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Learn from countries’ experiences and perspectives on building energy codes,
particularly next-generation building energy codes and related issues

Develop key research questions and next steps for collaboration on building

energy codes
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13:45 - 14:45

Moderator: Takao Sawachi, Building Research Institute

How ‘New Technologies' are dealt
with in Building Energy Codes: Case
Studies from 13 Countries
Performance Approaches Paving the
Way for Innovative Technologies

Developing Emission factors for
Carbon Codes during a Clean Energy

Transition
From Energy Code to Carbon Standard

Discussion

Break

Takao Sawachi, Building Research
Institute

Michael Tillou,

Pacific Northwest National
Laboratory

Alex Ferguson,

Natural Resources Canada

Zhang Shicong,

Institute of Building Environment
and Energy

Moderator: Takao Sawachi,
Building Research Institute
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16:55-17:30

Moderator: Meli Stylianou, Natural Resources Canada

Introduction to Performance Gaps in
Building Energy Codes

Systems Performance and Gaps in
Building Energy Codes

Closing the building energy
performance gap in Australia’s
commercial building sector
State-of-the-art of Building Energy
Efficiency Codes in China for Operation,
Retrofitting, and Design

Occupants and building codes:
Challenges and future directions
Discussion

Meli Stylianou, Natural Resources
Canada

Meredydd Evans,

Pacific Northwest National
Laboratory

Helen Bell,

Green Building Council of Australia

Qingpeng Wei,
Tsinghua University

Liam O’ Brien,

Carleton University

Moderator: Meli Stylianou, Natural
Resources Canada
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Closing

17:30-17:55 Key research questions and next steps  Meredydd Evans
for collaboration

17:55 -18:00 Concluding remarks Meli Stylianou and Xudong Yang
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Types of exchange:
yP J < u&?
v" Research/analysis on innovative R
code practices N -

v Webinars on latest code
developments

v Quarterly newsletters highlighting
BECWG activities and emerging
research

v' Outreach/dialog to disseminate
findings and encourage
improvements and innovation in
oracices e ”

v" Free and open access 18 member countries. 69 Working Group members/delegates
and ~110 regular participants (webinars, newsletters)

https://www.iea-ebc.org/working-group/building-
enerqy-codes
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The BECWG developed three topical reports in 2023:

BECWG Activities: Topical reports this year

1) Scan of code requirements to address GHG emissions - June 2023
2) Climate resilience in building energy codes - August 2023
3) New technology integration in building energy codes - November 2023

Energy in Buikings and
Communilies Programme

International Energy Agency

EBC Working Group Final Report:
Scan of Code Requirements to Address
Greenhouse Gas Emissions

Energy in Buildings and Communities
Technology Collaboration Programme

June 2023

BUILDING ENERGY CODES '
WORKING GROUP =

Enaey in Euskding andl

Resilience Issues in
Building Energy Codes

BUILDING ENERGY CODES
WORKING GROUP ‘
Energy in Buildings and

Communites Programme

International Energy Agency

Survey on New Technology Integration in
Building Energy Codes

August 2023

Energy in Buildings and Communities
Technology Collaboration Programme

November 2023
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How “New Technologies” are dealt
with in Building Energy Codes:
Case Studies from 13 Countries

Takao Sawachi
Building Research Institute Japan
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How ‘New Technologies’ are dealt with in
Building Energy Codes: Case Studies from
13 Countries

Dr. Takao Sawachi
Building Research Institute, Japan
EBC Executive Committee Member for Japan, Chair

EBC Building Energy Codes Working Group Annual Symposium
14th November 2023 in Beijing, China
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Contents

1. About EBC Building Energy Codes Working Group
2. Why ‘New Technologies’ are focused in the WG

3. Questionnaires asked to respondents of 13 countries
4. Key findings

5. R&D Activities and Building Energy Codes
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1. About EBC Building Energy Codes Working Group

® Decarbonization to be realized by end-use energy reduction plus
renewable energy supply.

® “Tighter building standard and codes” has been the first priority (IEA 2012).

EBC has launched Building Energy Codes Working Group in 2019.
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Source: Net Zero by 2050, IEA, May 2021 (10'8Joule)
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2. About ‘New Technologies’ for Building Energy Codes

They are defined as technologies new for building energy codes.

It means that well-known technologies, which cannot be evaluated in
building energy codes, are also ‘new technologies’, here.

® For example, fuel cells for residential bldg. is not a new technology, but
natural ventilation and CO, control ventilation for non-residential bldg.
are new technologies for the Japanese building energy code.

Technology Collaboration Programme
by 1I2a
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3. Questionnaires asked to respondents of 13 countries

The primary objective of the questionnaire survey is
to learn mutually experiences on how to deal with
new technologies in building energy codes.

Responses from AU, BR, CA, CN, ES, FR, IN, IT, JP,
NZ, PT, SG and US were received.

Technology Collaboration Programme 5/13
by I2Q
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3. Questionnaires asked to respondents of 13 countries

List of 9 questions:

Question 1. Existence of a process to approve the integration of new
technologies in building energy codes

If answer to Q1 is “Yes”,

Question 2. Brief description of the framework dedicated to the approval
process of new technologies

Question 3. Links (URL) to documents related to the approval process

Question 4. Any barriers associated with integrating new technologies in
building energy codes

Technology Collaboration Programme 6/13
by I2Q
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3. Questionnaires asked to respondents of 13 countries

Question 5. Necessity of relevant testing standards for a new
technology to be incorporated into the building energy codes

Question 6. Availability of building energy simulation software to
assess the energy reduction by the new technologies

Question 7. Any procedures in place to validate the energy simulation
software for the new technologies in building energy codes

Technology Collaboration Programme 7/13
by I2Q
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3. Questionnaires asked to respondents of 13 countries

If answer to Q1 is “No”,

Question 8. Any barriers associated with integrating new technologies in
building energy codes

Question 9. Any future plans to produce a process to approve the
integration of new technologies in building energy codes

Technology Collaboration Programme 8/13
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4. Key findings

B Existence of any system to integrate new technologies
in building energy codes (Q1, Q2, Q3)

® 11 countries have systems for new technologies,
while 2 countries do not have.

® Even for the countries without the system, codes
are revised periodically.

® Even for the countries with the system, it takes time
(i.e., years) and cost to make new technologies
integrated in building energy codes.

® All countries have strict rules and systems to deal
with proposed new technologies.

Technology Collaboration Programme 9/13
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B Barriers when new technologies to be integrated in building
energy codes (Q4)

® The current codes are not ‘technology agnostic’ (not
dependent on a particular kind of technology), and new
technologies do not get ‘level playing field’ (situation where all
participants have an equal chance to succeed).

® Because it is necessary to protect consumers (building
owners, tenants, etc.), the process has to be cautious and
slow. The model proposed by the developer sometimes
cannot reflect the actual operation of the technology.

® Some code is performance-based and therefore ‘technology
agnostic’, but it is not always possible to update relevant
documents in a timely manner.

Technology Collaboration Programme 10/13
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4. Key findings

B Needs for testing standards and other standards when
evaluating new technologies (Q5)

® Performance of new technologies is often not well
understood. Testing and rating standards are often
lacked. It is partly because the cost of standard
development cannot be borne by the developers.

® The schemes to support the demonstration of new
technologies require IPMVP reports to validate the
performance of the new technologies.

Technology Collaboration Programme 11/13
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B Energy simulation programs used in the evaluation of new
technologies (Q6, Q7)

® There are simulation programs used for building energy codes

® ANSI/ASHRAE Standard 140, CIBSE TM33 and CIBSE AM11
are mentioned by plural countries as a requirement for
validating energy simulation programs.

® However, aspects of buildings and systems, which are dealt
with in the above-mentioned documents for validation, are still
very much limited. It is not possible to validate algorisms
developed for new technologies by using the documents.

® The validation of the simulation programs for new
technologies has to be taken care of in their R&Ds.

Technology Collaboration Programme 12/13
by I2Q
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4. R&D Activities and Building Energy Codes

® The Working Group of Building Energy Codes has been
launched in EBC TCP because building energy codes are the
most dependable tool to promote buildings of higher energy
efficiency.

® The EBC TCP’s Annexes are developing mainly practical
guidelines and design tools for targeted technologies. It is
strongly recommended that the targeted technologies are to be
integrated in building energy codes.

