

Citi

ICF International (ICF)

Institute for Market Transformation (IMT)
Johnson Controls, Inc. (JCI)

Lutron Electronics, Inc.

Natural Resources Defense Council (NRDC)
New Buildings Institute (NBI)

Rocky Mountain Institute (RMI)

The Energy Foundation

The Paulson Institute

United Technologies Corporation (UTC) /
United Technologies Research Center
(UTRC)

China:

e China Ministry of Housing and Urban-
Rural Development Center for
Science and Technology of
Construction (MOHURD CSTC)

e China Academy of Building Research
(CABR)

¢ China Association of Building Energy
Efficiency (CABEE)

e China State Construction Engineering
and Corporation (CSCEC)

¢ Shanghai Pudong Development Bank
(SPDB)

¢ Shenzhen Institute of Building
Research (SZIBR)

e Tsinghua University

Project Outcome:

By 2025, save 6% annually of new and existing annual
commercial and residential building energy usage! and expand
the global market for US building energy efficiency (EE)
technologies by S60 billion annually by advancing: (1) outcome-
based building energy codes; (2) system dynamics impact
model; (3) data transparency policies and an open-source
building energy audit tool; and (4) innovative financing

mechanisms for building EE.

1. Percent maximum potential

annual energy savings for each end?-S- DEPARTMENT OF

ERGY

use by 2025, (2010 base year).

Energy Efficiency &
Renewable Energy




Purpose and Objectives

Problem Statement:

US and China account for close to 40% of the global
building energy use.
50% -

40% -

30% -

20% -
10% -
0% T T T

2000 2010 2020 2030
% Global Building Energy Use

Target Market:

Designers and developers of new commercial and
residential buildings in the US and China.

Owners, operators, tenants, energy service
companies (ESCO), and financiers of existing

commercial building retrofits in the US and China.

National and local building energy policymakers.

China
m USA

Barriers to Better Buildings:

= New Buildings - Insufficient building codes:
= Do not address all factors of design,
construction, and behavior that affect

performance (plug and process loads) (mvp
163).

= Existing Buildings — Insufficient data, tools, and
financing:
= Lack of/asymmetric data (vvp 54, 75)
= Lack of tools to efficiently and cost-

effectively audit buildings at scale (vvp 54,74,
75).

= Building EE is not considered an asset class
(MYP 53, 74, 75).

= Few models to test impact of national
technology research and development
(R&D) programs in US and China (mve 103).

Market Size:

Estimated Annual Energy Usage by 2025
Business as Usual (2010 baseline)

0 20 40 60 80 100
Quads B USA m China



Outcomes and Impact

New Buildings (Near-Term):

=  Qutcome-based building codes that can ensure actual energy
usage reduction for US and Chinese buildings.

Existing Buildings (Near-Term):

=  Public data in US and China for retrofit identification,
monitoring and verification (M&V), and policy development
and evaluation, monitoring, and verification (EM&V).

= Cost-effective financial analyses and energy conservation
measure (ECM) identification for buildings through a new
open-source, web-based audit tool in US and China.

= Capital deployed at scale for building energy efficiency as a
result of new, innovative financial products in US and China

= Arealistic model of technology and policy adoption to
evaluate effectiveness of technology and R&D programs in
the US and China.

Measurement Toward Performance Goals: CERC-BEE System
Dynamics Impact Model (energy and CO,); quarterly reporting.

Near-Term Outcomes (during project):

= Pjlot demonstration.
= Tools and resources for scale-up.
Mid-Term Outcomes (1-3 years after project):

= Policy and tool adoptionin 3 to 5 cities in the
US and China.

= Observable innovations (i.e., audit tool
software App for US and China).

Long-Term Outcomes (3+ years after project):

= National tool and policy adoption in the US
and China (where applicable).

= 10+ cities applying:
- outcome-based building energy codes
- enhanced data transparency policies
- audit tool
- financial products for building EE

Long-Term Outcome and Impact

2025 Annual us China Total
Savings

Energy savings 2.5 3.2 5.7
(quads)

Percent savings 6% 7% 13%

(2010 base year)

CO, reductions 240 300 540
(MtCO,)



Outcome-based Codes: Team, Approach, Outputs

Partners, Subcontractors, and Collaborators

A

CABEE

Ny /

%Uniled )
Technologies (¢

b' new buildings
NDI institute

FY16:

Research to

assess prescriptive
performance vs.
“best practice”
performance and
the impact of
operating
conditions on
outcome-based
performance in
China.

Distinctive Characteristics:

= |essons from China to US on
code target-setting.

= |essons from US to China on
code implementation.

5

Timeline based on CERC-BEE Fiscal Year (Apr 1 — Mar 31)

“ Mayaor's Office af
Sustainability

FY17: Develop

Outputs
New standards: model code for US and Chinese Advanced Energy Design

v

v

Guide (AEDG).

Publications: 2 peer-reviewed papers / journal articles and 7

reports/guidebooks.

Training: curriculum and delivery to 50 individuals.
Demonstrations: Changning, Shanghai and New York City policy pilots.

- FY18: Pilot

Methodology for

implementing outcome-

based codes in US
(harmonized with

prescriptive measures)

e Targets, enforcement,

and compliance.

e Evaluate CERC-BEE
demo buildings'

potential outcome-
based performance.

method for
developing and
implementing

outcome-based codes

in US and Chinese
cities:

e New York City
e Shanghai

- FY20: New
FY19. Education Standards
e Qutcome

and Trainin
8 requirements for

US model energy
code and Chinese
AEDG.

e Recommendations
for DOE Asset
Score.

e Training curriculum,
including case studies.

e Delivery to DOE,
MOHURD, and US and
Chinese cities (e.g.,
Washington, DC).

Energy Efficiency &
Renewable ﬁgergy

U.S. DEPARTMENT OF

ENERGY

a



Data Transparency and Impact Modeling: Team, Approach, Outputs

Outputs

Partners, Subcontractors, and Collaborators v New standards: New data disclosure points for better retrofit

N RDC IMT identification, M&V, and EM&YV integrated into US city policies and
| wrvnanesounces [ ) g BT China national disclosure policy.
SERIEEY LAP PEFENSE coUNCIL v" Publications: 3 peer-reviewed papers / journal articles and 3
o, reports/guidebooks.
_'N‘%[ ;"Ehﬂlggoﬂ" v' Software: System Dynamics CERC-BEE Impact Model (open-source)

v" Training: Curriculum and delivery to 100 individuals.
v' Demonstrations: Shanghai, Washington, DC, and Cleveland, OH.

Distinctive Characteristics:

= |everage current collaboration agreements /
and US-China bilateral platforms to emphasize \ 4 FY20. Quantify
both national and local level collaboration. FY19. City " impact and

= Leverage IMT and NRDC to facilitate - . : disseminate
-verage ' . Pilot Projects.
dissemination of pilot results and scale-up. results
- FY18. Data * Washington, DC;
FY17. Data distlosure Cleveland, OH; ’ &Ejdce'FEE Impact
FY16. Data discl ; : Shanghai ,
Isclosure points  noints for .  City Energy
disclosure points * Final open-source -
Y for b :
for better building etter better policy Impact Model to Project
19N building energy  Em&V. DOE. * MOHURD
energy retrofit usage M&YV. EPB&PD program.
identification. | » Perform policy ) CITY
¢ Modify Impact scenario analysis iy ENERGY

* Adapt Impact-Model Model to analyze the  using Impact f JOINT SROLECT o RO +

for CERC-BEE 2.0 and effect of Model and share N

present'to DOE on demographic and results with DOE O s Ee 8 1 [ =

Impact Model economic factors on and MOHURD. - o

framework energy usage and s

assumptions and share CO, emissions. ... 9

best practices. ks, e

& ENERGY

6
Timeline based on CERC-BEE Fiscal Year (Apr 1 — Mar 31)



Open-Source Audit Tool: Approach, Team, Outputs

Partners, Subcontractors, and Collaborators Outputs
v" New standards: Audit tool incorporated into US and China
; ‘ . Johnson ¢))I(4 national benchmarking policies and programs
perard B> M Controls v Publications: 1 peer-reviewed papers / journal articles and
4 reports/guidebooks.
1, v" Invention Disclosure: 1%t Joint US-China IPMP under CERC.
\CABEE = e v' Copyrighted Software: Building energy audit tool (open-
e 4 source license agreement)
FY18. Web- v" Training: Curriculum and delivery to 100 individuals.
Distinctive Characteristics: b . v' Demonstrations: Changning, Shanghai, Washington, DC,
ased audit tool
* Emphasize building EE technology co- in Chi and Cleveland, OH
development; testing and In Ina.
demonstration in China and US; and « Evaluate opportunities FY20
scale-up in both countries. to integrate with DOE ¢ | )
Asset Score and 1 ncorporate
ENERGY STAR Portfolio FY1_9' Pilot inUS and
Manager. rojects .
FY16. PFo] Chinese
Database and * Washington, DC national and
US-China Joint * CIeveIar_md, OH municipal
Intellectual " Changning,
- Shanghai programs:
Property FY17. Audit tool

e Commissioning

Management  source code :
e Benchmarking

Plan (IPMP). published to

- GitHub ’—‘
e Coordination with a! SEED Better
Key Issue: Slower than Energy - PLATFORM Buildings
anticipated collection of Performance T Y — AN
Chinese data for audit Contract (EPC) DOE Commercial Building a
tool development. Working Group. :‘-;’.’ DOE BUILDINGS

v PERFORMANCE DATABASE

Timeline based on CERC-BEE Fiscal Year (Apr 1 — Mar 31)