® It is highly recommendable that the research plans of Annexes
cover the development of relevant standards and the logic for
estimating energy consumption by the technologies, so that the
standards and logic can be utilized when the technologies are
integrated in building energy codes.

Technology Collaboration Programme 13/13
by I2Q
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Thank you very much for your attention

Technology Collaboration Programme
by 1I2a
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Paving the Way for Innovative
Technologies

EBC BECWG 5t Annual
Symposium
November 14, 2023

PNNL is operated by Battelle for the U.S. Department of Energy
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Topics
 Roadblocks facing new technologies in US Energy Codes
 Performance based compliance solutions
* Appendix G PRM
e TSPR - system performance
* Energy Credits
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Northwest  Challenges Facing New Technologies

 Prescriptive Compliance is the dominant compliance pathway

= Establishes criteria for individual building components that apply to all
buildings. (ie. Heating efficiency, fan power, lighting power)

» Does not consider interactive system effects

» Favors mature technologies that are broadly available from multiple
vendors and applicable across all building types.

* Development process
» Three-year code development cycle

= Consensus based process requires multiple rounds of industry
stakeholder input, public comment and development

» Prescriptive requirements must be shown to be cost-effective

R
g2
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Northwest Solution: Shift to Performance Based Compliance

AAAAAAAAAAAAAAAAAA

Performance based compliance pathways offer an opportunity for
new technologies to be more widely adopted.

Performance based compliance pathways
1. Increase flexibility
2. Capture interactive effects of system components

3. Allow the impact of new technologies to be captured without
specific prescriptive requirements.

4. Allow establishment of whole building energy efficiency targets.




7 Performance based solutions currently adopted

Pacific

Northwest  under United States energy codes

* Appendix G — Performance Rating Method — whole building simulation
compliance option

« HVAC Total System Performance Ratio (TSPR) — integrated, HVAC only,
system performance compliance option

* Energy Credits — additional efficiency requirements based on whole building
energy use or energy cost reduction.



Appendix G - Whole Building Performance Rating Method
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Pacific Appendix G — Performance Rating Method (PRM)

Northwest
What is PRM? Why PRM?
« Whole building code compliance pathway » The benefits of new technologies are fully captured.
» A proposed building design must * Allows supplemental energy calculations to be used
demonstrate lower energy use or cost than where a new technology is not yet included in
an equivalent baseline building. whole building simulation software.

Independent Baseline - varies by building
type and climate zone.

Challenges

Captures energy impacts of all proposed

: * Requires detailed whole building simulation of a
equipment and systems.

proposed design
Introduced for beyond code programs (e.g.

LEED) in 2004 and approved for code * Requires additional time for development and
compliance in 2016. review of compliance documentation.
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The Basic TSPR Idea Why HVAC Performance?
- Forget the question; “does it comply - A parti_cu_lar build!ng may have trouble with a
rescriptively?” prescriptive requirement
P ' * Trouble meeting fan power limits
* Instead; how much Heating, Cooling « Economizer difficult
can be delivered and at what cost per - TSPR allows trade off within HVAC system
HVAC service? — This is TSPR « Higher cooling or heating efficiency

* Pumping power reductions

» Compare the proposed TSPR to a * More DCV area where not required

target TSPR * TSPR results in equivalent energy input for a
 Allows equivalent tradeoffs within “good” system selection
HVAC prescriptive requirements « Reduces complexity of a whole building

analysis
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HVAC Performance Metric: Total System Performance Ratio

= Heating + Cooling Loads Delivered
TSPR Annual HVAC Operating Input*

* HVAC operating input can be in terms of energy cost
(ECI), use (site or source Btu’s), or carbon emissions.
The higher the HVAC loads output relative to HVAC input,
the more efficient the total HVAC system is.

Unlike a ‘Mechanical
Power Density’

limit, TSPR accounts
for part load
performance

TSPR is the HVAC system
performance for the whole
building HVAC system

(more like a seasonal heat pump
rating than boiler efficiency)

Seasonal Enet fficiency Ratio

15.0
—
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Northwest  HVAC Total System Performance Ratio (TSPR)

Compliance Calculation Tool

» Software tool provided by United States

Department of Energy (free) Detailed
R . . Energy
» Simplified tool, requiring limited user input, Model
to assess building HVAC system efficiency. ode
» Automatically generates compliance report
» Lighting, equipment and envelope loads same
as reference Block Based

» Does not predict actual whole building energy Simplified Model

performance of a proposed design
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How Do Energy Credits Fit?

Energy : .
. with a choice;
MLCUCI /\(ded Savings

Base
The core of Prescripti
the code .

Whole Equivalent to

Building L.
Performan base prescriptive

ce Paths plus credits

Prescriptive Plus:

New energy credits language requires projects
to select additional energy efficiency and load
management design features to improve overall
building energy efficiency.

Energy Credit Characteristics

» Wide range of credits
» May be experimental / new / load management

 Instead of prescriptive exceptions, pick an alternative
savings target

» Equivalency across the different credits
» Can support above code or incentives

« Each energy credit measure is assigned points based
on it's energy impact in different building types and
climate zones.
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Current Energy
Credit Measures

Over 30 energy credit
measures are included in
the latest versions of both
the Commercial and
Residential energy code in
the United States.

Energy Credit Measures

Efficiency Measures
* Envelope performance
* UA reduction (15%)*
* Envelope leak reduction®
* Add roof insulation*®
* Add wall insulation*
* Improve fenestration*®

HVAC Measures
* HVAC performance
* Heating efficiency
* Cooling efficiency
* Residential HVAC control
» Ground source heat pump*
* DOAS/fan control

Water Heating Measures
* SHW preheat recovery
* Heat pump water heater
« Efficient gas water heater
* SHW pipe insulation
* Point of use water heaters
* Thermostatic bal. valves
* SHW heat trace system*
* SHW submeters
* SHW flow reduction
» Shower heat recovery

*Only in IECC;
**Only in Standard 90.1

Improve Building Envelope

Improve Lighting

- -
Improve HVAC Efficiency

Renewable Energy

Heat Pump Water Heating

Lighting Measures
* Lighting dimming
& tuning
* More occupancy sensors
* Increase daylight area
* Residential light control
* Light power reduction

Power & Equipment
Measures

* Energy monitoring
« Efficient elevator

« Efficient commercial
kitchen equipment

* Residential kitchen
equipment

* Fault detection

* Guideline 36 controls™*

| Renewable & Load

Management Measures
* Renewable energy
* Lighting load management
* HVAC load management
* Automated shading
* Electric energy storage
* Cooling energy storage
* SHW energy storage
* Building mass/night flush
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AAAAAAAAAAAAA
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Benefits of “Energy Efficiency Credits”

Credit measures can offer more flexibility

Do not need to apply to all buildings

Niche oriented savings opportunities can be included
Does not require a custom performance analysis
Provides flexibility of choice to each project

Can mix options to achieve a target savings

Can include choices that may not be strictly cost effective

Deal with large-saving strategies that may not be appropriate for all buildings

Lays groundwork for future performance tradeoffs and target for smaller simple buildings
Each Credit represents ~1/10 % whole building energy cost

41
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Performance based compliance approaches allow new technologies a
pathway for energy code integration.

Appendix G PRM - Allows greatest flexibility for capturing the benefit of new
technologies, adds additional time and cost to a project.

System Performance (TSPR) — a simplified alternative to PRM for capturing
the impact of new technologies. System performance pathways are also being
developed for lighting and service water heating systems.

Energy Credits — allows credit for systems designed to exceed minimum
prescriptive criteria. Credits for new technologies can be added that are based
on the

42
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Developing Emission factors for
Carbon Codes during a Clean Energy
Transition

Alex Ferguson
Natural Resources Canada




Developlng Emission factors v

for Carbon Codes during a Clean Energy TranSItloq h
Housing & Buildings Group, CanmetENERGY-Ottawa November 14, 2023
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How will building codes
code adapt to changing

energy supply?

I * I Natural Resources Ressources naturelles Canada
Canada Canada
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Ressources naturelles

Canada is adapting our building
codes to support carbon

reduction policies.

‘Our approach is largely built on
phasing out fossil-fuels with
lower carbon alternatives.