Financing: Approach, Team, and Outputs

Partners, Subcontractors, and Collaborators

&l citi ©IFc

-~
International
Finance Corporation l
WORLD BANK GROUP

DEEERYLAE

) = :IJVM b A Kk
3 A ] =
@. BRRERESS r’ ;ﬁﬁm ‘rT I—_-' AGHICULTURAL BANK OF CHINA

PAULSON INSTITUTE

SPD BANK

Distinctive Characteristics:

8

Leverage Chinese institutional capacity and willingness to
invest heavily in financing policy development and
deployment at national and sub-national level.

US and Chinese bank financial product co-development.
Partnership with Agricultural Bank of China (ABC) — the 4th
largest bank in the world.

Outputs

v" New standards: ABC "greens” its banking business in China.

v' Publications: 2 peer-reviewed papers / journal articles and 3
reports/guidebooks.

v' Workshops: “Barriers and Solutions to Building Energy
Efficiency Retrofits in China” US-China bilateral workshop.

v' Products: Specialized EE financing product for ABC and Citi
developed and piloted.

v' Training: curriculum and delivery to 200 individuals.

v' Demonstrations: Washington, DC? California? Wuhan, China

FY16. Host US- - FY18. Citi-IFC-

China Bilateral FY17.

Workshop "Barriers ~Develop

and Solutions to Building
Energy Efficiency Retrofits." program
model:

e Sunshot-Catalyst
e Standardized EPC

e New credit
information
products

e G20 collaboration

Timeline based on CERC-BEE Fiscal Year (Apr 1 — Mar 31)

ABC Pilot

e Specialized financial EE
products

* “Green Finance”
internet portal

e Case studies

¢ Information on leading-
edge building EE
technologies

e Training for bankers

FY19. City

Retrofit
/Financ

ing

Pilot Project
e Washington DC (?)

e California

(?)

FY20. Tools
and
resources
for scale-up

e Wuhan, China (?)

BEE

Financing Model

Bank of
Chongging

t¢——Loan Repayment-

Banik Cred:

Tongtang

MOHURD and
Chengaing

Financing Loan repaymant

te—80% of anergy savings—

Commission of
Urban-Rural
Development

RMB 40im° subsidias Technovator Proprty Ownsrs

|—RMB &m* subsidies—n

Construction/incalized oparaion and mainienansn 100% onergy savings

Local Companies

in Chongaing »> Projacts




Outcome-Based Codes: Progress and Accomplishments

Prescriptive Performance vs “Best Practice”

Small Building With All Measures Large Building With All Measures

90.00 140.00

80.00 120.00
£ 70.00 T
= = 10000  cooline ¢

cooling tower
E 60.00 B pumps E
= - B pumps
Z 50.00 m fans Z 80.00
27 2 m fans
z W equipment o
£ 40.00 £ 6000 W equipment
@ u lightin 2 '
g gnting g = lighting
= 30.00 o cooling & i
o 5 40.00 M cooling
£ 2000 & heating E _
w - W heating
20.00
10.00
0.00 0.00
Beijing Beijing Best Shanghai  Shanghai Best Guangzhou Guangzhou Beijing Beijing Best ~ Shanghai Shanghai  Guangzhou Guangzhou
Baseline Practice Baseline Practice Baseline  Best Practice Baseline Practice Baseline  BestPractice  Baseline  Best Practice

e Harmonized the prescriptive energy standard and the outcome-based standard by investigating Chinese

prescriptive compliance performance and “the best practice” buildings achieved through improving unregulated
measures and operating conditions (Shanghai climate zone).

Outcome based required Outcome based
target Recommended target
Perforrr%ance Prescriptive | Best

(kwh/m?) Baseline practice

Government Commercial Government Commercial
office office office office

Small office (Cat A) 72.19 53.82 70 85 50 70

Large office (Cat B) 112.22 81.82 90 110 80

e Found that the recommended outcome-based target for large government
office buildings is difficult to achieve.

. . . U.S. DEPARTMENT OF Energy Eﬁ |ency &
e Other targets are achievable based on the prescriptive standards and
changing operating conditions. ENERGY S HEHEIC SUEmy
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Outcome-Based Codes: Progress and Accomplishments

Operating Conditions Can Have Impacts on Outcome-Based Performance

- Shanghi

Savings, Savings Savings, Savings Savings, Savings
kWh/m?2 ratio kWh/m?2 ratio kWh/m?2 ratio

cooling setp 0.61 0.75% 0.81 1.12% 0.11 0.17%
heating setp 2.8 3.47% 2.98 4.13% 0.59 0.92%
: lighting use 3.86 4.78% 4.12 5.70% 4.36 6.74%
B equip use 6.27 7.76% 6.35 8.80% 6.9 10.67%
nggﬁgltlon 1.01 1.25% 7.68 10.64% 1.18 1.82%
shading 0.2 0.25% 0.11 0.15% 0.16 0.24%
cooling setp 1.38 1.66% 11.86 10.57% 17.81 14.09%
heating setp 3.17 3.81% 3.58 3.19% 3.94 3.12%
lighting use 4.43 5.33% 7.23 6.44% 9.16 7.25%
equip use 7.17 8.63% 10.85 9.67% 13.01 10.29%
Large Office
Building yg;gﬁg'tion 10.71 11.62% 14.19 12.10% 14.87 10%
shading 0.77 0.93% 3.27 2.91% 4.63 3.66%
economizer 0.34 0.41% 2.36 2.10% 4.06 3.22%
SA reset 1.15 1.38% 2.34 2.08% 3.96 3.13%

Communications: 2017 ECEEE Summer Study Paper: From Prescriptive to Outcome Based - the Evolution of
Building Energy Codes and Standards in China.

Next Steps: (FY16) Finalize paper and deliver webinar to DOE on findings; (FY17) develop methodology for
implementing outcome-based codes; (FY18) pilot in NYC and Shanghai; (FY19) training and tools for scale-up;
(FY20) input into national model codes and guidelines in both countries. | < pepartmenT oF

Energy Efficiency &
ENERGY Renewablignergy



Impact Model: Progress and Accomplishments

mpact Model Framework Complete

CERC-BEE System Dynamics Model

= A system dynamics simulation of building energy usage,
disaggregated by climate zone, building type, end use, and
end-use technology.

=  Supports development of robust, effective policies
optimized for their conditions in US or China.

Distinguishing Features

®*  Product and building turnover models, including a realistic
model for product adoption.

= System dynamics permits dealing with complexity of
behavior as well as complexity of detail.

= Models counter-intuitive effects like policy resistance.

Progress To-Date

= The model framework is complete, and ready to begin
testing policy prototypes. The model has been calibrated
to LBNL-RMI Reinventing Fire China.

Communications

= Preparing to present at International System Dynamics
Conference, July 2017, Cambridge MA; preparing
publication of model details.

11

CERC-BEE Impact Model

15 16%

Millions

[}

12%

10

8%

GWh/Year

4%

2010 2020 2030 2040 2050

e RFC Baseline e CERC-BEE 1.0 Reduction (%)

Next Steps

(FY16) Presentation to DOE to review framework
assumptions and share best practices;

(FY17) Modify and test the model to analyze the
effect of demographic and economic factors on
energy usage and CO, emissions;

(FY18) Perform policy scenario analysis and share
results with DOE and MOHURD;

(FY19) Final, open-source Impact Model and usage
guidelines for DOE and MOHURD;

(FY20) Estimate impact of CERC-BEE program.

U.S. DEPARTMENT OF Energy Effi iency &

ENERGY Renewabl Energy



Data Transparency: Progress and Accomplishment
Research Findings and Policy Recommendations

12

Policy Opportunity 1: Need for additional analysis of results, such as ECMs, financial analyses,
references to government or utility incentives, etc. (Dunsky et al. 2009; Palmer and Walls 2015; Pan
et al. 2016).