L g
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Fraction of non-emitting power generation (%) *
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Natural Resources
Canada

Ressources naturelles
Canada

# Country Non-emitting Share

1 Iceland 100%
2 Norway 99%
3 Sweden 99%
4 Costa Rica 98%
5 Switzerland 95%
6 Kenya 92%
7 France 91%
8 Brazil 87%
9 Finland 86%
10 Canada 84%

We appear well-positioned
for this transition. In 2020,
Canada sourced 84% of its
electricity from non-
emitting sources.

i+l

Canada
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But Canada’s non-
emitting generation is not
evenly distributed. Some
provincial grids have very
low carbon intensity.

In others, electricity is
_ several times more

i carbon-intensive than
_natural gas.

.
F4 ;

Avg. GHG intensity

i+l
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Like other countries, we have a plan to decarbonize our electric grids. That
plan includes increased renewable generation
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3) Enhanced Distribution!
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2) More Wind!

1) More Solar!
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4) Carbon Capture ?

6) Small-scale nuclear ?

5) Bio-energy ?
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Low-carbon technology is expected disrupt other energy éupply infrastructure as
well. In Canada, renewable natural gas (sourced from biogenic or waste
resources) is already blended into our gas networks. Hydrogen-blending pilots are

also. operating in some parts of the country.
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These technologies don’t have to
be attached to buildings to affect

GHG Intensity Factor: the building code.

Most jurisdictions abstract utility
_ " W emissions using a GHG intensity
g COZ eqUJVlent / k h factor. Those factors reflect the
mix of electricity supplied from
fossil-fired and non-emitting

sources.

[ B4 |
I * I Natural Resources Ressources naturelles

Canada



1000 %3

Historical and projected data for
g, o NL/ | grid-emission factors highlight
= ) :
S 800 sy the changes expected during
&) A ) e,
E s »X()\é Canada’s clean energy transition.
2
g 9 In most regions, electric heating
2 500 is projected to be less carbon
£ 400 intensive than natural gas.
Q GHG
= 300 NW ﬁ intensity of
_§ f natural gas:
3 3656 "_I-KJ'\\//\\/\/ | . ] . 190 g/kWh
100 \/\‘
2005 2010 2015
Year *
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Timelines
for Code Impacts

2030 Onwards: Building Operation

[ o e e >
I
2023 2025 2030 2035
’ i : i ® 3
: i : - I
: : 2027: ! i L oz0.
! | Provinces, | I T =
: I Territories __i E AISE Sl e
i ] : B i break ground \iL_
i E begin to i e
: ] adopt the 1 2028: Mg
! i code !_  First buildings
: i . designed to
i 2023: 2025 ol
: Carbon code Vlelelc s
= Published

requirement
s designed

i+l

I * I Natural Resources Ressources naturelles Canada
Canada Canada



Carbon intensity of electricity (g CO,/kWh) *
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iod!
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500 |' For effective code design,
400 ; we need to know what the

[ IGHG future energy system will
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- OI\I;//\\VJ R | S —— 1190 g/kWh

Robust forecasts for 2030
and beyond are essential.
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Expected household emissions (Tonnes CO2/yr) *

Electric Heating & Electric Water Heater

LOW_;:;:;:Sity Mid—ér:}:jgsity High-intensity grids
The reliability of grid
e Current grid .. y & .
emission forecasts is
" potentially a major issue
. for low carbon code design.
6

Electrically heated
_O_|_|_|'|_Ela_t_e_(:ijk_e_f_e_|_e_ﬂ_c_e __________________________________________________ bUiIdingS Will prOduce
4 Natural Gas Heated Reference

"""""""""""""""""""""""""""""""""""""""""""""" more emissions if the grid
does not make progress

2
+ t I towards decarbonization
N N N . Future grid targets.
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YK NT NB&.. SK AB NS NU
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Expected household emissions (Tonnes CO2/yr) *
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Heat pump & heat pump water heater

Low-intensity

grids

Qil Heated Reference

4 |Natural Gas Heated Reference

2
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Energy efficiency can
mitigate those risks.

Better envelopes and heat
pumps further reduce
carbon emissions in all
electrically heated homes,
and reduce the potential for
increased emissions if grids
do not decarbonize.

i+l

Canada




Conclusions

1. Lower-carbon energy supply technologies will
affect building the building code, even if they
are not connected to the building!

2. Future-looking forecasts for are essential for
countries and jurisdictions with utilities that are
transitioning to lower-carbon energy supply.

3. Energy efficiency can mitigate the risk that
utilities won’t decarbonize as fast as
we expect.
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Thank-youl!

CanmetENERGY-Ottawa’s
Housing and Buildings team:

« Sara Azimi « Chris Kirney

« Martin Boulay Phylroy Lopez

« Sébastien Brideau Chris McLellan
« Sarah Brown « Hamish Pope

« Mark Carver « Julia Purdy

« Brock Conley Navid Shirzadi

« Alex Ferguson Ali Syed

« Sara Gilani « Jessica Webster
- Kamel Haddad

General Inquiries: Meli Stylianou
(Meli.Stylianou@Canada.ca)
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From Energy Code to Carbon
Standard

Zhang Shicong,
Institute of Building Environment and Energy
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China Academy of Building Research

China building energy efficiency and carbon reduction

code & standard system

Prof ZHANG Shicong
China Academy of Building Research

E-mail: zhangshicong01@126.com
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Institute of Building Environment and Energy

01 Development history of standard development

02 Major technical measures

A
/’7 03 Science and technology support standard compilation

R 04 Promote and support policies
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1T Development history of standard development

Mandatory standard

B [n the early 1980s, the former Ministry of Construction began to organize the work of building energy efficiency, and has established an
energy efficiency standard system that covers five climate zones, all types of buildings and the whole process of building.

B As of 2016, China's building energy standards have achieved 30%, 50%, and 65% improvement targets compared to benchmarks in the
1980s.In China's existing building stock, energy efficient buildings have exceeded 70%.

China Building Climate Zoning map
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1T Development history of standard development

Nearly Zero Energy

B In 2019, China implemented the first national standard to lead improvements in building energy efficiency. Building Efficiency
2016 as the baseline, the process of achieving a zero-energy building is divided into ultra-low energy(50%), nearly zero

energy(60~75%) and zero energy buildings(100%).

y, from renewable energy

h e\ R 4 50 E R A G Energy efficiency codes upgrading roadmap
P GB/T 51350-2019
— —
. |
Baseline History Future
& |
il s |
1T 2 B FE B SE AR i 1 | By the year 2030, NZEB development goal
Technical standard for nearly zero energy buildings | = & s+ g3 TS/ TEEmEmEEmEssEsessEEsmEmEm=- 1
e Y e ey BT 30% I 1+ 30% of the new building will be NZEB
JGJ26-86 | 1* 30% of the existing building will be 1
| 1 renovated to achieve NZEB |
GB50189-2005 | : *  30% of new building energy consumption :
» l N sl empbo ]
|

baseline buildings
2
&

Energy saving percentage compare to

A
JGJ26-95
GB50189-2015
65% -
JGJ26-2010 1 g1 Low energy building

5% Design standard for energy efficiency of T="1 _—

2019-01-24 %% 2019-09-01 527 == residential building in severe cold & I 1 1 Ultra-low energy building
82.5% 1d buildingdGJ26 - -
- ? — . | O- O-T : Nearly zero energy building

95% Design standard for energy efficiency of I O"O'-' M
FHARXMEEENASRED o, 0 o public bullding GRS0109 Zero energy building
B X & %5 B B E B 2R 100%

1980 1985 1995 2005 2010 2016 2020 2025 2030
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1T Development history of standard development

General code

B The implementation of the "General Code for Building Energy Efficiency and Renewable Energy application in building "
in 2022, which increases energy efficiency by 20% compared with 2016, is the first step in the mandatory standards
towards ultra low and nearly zero energy building energy efficiency levels.

B The code covers all building types in all climate zones and can better guide the implementation of relevant standards.