Research Finding 1: The minimum data points needed to generate these metrics are: monthly utility
data, simple building characteristics (e.g., gross floor area, building type), and weather data.

g 5 |3 | =
—_ =| 8 = o
Es oD | & c 2
@ c = M =] g B
. 8o SS|p |5 | £
m — " — =
| 5 ' REHEREREE
2a | 8 = a9 > £z | Da| 9 t >
s @ | 5 = & m E mw | B g B
o £ T a8 s E B m & O g
o 0 E I.E o £ | = a & 'E = I.E
Em (= ] ; o = - E ]
g2 8 : m = wP| E5| S| €2
=8|l a | = 3 s fz| 89| 53
o | O i 0= ouw| 0w | OL| 53
Tool Inputs
Accessibility for the public {Yes/MNo) Yes Mo Mo Mo Mo Mo Mo “ Yes Yes Mo
Utility Bills x® X X X X X X X X X X
Time Seres Interval Energy Data X X X X X
Climate’Weather Data“ X X X X X X X X X X
Simple Building Characteristics * X X X X X X X X X X X
Detailed Building Characteristics © X X X X X X
Tool Outputs
Energy and Cost Savings Estimates X X X X X X X X X X X
Recommended ECMs X X X X X X X X X X X
Benchmark Again Peers X X “ X X X

Lee, Hong, and Piette 2015

:Unknown; ® Yearly source and site EUL ¢ A range of factors, including but not limited to, indication of climate zone, daily
outdoor temperature, daily wet bulb temperature, heating degree day (HDD), cooling degree day {CDDY); ¢ Includes building ncy &
type, vintage, floor area, occupancy density; ® Goes beyond that listed in the simple category nergy



Data Transparency: Progress and Accomplishment
Research Findings and Policy Recommendations

Policy Opportunity 2: Single building audits can be time-consuming and costly, and there is a
need for greater standardization and automation (Hsu 2013; Kontokosta 2013; Pan et al. 2014)

Research Finding 2: Municipal audit programs cost 10X more than benchmarking and disclosure
programs. NYC’s disclosure and benchmarking program costs $500-$1,500 per building. Auditing
adds $1.50 per m2. For 20,000 m?2 building, this is a cost of $30,000 (Hsu 2013, 266).

Policy Recommendation:

* Make public monthly energy usage data (broken down by fuel type).

* Develop a new, public, web-based, open-source retrofit analytical tools to screen for energy
and cost savings opportunities and identify ECMs using the minimal amount of data possible
(monthly utility bills, simple building characteristics, and weather data) for the US and China.

Communications: 2017 ECEEE Summer Study Paper: Lessons from the United States and China for
Increasing Transparency and Harmonizing Monitoring and Verification Practices in the Buildings
Sector.

Next Steps: (FY16): Finalize ECEEE paper; summary report and webinar on disclosure data points
for better retrofit identification to DOE, MOHURD, and key external stakeholders (NRDC, IMT,
CABR, CEP, etc.); (FY17 and FY18) identify data disclosure points for better M&V and EM&YV; (FY19)
pilot new disclosure policies; (FY20) quantify impact of new disclosure policies and disseminate
~results in US and China.



Audit Tool: Progress and Accomplishments

Draft US-China Intellectual Property Management Plan (IPMP)

= CERC 1.0 Benchmarking Tool being incorporated into Chinese national ~ Executive Summary of Opportunity

Code for Operation and Management of Central Air Conditioning e T « ,,,,,,
System GB50365. b “ .b =
=  First U.S.-China Joint IPMP drafted for the open-source audit tool. e T Relative range
5 L of savings

= Avideo showcasing the project is being developed.

LR ° o
Map of site ¥
locations !1‘ o

Summary of

Benchmarks

= US-China open-source audit tool work plan under development.
= Approach combines portions of JCI LEAN Tool with ASHRAE'’s e ———
Inverse Modeling Toolkit to develop a new tool in Python. D — L
$16,950,000 i
; Igd vidual Potential Performance
= Communications: e e ;
= 2016 ACEEE Summer Study Paper: Opportunities for Realizing - i .

Drastic Reductions in Building Sector CO, Emissions through U.S.-
China Collaboration.

= 2017 ECEEE Summer Study Paper: Lessons from the United States Gmm T »
and China for Increasing Transparency and Harmonizing

Fossi Fued
Trpieat
Goodd
vings 27,300, 0 Poor
A24
Savings
4 L] ®
®

Monitoring and Verification Practices in the Buildings Sector. ‘\| ¥ H Johnson /) 7)1('
nenvctey 2o G Controls

= Next Steps: (FY16) Sign IPMP and develop preliminary database;

. : ) ’ Potential Annual Savings by 2025 Total
(FY17) finalize database; develop audit tool source code in Python and

publish on GitHub; (FY18) develop web-based tool in China; evaluate

.. ) . . . ' ) Energy savings in U.S. and Chinese
opportunities for integration with US tools; (FY19) pilot projects in US

existing commercial buildings (EJ)

2.36

and China; (FY20) incorporate into US and Chinese national and — _
L4 Municipal programs. CO, reductions in U.S. and Chinese 14

2.14

existing commercial buildings (MtCO,)




Financing: Progress and Accomplishments

LBNL - IFC — Citi — ABC Collaboration Launch

15

International
Finance Corporation
WORLD BANK GROUP

citi ©IFc

& & £ 4k it

AGRICULTURAL BANK OF CHINA

Collaboration Focus Areas:

Develop and pilot new, innovative,
financial products.

e green bonds
e asset-backed securities

Green finance internet portal.

Information on leading-edge
technologies

Training program for bankers on EE
financing.

Data transparency policies and M&V
Tool.

Best-practices and case studies.

ABC study tour with Citi to US.

US: BlocPower Crowdfunding Model

External Financing

Project finance $800 Debt—

Returns to Lenders $800k + 4-8% —|

Projects yield 20-60% of energy bill savings

Capital

BlocPower

A

Returns 15-40% Equity $200k

Bloc #1
($1,000,000

Vehicle)

Special Purpose

y

Technology & Labor

—Contractor Paymen 151

Jorkforce Dev. Partner

Auditor(s)

Installer(s) —

Projects

Athanasius)

{Our Lady Queen
of Angels, Mt
Carmel School, St.

v

Contractor
Services

Chongging Building EE Retrofit Financing Model

Bank of
Chongging

[4———Loan Repayment

MOHURD and
Chongging
Municipal
Commission of
Urban-Rural
Development

Bank Credit———

Tongfang

Financing Loan repayment

——RMB 40/m? subsidies—|

Technovator

[4—80% of energy savings—;

—RMB 8/m® subsidies—#-

Constructionflocalized operation and maintenance

Local Companies

Property Owners

100% energy savings

in Chongaing

Projects




Financing: Progress and Accomplishments

US-China Bilateral Stakeholder Workshop

Key Barriers:

= Lack of structures to support assessment of EE project creditworthiness efficiently and at scale
(US and China).
= Lack of technical capacity for EE, data transparency, and M&V standards and tools (China).

Exploratory Solutions: Mao Qin, Changning
Low Carbon District

= Data transparency and benchmarking policies.
Building energy audit and M&V tool.
Standardized energy performance contracts.
Credit information products.

Communications:
= 2017 ECEEE Summer Study Paper: Lessons from Europe, North America, and Asia: Financing
Models that are Facilitating Building Energy Efficiency at Scale.

Next Steps: Li Deying, China
Association of BEE

= (FY16) Finalize ECEEE paper; summary report to DOE on barriers and solutions for building EE
financing; (FY17) develop program model; (FY18) conduct pilot activities with Citi, IFC, and ABC;
(FY19) city EE retrofit/financing pilot project; (FY20) training and tools for scale-up.

‘\‘ 0 m Colliers @7 NRDC m
INTERNATIONAL NATURAL R:SO ACES
w0 I B D $ O DEFENSE COUNCIL
BERKELEY LAB -

;BI&‘»NEP Johnson LUMENCACHE —-*‘k

Controls s

sainT-coeain  PWC

% D JJ T T
¥ Ant Ruiz, DOE
‘ s ﬁtfie(g tﬂ\'\nﬂ'u mEneE r DUATTRRIN S .\CA-%-E{E EN ERGY Re ntonio Ruiz

T mmam SPD F!ANK



US Industry and Global Benefits

17

US Industry Benefits:

v

Access to world class scientists in US
and China, resulting in accelerated
technology development.

First-hand knowledge of China’s energy
policies, plans, and programs, allowing
US companies to target their exports.

Intellectual property (IP) framework
that establishes clear and enforceable
guidelines for US companies in China.

Opportunity to build relationships and
influence technology standards in
China, increasing the competitiveness
of US companies overseas.

Expanded market for building EE in the
US and China valued at USS 60 billion
per year by 2025.

Global Benefits:

Innovative policies and tools to expand the market for
building EE technologies globally, generating both
environmental and economic benefits.

Demonstration of outcome-based code
implementation in the US and China to advance global
uptake (only a few global examples to-date).

Enhanced data transparency policies and an open-
source audit tool to facilitate cost-effective retrofit
identification, M&YV, and policy development and
EM&V globally.

Innovative financial products that leverage capital
markets to meet global building EE investment
requirements of $3.8 trillion by 2035 (Rugova 2016).

A system dynamics model framework that can be
applied to any country, or any region in a country.