® Full-text mandatory

uDC
uwﬁgﬁ!‘mguu i AREMEEFFE G COde
_F.““-:“T'A;‘“_“ Severe Cold o — P GB 55015-2021
;E;%; i . .
\ Stvere Cold ® New and existing
FEF
# 1 BB 5 AT A RE IR A L AE A RLYE ® ; ;
General code for energy efficiency and renewable energy Res I d e ntla I a n d

e application in buildings
Severe Cold /™~

buildings

Hot Summer & Cold

® energy efficiency and

renewable energy

- 2021-09-08 &7 2022-04-01 3EHE

® 5 major climate zones

hEARAXNMEBEEFMESRER BaE

R WO LB EE AR and 11 subdivisions
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1T Development history of standard development

General code

B In order to achieve the overall goal of energy conservation, the contribution of various energy-saving measures is
decomposed reasonably, and the improved technical measures are given.

Improvement Energy efficiency Lighting power
Envelope Improvement Coverage area
ratio of equipment density value
Add the design index of
GB 50189-2015 20% 10%~20% 10%~45% 9%~12% , o

typical building energy

JGJ26-2018 1%~2% Same level Same level 9%~12% Same level

12%~20%
JGJ134-2010 30% more than 30% 9%~12%
Improved shading requirements

Add water supply and

10%~12% : :
JGJ75-2012 30% more than 30% 9%~12% drainage, electrical

Improved shading requirements ..
P greq indicators

JGJ475-2019 30% 5%~20% more than 30% 9%~12%

GB1245-2017 15% Same level 10%~45% 9%~12% Same level
67 /28



1T Development history of standard development

Zero carbon

@ FEARSEEEARS @R

B B3 aF

Ministry of Housing and Urban-Rural:

Construction carbon peak implementation plan e
. . EEMESERE ERRBNEEXT
*  Explore zero carbon community construction DRI iR DA R
(2T AE)
Promote large-scale development of low carbon buildings and . ‘
bk 2tV R RIS )T
encourage zero carbon buildings and nearly-zero energy buildings, T

. . . FEYEHTEREEE, BsRRSRRBHERRL S 21 SRER
«  Guide ultra-low energy buildings in cold areas to no longer use SELNHAL SEE, ATARMEZLI R, WERAT
REARR P RARTE, SHALARARKIHENK, WE
muniCipaI Central heating fﬁﬁ%bﬂif%ﬁéﬁ%&&iﬁﬂiﬁr ‘ef'eﬁ(‘d’#q:r:_;f:s:faﬁf-%g
RRLTWRAMFAREZAM TR AEH PR T HEHERL) (2030

FWMHERITH T E), BEATETE,

«  Encourage the construction of zero carbon agricultural housing by C ssms
(=) 528, AR HFHRPEHEHLELERY
2030 #%, 2ERMENTALARTAEI AL HR, EARM

HFEAXAER, HREPR, DHERKEHEF, EHBPR
HIELEE, TRFARNE, TB, BA. 2EHUFLE
EBh, WRAFARER, BEREx0E. THRE, RPRE,
BEFALG aRMERE, BRAGAL, AHFARPZ L, UK
ERKL RN, BRARTEFHRTHT SN RRATH, s

 Develop and improve standards for zero carbon buildings.
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Development history of standard development

Major technical measures

Science and technology support standard compilation

Promote and support policies
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2 Major technical measures

Building envelope

O Vacuum insulation board, aerogel board and other new insulation materials gradually applied; The new insulation system (insulation
structure integration) is becoming mature.

O In recent years, the performance of the mainstream exterior window has decreased from 3.0W/ (m-K) to 2.0W/ (m-K). The heat
transfer coefficient of the high-performance external window reaches 0.8~1.2W/ (m-K), and the cost is reduced by more than 50%.

O External window sunshade technology and products have made remarkable progress, and their applications are becoming more
and more extensive. Air tightness, no thermal bridge, energy saving frame and other envelope construction and external window

installation technology gradually popularized. s GB/T 25975-2010

\ EPSEWX 1G 143-2003 JORESEARRIEIR  JC/T 2200-2013

R EPSERIRIEZEL  16) 144-2004 BZ IR 1G/T 438-2014
EPSHRINFESRL )G 158-2004 FABEAR  JC/T 2265-2014
EPSINZZ M ZRARELZOR &L GB/T 20473-2006 %ﬂﬁkﬂi%% JC/T 647-2014

MR EEEPSINZ AR GB 50404-2007 ,’i’?ﬁs GB//T 33500-2017

SITSE Ry JG/T 536-2017

s RIBIEIHIR  1G/T 287-2013

B35 PUR _ RmERY
PURAR REBI KEEIR  JGI/T 350-2015

v
2009

.
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2 Major technical measures

Energy equipment

O On the basis of the substantial reduction in the energy load of the building body, efficient air conditioning equipment, energy recovery
elevator, efficient lighting and other measures are adopted, combined with intelligent operation and maintenance, to reduce building
energy consumption and carbon emissions.

High energy efficiency Intelligent operation and

equipment maintenance

First class energy efficiency cold source « Through the digital intelligent
heat unit

High efficiency heat recovery fresh air
EC fan, High energy efficiency pump
Energy feedback elevator

energy platform, we can better
control the energy waste in the
building operation process and
reduce carbon emissions




2 Major technical measures

O Heat pumps are the best technical path to achieve zero carbon in the thermal field. According to the calculation of China's current
power emission factor, when the efficiency of the heat pump reaches 5.0, the carbon emission is only 50% of that of the gas boiler,

and the emission reduction potential will continue to increase with the continuous improvement of the cleanliness of the power grid..

Electric heat COP=5 31.7
ectric heat pump( ) The electric power emission factor is 0.5703kgCO,/kWh

Electric heat pump(COP=4) 39.6

Electric heat pump(COP=3) 52.8

Direct electric heating 158.3
Condensing gas boiler(98%) o7.4

Gas-fired boiler(90%) 62.6

Oil-fired boiler(90%) 86.1

Coal-fired boiler(75%) 123.3
Coal-fired boiler(65%) 142.3

Loose coal combustion(30%) 308.3

0.0 50.0 100.0 1500  200.0 250.0 300.0 350.0
kgCO2/G) 72 /28



2 Major technical measures

Building photovoltaic

B The efficiency of photovoltaic modules continues to improve, the average photoelectric conversion efficiency of
crystalline silicon reaches more than 20%, the film cell reaches about 13%, and the cost of photovoltaic modules

continues to decline.

R . . —. . —

[Product type] Crystalline silicon includes monocrystalline silicon and polysilicon, which are

solar cells made of high-purity monocrystalline silicon rods and are mostly used for building

LR AR T e T SR Y

roofing.

[efficiency] In the crystalline silicon photovoltaic modules developed in the laboratory, the

D G S S — —— — —
L o T S

LR R T SR S R S

efficiency of monocrystalline silicon cells is the highest 25.0%, and the efficiency of

Single crystal silicon Polycrystalline silicon _ - : :
S yer polycrystalline silicon cells is the highest 20.4%.

[Product type] The common types of thin film batteries mainly include copper indium gallium
selenium thin film batteries (CIGS), cadmium telluride thin film batteries (CdTe) and amorphous

silicon thin film batteries, of which cadmium telluride thin film is the most commonly used.

[efficiency] The efficiency of copper indium gallium selenium thin film (CIGS) cells is 19.6%,

cadmium telluride (CdTe) thin film cells is 16.7%, and amorphous silicon (amorphous silicon)

Film module thin film cells are 10.1%.
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2 Major technical measures

Building photovoltaic

m With the application of distributed energy system is gradually increasing, and the development of renewable energy

application, energy storage technology and interaction technology with the power grid will accelerate.

heat source

—————————— |
| | = - . I
e ] I
EL: s o | Cold and
I
! !

Air source
- L__ _heatpump _ _heatpump 77" _ |
— X —

Coordinated ot

optimization | .-
E o P E) - ~ l— ———— E— — 7/
air conditioner
: =3¢
! B

Adjustable
load e

9 B Qs

LED computer appliance!

| S——— PR—

Electric load

e ———— — — — — —

Photovoltaic. _ ﬁ JPtas
power RS

generation storage

Power supply
system
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01 Development history of standard development
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3 Science and technology research and development

Two cases of science and technology research and development support standards

fAE A R 70 E E R AR A G'

P GB/T 51350-2019

I F R B ASRUE

Technical standard for nearly zero energy buildings

B Standard name: Technical
atandard for nearly zero
energy buildings

M Supporting project: Nearly-
ZEB key strategies and

2019-01-24 %% 2019-09-01 SCiE

technologies development
FEARIMEEEMNH S 288

B x5 L EEE g g PORD

B Time period: 2016-2019

IR RSCRIE R R GB
P GB/T xxxxx — 202x

FHBHIADATAE

Technical standard for zero carbon
buildings

(2023411 H6 H XEFEH)

20xx-xx-xx BAF 20xx-xx-xx IEHE

i A\REAE BN S G
ExmTHEEEERER

BRE&ET

B Standard name: Technical

atandard for zero carbon

buildings

B Supporting project: zero

carbon building control
indicators and key

technologies.