U.S. DEPARTMENT OF Energy Efficiency &
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Savings Assumptions
_Technology/Tool/Poliey | ... |  China |

End use(s) impacted:
Residential and/or non-
residential:

Maximum potential
annual energy savings for
each end use by 2025, in
quads/yr

Percent maximum
potential annual energy
savings for each end use

by 2025, (2010 base year).

Maximum Annual CO,
Reduction by 2025
(Million tons CO,)

Percent realistic 2025
market penetration
assumption(s) (based on
2010)

Annual global market size
for proposed technologies
($ USD)

Commercial Heating, Cooling, DHW, Ventilation, Cooking, Lighting, Refrigeration,
Equip, Other.

Residential Heating, Cooling, DHW, Refrigeration, Cooking, Clothes Dryers, Freezers,
Lighting, Clothes Washers, Dishwashers, TV, Computers, Furnace Fans, Other

Commercial (New and Retrofit)

Residential (New)

Comm Heating: 0.2; Comm Cooling:0.3; Comm DHW: <0.1; Comm Ventilation: 0.2;
Comm Cooking: <0.1; Comm Lighting: 0.3; Comm Refrigeration: 0.1; Comm Equip:
0.2; Comm Other: 0.7; Res Heating*: 0.1; Res Cooling: 0.1; Res DHW*: <0.1; Res
Refrigeration: <0.1; Res Cooking: <0.1; Res Clothes Dryers: <0.1; Res Freezers: <0.1;
Res Lighting: 0.1; Res Clothes Washers: <0.1; Res Dishwashers: <0.1; Res TV: <0.1;
Res Computers: <0.1; Res Furnace Fans: <0.1; Res Other: 0.1 TOTAL: 2.5 Quads/yr
(sum of sub-items not equal to total due to rounding)

*Includes some fuel switching to electric heat pumps but assumes a fixed electric
grid emissions factor.

Comm Heating: 10%; Comm Cooling: 14%; Comm DHW: 5%; Comm Ventilation:
12%; Comm Cooking: 9%; Comm Lighting: 8%; Comm Refrigeration: 10%; Comm
Equip: 11%; Comm Other: 9%; Res Heating*: 1%; Res Cooling: 3%; Res DHW*: 1%;
Res Refrigeration: 2%; Res Cooking: 1%; Res Clothes Dryers: 1%; Res Freezers: 2%;
Res Lighting: 4%; Res Clothes Washers: 3%; Res Dishwashers: 1%; Res TV: 1%; Res
Computers: 3%; Res Furnace Fans: 1%; Res Other: 2% OVERALL: 6%

*Includes some fuel switching to electric heat pumps but assumes a fixed electric
grid emissions factor.

240 MtCO,e/yr

Savings above represent a realistic adoption rate. The Reinventing Fire analysis did
not analyze maximum technical potential. Rather, results represent realistic
incremental adoption of efficiency, above a reference scenario with EIA projected
business-as-usual efficiency improvements.

Commercial Heating, Cooling, Lighting, DHW,
Equipment & Plugs

Residential Heating, Cooling, Lighting, DHW, Cooking,
Appliances & Plugs

Commercial (New and Retrofit)

Residential (New)

Comm Heating*: 0.4 Quads/yr; Comm Cooling: 0.5;
Comm Lighting: 0.8; Comm DHW*: 0.2; Comm);
Equip/Plugs: 0.5; Res Heating*: 0.4; Res Cooling: 0.1;
Res Lighting: 0.1; Res DHW*: <0.1; Res Cooking: <0.1;
Res Appliances/Plugs: 0.1 TOTAL: 3.2 Quads/yr

(sum of sub-items not equal to total due to rounding)
*Includes some fuel switching to electric heat pumps
but assumes a fixed electric grid emissions factor.

Comm Heating*: 9%; Comm Cooling: 13%; Comm
Lighting: 14%; Comm DHW?*: 15%; Comm
Equip/Plugs: 16%; Res Heating*: 3%; Res Cooling: 4%;
Res Lighting: 3%; Res DHW*: 3%; Res Cooking: 1%;
Res Appliances/Plugs: 3% OVERALL: 7%

*Includes some fuel switching to electric heat pumps
but assumes a fixed electric grid emissions factor.

300 MtCO,e/yr

Savings above represent a realistic adoption rate. The
Reinventing Fire research collaboration between LBNL,
ERl and RMI did not analyze maximum technical
potential. Rather, results represent realistic
incremental adoption of efficiency, above a reference
scenario with only modest business-as-usual efficiency
improvements. Adoption rates based on official
Chinese government expectations.

~$60 billion incremental capital expenditures in 2025 in combined U.S. and China market (2010S$, non-discounted).