B Time period: 2022-2025
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Case 1: Technical standards for nearly zero energy buildings

The 13th Five-Year National Key R&D Plan Project

Program undertakers: China Academy of Building Research

ABRA: PEEFAMZERREERAF

Program period: 2017/07~2020/12

IEITEARR: 2017478 20205128

Research Fund: 120 Million RMB, Government Funds 33.73 Million RMB
MBEZ%E42%11973A 7w, EHREMEZEE3Z373A T

Participants unit: 29 agencies 258 {i: 293K
Projects: 10 iRERXI%: 10

Participants: 143 researchers

IMBSmMAL: 143N

Senior title: 75, Middle title: 54 PhD: 52, Master: 56

3 Science and technology research and development

FE 2 HENIEERP 0N

BECRSFROITNS §

AXFEREAMEH I REBRBREAT L
EAEW 2017 SEFEW B L We i@ W

£ H K RRIEED

HERSHFHY-PELEARSNT S8 =420 2017
ERAASMIMES TR, RETMAIE LY

FAMCETRADEEAHFHFRE RS FIOET
SR (MECM4) NE) (2FF o MEHEHE (6
N ALL)FPEAEANED (HE (2004] 64 F ). (R T
-SRBFRMBAAAEIRLTFTHIGURAETER (b o
®(20016) 505 L (EEE ST E TR E gy (FHE
#L20171 152 &) CPEEAVE L E4 TR0 (MY
# 02016) 113 5 ) AVALERME CnEEESFR e
HAAADEHESER, JRELTE GRE) RESHTFAF

B The only voluntary standard supporting building energy efficiency to a higher level in the 13th Five-Year Plan green building and
Building industrialization project: Nearly-ZEB key strategies and technologies development .

B The project focuses on the further improvement potential of major technical measures, the development of products with higher
technical performance, and the study of energy-saving effects under different technology combinations.
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3 Science and technology research and development

Case 1: Technical standards for nearly zero energy buildings

O The project completed a series of high performance key product parts 21 items. Research and development of thermal
conductivity <0.0035W/m-K vacuum insulation external wall materials, overall thermal insulation coefficient K<0.8W/(m2-K) doors
and Windows, fresh air integrated machine and other core products, the performance indicators reached the international
advanced level and 100% localization.

Windows

Heat pump type efficient fresh air integrated machine
AR Thermal insulation material
Composite phase change regenerative heat exchanger /
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3 Science and technology research and development

Case 1: Technical standards for nearly zero energy buildings

O The researchers conducted a comprehensive analysis of the technologies developed by the project team and industry-related energy-
saving technologies, and sorted out the list of new technologies currently available in the industry.

O Eight typical building models are established, parameter indicators of new technologies are input into the calculation model, the energy-
saving effects and economy of different technical measures on different buildings in different cities are calculated, and whether they are
suitable for inclusion in the standard and the limit requirements for their performance parameters after inclusion in the standard are

determined.
Large office: Large office: Large hotel: small hotel: . . " i
27,000m’ 8,600m? 34,000m? 8,700m? 450 weather stations ',

mall: hospital: school: dwelling:
30,000m? 22,500m? 15,400m? 12,700m?

--------

CONES

3 servers,
a total of 4300 hours,
450 cities to solve the technical and economic optimal solution
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3 Science and technology research and development

Case 1: Technical standards for nearly zero energy buildings
B Different from the prescriptive indicators of traditional energy efficiency standards, the indoor environment parameters and building energy

efficiency indexes of near-zero energy consumption buildings are taken as the core discriminating conditions.

B The nearly zero energy building adopts the performance-based design method, and achieves the final energy efficiency goal through the way of

"passive priority, active optimization, and renewable energy replacement".

Residential building energy and air tightness index erf:irgr:;;nce
BREEGAE <55 (Why (m*a)) <68 (kgce/ (m?~a) - [
SEHR FEER | mAK | BAES | BMMR  BREE
HERFREAE(KWh/ (m?-a)) <18 <15 <8 <5
EIRANA . "
Frwx — | A AR 2. enewabple
tagEts | PULFRICEKWH (m?a)) eneray iy Excellent air
o] Nk Buildi ullding energy q
BRSEME (BRSIRENs,) 0.6 <1.0 utilization u;a\;ir:]gge;;\fergy efficiency Shefsees
T EAERSRRIER (%) >10% improye'ment rate
P
Public building energy and air tightness index \ a
BRGATE (%) >60% . Airtightnessof  Utilzation
Slen X FENR | ESHR | BAKYS | EAKE | EMX building envelope  ration of RE
ALK ERARTIREER (%) >30% >20%
LG b,—\ . e
R | e () €10 —
o] BERERFAER (%) >10%
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3 Science and technology research and development

Case 1: Technical standards for nearly zero energy buildings

O However, due to the application and implementation of nearly zero energy buildings need to increase investment in buildings,

there are obstacles to their promotion.

O Therefore, in the early stage of promoting high-performance buildings such as near-zero energy buildings and zero-carbon
buildings, local governments have provided some financial incentives or other process support to stimulate the enthusiasm

of owners to build nearly zero energy buildings.

Foii-cics
He
bei

He | Shan
nan | dong

Provinces

1 Planning objectives

2 Monetary subsidy

5 Land use guarantee
6 Advance sales

Process optimization

9
Price float for
10 .
commarcial housing

Incentive
Measures

Tax preference

1 Housing fund reward
12 Reduction anq exemption of
supporting fees
Floor area
ratio
reward

13 Rewarding priority

14 Tax preference

Refund of related building &
construction funds once collected

Jiang | Bei

su

Jing

Ning | Urum | Tian

Xia

qi

Jin

Hu
bei

Hu
nan

Shan | Guang | Shang Number

xi

dong

hai

Grade
30 A
25 C
14 B
8 A
8 A
7 B
6 A
5 B
4 A
4 B
4 B
3 c
2 A
2 B
1 H
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Case 1: Technical standards for nearly zero energy buildings

016-2020)

ST PRACTICES

Bex (&) CC

#HE/

3 Science and technology research and development

B By the end of 2022, 30 million square meters will be promoted nationwide.

450
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2012201320142015201620172018201920202023

B number ss3reg
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1500
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FIK
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EFER/ ¥

B With the support of the policy, the scale of the near-zero energy building industry has gradually increased, and
the incremental cost has gradually decreased.

\
’
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3 Science and technology research and development

Case 2: Technical standards for zero carbon buildings
B During the "14th Five-Year Plan" period, in order to support the establishment of zero carbon building technology system and

standard system, and promote the healthy development of zero-carbon buildings, the Ministry of Science and Technology has set
up a national key research and development Plan project in 2022: Research and application of zero carbon building control

indicators and key technologies.

The 14th Five-Year National Key R&D Plan Project EET 220

‘+IE" BREAREUTE

Program undertakers: China Academy of Building Research FRERIEHERRXEEATRSNA
s BRI EBXRARCIES
7¥K*E$11L ':FI .i_ %’I’%ﬁﬂﬁ[‘]‘tﬁﬁﬁ/\j 2ERFE BHAN
Program period: 2022/11~2025/10 n‘:q- 'J "*r I @
RERTEM: 20226 & 18l & [0 [
~ =152 I

RERATE: 20226118 202546108 e m" I1| X

R h Fund: 23.96Million RMB, G t Funds 11.96 Million RMB 3_- i
esearc una:. . IHon , aovernmen undas . 1l 8 4 =07 | E = il
, l' ! B @

MEAHRREH2396HT, HPEHEHI1967 T T T e i |
Participants unit: 10 agencies 258 {i: 103K
Projects: 5 1RERXIST

Participants: 90 researchers

INEEMAZ: 0A

Senior title: 44, Middle title: 28 PhD: 24, Master: 53
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3 Science and technology research and development

Case 2: Technical standards for zero carbon buildings

B Building energy efficiency and carbon reduction technologies continue to develop, but the demand for building use time and
comfort gradually increases.