Project Budget

Additional Funding
FY17 Industry In-Kind
US Industry Partner cOntributign (SK)

75
100
100
100
1,073

Variances: None.

Cost to Date:

e (b) Funds received: $340,000

(c) Cost to-date: $241,598

U.S. Industry Cost-share

(a) Contributions to-date: $750,000

25
* (b) FY16 total: $1,000,000 1473
Budget History
FY 2016 FY 2017 FY 2018 — FY2020
(past) (current) (planned)
DOE Cost-share DOE Cost-share DOE Cost-share
340K 1M 400K 1.473M 1.2M 4.419M

U.S. DEPARTMENT OF Energy Efﬁciency &

21 EN ERGY Renewable Energy



Outcome-Based Codes and Impact Model:

Project Plan and Schedule

CERC-BEE Fiscal Year (FY): April 1 to March 31
Project Start: April 1, 2016
Project End: March 31, 2021

FY16 | BTO FY17 | BTO FY18 | BTO FY19

CERC-BEE ~ CERC-BEE  CERC-BEE = CERC-BEE  CERC-BEE
FY16 FY17 FY18 FY19 FY20

a1 |Q2 |Q3 |Q4 |Q1 |Q2 |Q3 |Q4 |Q1 |Q2 |Q3 |Q4 |Q1 |Q2 |Q3 |Q4 |Q1 |Q2 |Q3 |Q4

BTO FY20

1.1 Assess US, China, and International Outcome-Based Codes; Assess
Sensitivity of Operating Conditions on Energy Use Intensity (EUI)

1.2 Develop Methodology for Establishing Outcome-based Codes in
US Cities (e.g., NYC) Aligned with Current Code Efficiency o
Requirements D

1.3. Apply/Pilot Methodology for Establishing Outcome-based Codes
Aligned with Current (D1) and Future (D2) Prescriptive Codes . .

1.4 DOE and MOHURD Education/Training Materials o

1. Outcome-Based Codes

1.5 Recommendations for Expanding DOE Asset Score ’

&

2.2 Modify Impact Model to Project Demographic and Economic ‘
Factors D

1.6 Parameters for Model Energy Code in US / Chinese AEDG

2.1 Adapt Impact Model for CERC-BEE 2.0

2.3 Perform Policy Scenario Analysis and Share Results D’

2. Impact Model

2.4 Finalize Open-Source Impact Model and Deliver to DOE

2.5 Calculate Overall Impact of CERC-BEE Program

“D”: a deliverable during that quarter. “G”: a Go/No-Go decision
@ Milestone met on time. ¢ Missed milestone. Current/Future work g BREATRRIT OF
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CERC-BEE Fiscal Year (FY): April 1 to March 31
Project Start: April 1, 2016
Project End: March 31, 2021

Project Plan and Schedule

Data Transparency/Audit Tool/Finance:

3. Data

3.1 Solidify Partnerships

FYl6 | BTOFY17 | BTO FY18 | BTO FY19

CERC-BEE CERC-BEE CERC-BEE CERC-BEE
FY2016 FY2017 FY2018 FY2019

BTO FY20

CERC-BEE
FY2020

Q1/Q2|Q3/Q4/Q1|Q2|/Q3]|Q4|Q1|Q2|Q3 |Q4|Q1 Q2 Q3|04 |Q1|Q2|Q3 Q4

(D1), M&V (D2), and EM&V (D3).

3.2 Identify and Recommend Disclosure Fields for Retrofit Identification

3.3 Pilot in US and China (D1), Quantify Impact, and Share Results (D2)

o

4. Audit Tool

4.1 Develop Database

4.2 Develop Source Code and Publish to GitHub

4.3 Coordinate with US-China EPC Working Group

4.4 Develop Web-Based Audit Tool

4.5 Continue to Improve Tool Usability and Fix Bugs

4.6 Evaluate Opportunity to link tool to ENERGY STAR and Asset Score

4.7 Identify Common Technical Energy-Saving Measures

4.8 Pilot Tool, Quantify Impact, Share Results

4.9 Promote Uptake

p®

5. Finance

5.1 US-China Stakeholder Engagement Workshop

5.2 Evaluate Opportunities to Develop and Pilot New Solutions to
Facilitate Investment in BEE

5.3 Conduct Pilot Activities with Citi-IFC-ABC

X

5.4 Conduct City-level Retrofit/Financing Pilot Project

D.

5.5 Develop Tools and Resources for Scale-up

4

23

“D”: a deliverable during that quarter. “G”: a Go/No-Go decision

’ Milestone met on time. . Missed milestone.

Current/Future work
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