B The "14th Five-Year Plan" project will carry out research and development of a new generation of low-carbon technologies under
the background of continuous improvement of power grid cleanliness, continuous improvement of heating heat source cleanliness,
continuous enhancement of renewable energy utilization in buildings, and gradual improvement of building comfort.

B2 HEEn Wl PR BEBER

EFPERRARA See— gy |
1. Coordinated development of energy conservation and carbon FRuENA S o
StEESHIER
reduction standards St EpRER |
. . . S BEEREA *_l_'
2. Energy saving and carbon reduction technology maturity Ny S— RAE S
assessment RARRMTA — e
BHEEBREAER F_-Jﬁﬁ”ﬂ
3. Energy structure transformation development trend BABMZEER -——J—————-! .
A TFESAEHH A E S BER Py S
4, low carbon building and regional key technologies and future KRR —
d | t S REEBRHBER ::::1--1
evelopmen R R SRR e——— RN EES
5.  Research on key factors influencing building/regional carbon RIS, NRIORTNREIE ""'"'""*"**:**“m"r
TREEBESENAEREDRSRBEER ---h--wmmﬁ
emissions FoESSHANEHARA Sess— —
FOEEEMERRY —— 2y |

6. Building/district carbon emission control indicators

WMEME 2ETR DRMBR PRMER =BREEA
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3 Science and technology research and development

Case 2: Technical standards for zero carbon buildings

B The project team collected 16 buildings from across the country, covering all climate zones in China. Each building
needs to demonstrate the application of a new technology, and provide long-term operation monitoring data to judge
the implementation effect of the new technology.

B Technical measures with significant carbon reduction effects and high economic benefits will be included in the
standard.

pC
1 L N ]| e GB
! = =T ol ] . ) | e P GB/T xxxxx —202x
: _ ERBREEEEEME T IEFEAMNAESEERE tFEHHEE “"FEF FRERE7 SR A
EFHRERTIREENET  gghoSwERR PR BITEGTIRE-METE  ran DA
EEIEIEFEESESESERE $ﬁﬁﬁﬁ7ﬁﬁt?&
' Technical standard for zero carbon
ki buildings
P11l i :q; Ae6H %ﬁ‘ﬁ
= y 202311 A 6
EMEHFFREFRA SHES ( )
ERE R
FI EFRAERE
: IERERSIRG
22 170 DL
_ -'—ﬁ}\
FESRRERE gtz EMNELI=S EMRERPEES  —
%WZEE‘FI‘;‘ iﬁmﬂilﬁﬁ Em%ﬁﬁlﬂiﬁm’a‘f& 20xx-xxX-XX ﬂ 20x x-xx-XX ﬂ
e e WS rox o BTIE (BIME) &8
i A RHFEE B £ 25 pant

ExXxmHEEERELER
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Development history of standard development

Major technical measures

Science and technology support standard compilation

Promote and support policies
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4 Promote and support policies

O Alarge number of monitoring data prove that nearly zero energy buildings and zero carbon buildings have
remarkable energy-saving and carbon reduction effects.

O Promoting the large scale development of nearly zero energy buildings and zero carbon buildings has been

included in a number of central government documents.

| No. | lssueddepartment | Poliy | Date | Mancomtent

Opinions on Fully, Accurately and
Comprehensively Implementing the New
Development Concept and Doing a Good Job
in Carbon Peaking and carbon Neutrality

CPC Central Committee
The State Council

The State Council Action Plan for Carbon Peak by 2030

CPC Central Committee Opinions on Promoting Green Development of
The State Council Urban and Rural Construction

Implementation Plan for Synergistic Efficiency

7 rtment
SIS in Pollution Reduction and Carbon Reduction

Ministry of Housing and
Urban-Rural Development
National Development and

Reform Commission

Action Plan for Carbon Peak in Urban and
Rural Development

Ministry of Housing and
Urban-Rural Development

14th Five-Year Building Energy Efficiency and
Green Building Development Plan

Ministry of Housing and
Urban-Rural Development

General Code for Energy efficiency and
Renewable Energy Use in buildings

2021.09

2021.10

2021.10

2022.06

2022.07

2022.03

2022.04

Accelerate the large-scale promotion of ultra low, nearly zero and low carbon
buildings

Accelerate efforts to improve the energy efficiency of buildings and promote the
large-scale development of ultra-low-energy and low carbon buildings
Promote ultra-low and nearly-zero energy buildings and develop zero carbon
buildings

Take multiple measures to increase the proportion of green buildings and promote
the large-scale development of ultra-low-energy buildings and nearly-zero carbon
building

promote the large-scale development of low carbon buildings and encourage the
construction of zero carbon buildings and nearly-zero energy buildings

Operation energy consumption was controlled at 1.15 billion tons of standard coal;
Promote ultra-low energy buildings and zero carbon buildings, and comprehensively
improve the development level of building energy efficiency and green buildings.
Carbon intensity of new residential and public buildings was respectively reduced by
an average of 40% based on the energy saving standards implemented in 2016, and
the carbon intensity was reduced by 7kgCO2/(nf-a)
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Start the research
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2025
Mature technical system
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20304
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“

2035
100% new buildings
100%FTEEEEH
2060
100% existing buildings
100% G

4 Promote and support policies

1.2022-2025: Establish technical index system

B RAEIRE R

Boundary Heating | Ventilation Cooling ‘ Lighting Hot water ‘ Elevator Plug loads Cooking

Code/Indicators A B 5t

Bengn sandardor snerry
wiicaney sfpubc buldngs

overall

\ implementation /

HRIRIASE AT

Basel ——Design standard for energy efficiency
of residential buildings in severe cold
&

JGI26-86
50% -
65%

75% ;
82.5% | IGI26-2018 |

JGI26-2010

Energy Efficiency Percentage

1% step: Ultra-low emergy
20 step: NZEB

Zero,carbon
i . L

1980 1990 2000 2010 2020 2030 2040 2050
Year

2.2025-2030: Mature technology and industrial chain

During the 14th five-year Plan period, a zero carbon building technology standard system will be established to guide buildings to save
energy and reduce carbon.
Nearly zero energy buildings have moved from pilot demonstration to large-scale promotion, and the government should increase policy
support to further promote industrial development, so as to gradually incorporate relevant technical measures to achieve nearly zero

energy and zero carbon buildings into mandatory standards.
By 2030 to 2060, all new and existing buildings will have zero carbon emissions, and the construction sector will be carbon neutral.
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Session 2:
Performance Gaps in Building Energy
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Building Energy Codes
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Systems Performance
and Gaps in Building
Energy Codes

EBC BECWG 5t Annual
Symposium
November 14, 2023

PNNL is operated by Battelle for the U.S. Department of Energy




o

Pacific

Northwest CO ntents

NATIONAL LABORATORY

Key challenges with performance gap issues

Typical paths for code compliance
= Prescriptive vs. performance-based codes
*= Problems with reliance on prescriptive
» Transition to performance-based codes

Performance gap issues in performance-based
codes

US code program activities to support transition to
performance-based codes
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% Systems Performance and Gaps in Building

Pacific

Northwest Fne rgy Codes

AAAAAAAAAAAAAAAAAA

« Performance gap issues in building
energy codes present significant
challenges for range of reasons

1. Misalignment between design and
operation

2. Lack of accountability and Enforcement
Challenges

3. Compliance vs. Performance

» Reducing performance gaps in codes
benefits both the environment and
building occupants by improving energy
efficiency and reducing costs
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o

Pacific

Northwest  Typical Paths for Code Compliance

NATIONAL LABORATORY

Prescriptive Whole Building Performance

Proposed
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 Prescriptive approach is reaching a point of diminishing returns
* Uninsulated wall + R-20 reduces heat loss by ~87%
» Adding an additional R-20 reduces only ~10% more

= Current LED to theoretical limit could improve efficacy by another 165
Im/W but will only reduce power consumption by a little
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Northwest  Problems with Reliance on Prescriptive
* Prescriptive path does not prescribe energy use or recognize good design
choices
= Multitude of prescriptive options — each judged independently
= Each combination chosen results in very different energy use
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« Wide variation in energy outcomes with prescriptive compliance

Varying just six parameters for:
* Medium Office Building
* Climate Zone 5A
* 14% variation in annual energy cost * Window frame:
metal-> non-metal

Window-wall ratio (WWR):
25%—>40%

« HVAC size:
small - large

* Roof insulation:
above deck - below deck

« Wall type:
steel frame = mass wall

Combination Occurance

* Heat source:
electric > natural gas

0.89 0.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1 1.01
ECI $/square foot/year
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« Unlikely to meet aggressive savings targets — Net Zero by 2030 (ASHRAE, AlA)

Improvement in ASHRAE Standard 90.1 (Year 1975-2016)
Courtesy of Pacific Nortwest National Laboratory
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+.5% ] Performance Target

N

4%

3.5%

3% -
2.5%

2% -

Combination Qccurance

1.5%

1% -

0.5%

0%
0.89 0.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1 1.01

ECI $/square foot/year
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Usability

Complexity * Time and cost intensive

» Designers like the simplicity of
prescriptive requirements

Lack of Prescriptive Solutions

Difficult to Verify Compliance ® Hard to check models and match to
design

Stringency

. Trade-off between long-lasting
envelope measures and shorter-lived
HVAC controls

Allows Unequitable Trade-Offs

Policy Goals Standard metric of cost conflicts with

Metrics < many state and jurisdiction goals of
electrification and decarbonizaiton




Pfif;c Performance Gap Issues in Performance-based

Northwest (Codes

AAAAAAAAAAAAAAAAAA

* Model Accuracy: inaccuracies in models can lead to performance gaps

« Assumption Errors: accuracy of performance-based codes is contingent
on the correctness of assumptions made during modeling (e.g.,
occupancy patterns, weather data, and equipment efficiency)

- Behavioral Assumptions: The assumed occupant behavior might not
align with real-world usage

* Monitoring and verification: typically resource intensive and costly to
implement

- Data availability: adequate data on building performance and energy
consumption might not always be readily available

PNNL code program activities to support a smooth transition to
performance-based codes are highlighted in the next few slides

104
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» Simplified Energy Modeling Ruleset (SEM) — New Project 2019-2022

» Appropriate for small, simple buildings — 50% of non-res buildings <5,000 ft2

* Reduces modeling time and cost
« Standard Appendix G model for 50,000 ft2 project can require 75-100 hours
» Simplified Energy Model using Asset Score Tool may be 5 hours

Typical App G Energy Model Asset Score Simplified Model

«

N
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Model Submittals

Stakeholder Survey

Q: Near term tools and resources to
facilitate performance-based
compliance?

Other Standardized
13% reporting
template
50%

Submittal
review
manual

Modeler
qualification
requirements

10%

Submitttal
review
checklist

Source: Karpman, Maria, ‘High Priority Tools to
Facilitate Compliance with ASHRAE Standard 90.1
2016 Section 11 and Appendix G’

Verify Compliance - E

nsure Accurate Performance

Solution
1. Developing standardized compliance
documentation to help jurisdictions verify the

accuracy of performance-based compliance
» Reporting template and checklists
« Submittal review manual

Building Energy Codes  pacific Northwest
f

R o 'DEPARTNENT OF ENERGY NATIGNAL LABORATORY.

Version 1.01b, Published 7/17/2020
GENERAL INFORMATION
1. This Compliance Form may be used to document compliance following ASHRAE 90.1 Section 11 and Appendix G.

2. This Compliance Form has the following features to assist energy modelers in developing the ASHRAE Standard 90.1 Appendix G and Section 11
baseline/budget and proposed design models:

a. built-in calculators to convert project information into simulation inputs

b. many cells are auto-populated based on the appropriate 90.1 requirements.

3. This Compliance Form provi lue to the project team if it i the energy modeling. If the
‘energy modeler and project team waits to fill out the Form until near the completion of the building design, the team may discover that some ASHRAE
90.1 requirements have been overlooked, some modeling requirements have not been addressed, and additional time may be required to revise the
model and/or design to show compliance.

4.1f you have any questions or comments regarding the form, please contact htps://www.energycodes.gov/HelpDesk
HOW TO USE THE COMPLIANCE FORM

Step 1: Enable macros
In order for the form to function correctly, when prompted with a Security Warning, enable macros by clicking Enable Content (Excel 2010, 2013) or by
clicking Options -> Enable this content (Excel 2007). This tool is for use with Excel for Mac 2011 and Excel 2007 or later.

Step 2: Complete input tabs
1. Use the "Dashboard” tab as a home base to navigate to other tabs.

2. Complete the "General Information” tab before any other tabs as selections on this tab willtrigger or hide project-specific information and tabs.
3. Complete other input tabs sequentially.

Step 3: Transfer simulation outputs into the Compliance Form
1. The simulation results may be transferred from the Building Energy Modeling (BEM) tool into the Compliance Form by copying the standard reports
generated by the BEM tool into the appropriate tab of the Compliance Form. The appropriate tab (e.g. “Results from eQUEST" or "Results from Trace
700") will automatically become visible when the software tool is selected on the "General Information" tab, and includes the tool-specific instructions
provided by the tool vendors. The following BEM tools are supported: EnergyPlus, eQuest, Openstudio, Trace3DPlus, and
Trace 700.

2. 0n projects that used other BEM tools, the simulation results must be manually entered on the "Compliance Calculations"” tab.

Step 4: Fill out Submittal Checklist tab
Fill out the Submittal Checklist tab and ensure that all necessary project materials along with this Compliance Form are included in the package
submitted to the jurisdiction or above-code program for review.

Available at:
https://www.energycodes.gov/performance based compliance#tools
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» Stakeholders have expressed the desire to maintain simple, prescriptive solutions
= Precalculated Prescriptive Packages
= Able to target performance Levels
» |ncludes precalculated trade-offs

Precalculated Packages for Office Buildings 5,000 to 150,000 fi2 (450 to 14,000 m?) in Climate Zone 5A
Compliance with the Precalculated Package Path method requires that all parameters for one package in the table below
be met in addition to the following:

1. All mandatory requirements of Standard 90.1-2013 must be met.

2. All prescriptive requirements not covered below must comply with Sections 5 to 10 of Standard 90.1-2013.

3. HVAC systems shall be VAV reheat and include economizers in compliance with Section 6.5.1 and energy recovery
as required by Section 6.5.6.

4. Cooling source shall be direct expansion.
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4 HyRH 100% 100%  40%  108% 100% 122%  21% 91% 2 5
=
5 HyRH 110% 110%  33%  100% 135% 100%  21% 53% 5
1.5%
6 ELRH 100% 120%  40%  108% 100% 80%  21% 91% 8
1% -
7 ELRH 100% 100%  40%  83% 100% 100%  41% 91%
8 ELRH 100%: 115% 25% 67% 80% 122% 21% 91% 0.5%
9 ELRH 100% 115% 33% 100%: 135% 100% 41% 91% 0% 1 r
0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99
10 ELRH 100%: 100%: 25%, 108% 100%: 100% 41% 91%

ECI $/square foot/year




- .~ Reduce Complexity / Limit Unequitable Trade-offs
oot Between Long and Short Life Components — System
Northwest  Efficiency

— “THE GAP” —
Prescriptive : Whole Building

SEER, AFUE, LED, LPD, Performance
Economizer, ERV, Motor Efficiency,
Energy Modeling, Whole Building

Etc.
* Applies mostly to small and TiSgrEiEe] DEstgn, LE=0

simple buildings Certlflcgtlon,
* Limited Options . Ap.pl|.cable to large/ complex
buildings

» Doesn't achieve deep savings

* Options limited with increased
code stringency

» Achieves deeper savings
» Unlimited options
» Flexible

Simple & inexpensive to
implement Complex & expensive to

implement

System Performance

Compare energy to system delivery
» Applicable to a range of buildings
* Includes system effect

Simple to implement
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Closing the building energy
performance gap in Australia’s
commercial building sector

Helen Bell
Green Building Council of Australia
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Who is the Green Building Council of Australia?

<

Barangaroo South, NSW.
6 Star Green Star —
Communities Pilot v0.2

GBCA is a world-renowned organisation dedicated to transforming
the built environment.

Since 2002, we have driven real change by creating market-based
solutions that empower industry to embrace sustainable practices.

Lé
We lead an industry that is building for

people today, tomorrow and for future
generations.

DAVINA ROONEY | Chief Executive at Green Building Council of
Australia




What does the Green Building
Council of Australia do?

We lead the sustainable transformation of the
built environment.

@ We rate

N%

We advocate

We educate We collaborate

>

Curtin University, School of
Design and Built Environment.
Targeting a 6 Star Green Star —
Design & As Built v1.2




| greenstar

We set the standard for Australia

Green Star drives the creation of healthy, resilient, and positive places for people and nature, across all commercial buildings
as well as apartments. There is also a rating system for individual homes.

N
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We work closely with NABERS

National Australian Built Environment Rating
System

Rates the operational energy use

National program administered by the NSW
state government Department of
Environment

*

NABERS

e Sulule

1STAR 2 STARS 3 STARS 4 STARS 5 STARS 6 STARS

Poor Below Average  Average Good Excellent Market Leading
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NABERS Commitment Agreements

Contractual commitment to deliver building that
performs as promised

+

Energy only

+

For new buildings, refurbishments and additions
+

Multiple stages of independent verification usually
missing at design stage

CA JALR

N

NABERS
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Energy performance in Green Star
buildings

Closing the performance gap in Australia’'s commercial
office sector

https://gbca-web.s3.amazonaws.com/media/documents/closing-the-performance-gap-in-
australias-commercial-office-sector.pdf
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Sample

176 office buildings:
+

100% had Green Star ratings
+

36% had NABERS Commitment Agreements




G oon

Performance predicted, exceeded or well within

reach

11.9%

were more than 0.5
stars off from their
modelled NABERS

Energy rating

were within reach
of their modelled
NABERS Energy
rating - between
0.1to 0.5 stars

7

88.1%

Achieved, exceeded, or
were within 0.5 stars of their
modelled NABERS Energy
rating.

23%

improved on their
modelled NABERS
Energy rating

44.1%

achieved their
modelled NABERS
Energy rating



Modelling versus peak performance

Performed 1.0 star better than predicted

4.0%
23.9%

Performed as predicted 47.2 O/O

Within reach of their rating //////////// 1 8 -70/0
Missed by 1 star A 4 ) 5 0/0

Missed by 1.5 stars 1 . 1 0/0

0.6%

Performed 0.5 a star better than predicted

Missed by 2.0 stars

75% of Green Star rated buildings achieved their modelled NABERS rating when operating at peak performance

93% of Green Star rated buildings with NABERS Commitment Agreements met or exceeded their NABERS Energy
target at peak performance
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Key findings

o Gap closes when targeted
o Commit to NABERS

o Monitor and manage

o Broaden scope

‘This investigation into Australia’s high performance
office buildings represents just 14 per cent of the
market. To achieve net zero building at scale, we must
transfer the lessons learnt in this segment of the market

to mid tier offices and other sectors.’

GBCA Executive
Summary




Office buildings only make up part of the market

70,000 30%
26%
60,000 25%
50,000 20%
40,000 7% 15 0
(o]
lj 15%
30,000 9%
(o]
10%
20,000 6% 6% 0
4% 4% g .
10,000 I l ° 3% 2% o 3% 5%
’ (o]
S & S &2 o o S S &
& & & Ff ¥ .\&*@ IS I S S S
S N o & N 2 N @ Y N N N
& & S &2 > & < &0 >
“&oo & & 8 &(’\‘ & &Qo §@“ &
O ,\@'b @é\ & & <& §° &
fb\\(b (C@ > o°f\ v
& S & <
S &

m Electricity mGas % electricity

Source: 2022 Commercial Building Baseline Study, prepared for the Australian Government Department of Industry, Science, Energy & Resources by
Strategy Policy Research Pty Ltd.



Scoping Study

Improving the evidence base outside office

Building Energy Performance
Gap NCC2025

Scoping Study
June




Building types

& @ GCreen Star Buildings rates most building types
\, that are new buildings or major refurbishments.

In principle:
+ Most building types are eligible to be rated, included
mixed use developments

+ All National Construction Code (NCC) space uses
definitions are eligible for certification, apart from:

+ standalone carparks (NCC Class 7a) and,

+ uninhabited structures (Class 10).

& ilQ

Buildings Performance Interiors

* _

Warehouse and
Cold Stores

il

Shopping Centres

Retirement
Apartment Buildings Hospitals
(1]

i

Office Buildings

ZE

Data centres

Hotels/Motels

Retail and Supermarket coming soon

GreenBuilding 4+ NABERS

Council Australia

o
N



Quantifying the Building Energy Performance Gap NCC2025

Phase 1: Scoping Study: GBCA and Team Catalyst
|dentification of “Sectors of hope”
Interviews with potential data owners
Access to 1-2 projects in each sector
Analysis of this initial data to assess potential

Reference Group Workshop to discuss findings

ook~

Recommendations to inform a large-scale study on the
performance gap
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Phase 1: Scoping study

Potential sectors Potential sources of data & stakeholders

. Class 3 - Community centres, hotels, motels, public 1. NABERS data sets e.g. healthcare, retail, hotels
schools, goals) 7. GBCA Green Star - (exc. offices)

. Class 5 — Non premium office buildings 3 Local Councils

) Class 6 ~ Shopping centres, supermarkets 4. Consultants (confidential building energy modelling)

) Class 7 — Warehouses, car parks 5. Owners/Facility managers (confidential operational

. Class 8 — Laboratories, manufacturing data)

. Class 9a — Hospitals, day surgeries 6. ABCA, International Building Performance Simulation

. Data centres, Childcare, Schools, Community centres Association (IBPSA), CIE

JV3 modelling + potential source/s of operational data

greenstar Team Catalyst

'Driving Sustainability through Teamwork’
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The National Construction Code is not an energy budget

Typical energy consumption components — regulated, unregulated and operating

)

Expectations
Hours of use
Occupancy density

Controls & Behaviour

Handover & Maintenance
Special functions
Plug-in equipment

Other services

Total energy consumption

DHW
Lighting
Heating & Cooling

Ventilation

Operational factors

Unregulated energy

Regulated energy

“During the design stage, two energy models should
really be used — one to calculate the regulated energy
(building regulations) and one to estimate the actual

energy consumption (i.e. the total annual energy
bills). The latter should include a sensitivity analysis
of assumptions.” David Clark

Source: What Colour Is Your Building? Measuring and reducing the energy and carbon footprint of buildings. David Clark, 2013



Findings

Limited usefulness of NCC energy modelling (JV3) for
BEPG analysis

Data is hard to come by

Final systems not confirmed when NCC compliance is
undertaken

JV3 is used to compare designs, not to create an
energy budget

Industry workshop suggested a systems level
approach building up to an estimated performance
gap would be a more useful measure than a total
building energy use approach

NABERS and Green Star remain the only accessible
quantitative data sources

“JV3isn't a reliable predicter of the actual energy
performance. We use JV3 to validate the
performance of the fabric itself. Our buildings have a
lot of unknowns, who is going to move in, how will
they use it. There are too many unknown. JV3 is used

as a thermal comfort assessment. We try to bridge

the gap manually with actual data. [We then] use that

data to predict the energy use for new customers.”
Building owner
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Building an estimated BEPG using a systems level approach

Energy split* Component error Total Error

HVAC 43% 10% 4.30%
Lighting 20% 0.1% 0.02%
Equipment 13% 15% 1.95%
Pool Heating 9% 9% 0.45%
Other 9% 20% 1.80%
Water Heating 9% 1% 0.05%
Kitchen/Catering 1% 30% 0.30%
Laundry 1% 30% 0.30%

Estimated gap 9.17%

*The energy split in this illustrative example is taken from Climateworks’ “Low Carbon High Performance” report.
The component errors are simply illustrative at this stage.

e

The key issue is not whether
energy efficiency modelling
accurately predicts the level of
energy consumption; rather, it is
the extent to which energy

savings from more energy
efficient design and technology
choices are accurately
estimated that matters.”

CIE NCC2019 report
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Where to from here?

Advocacy & education

-.

%80 Ann Street, QLD?}
F 6 Star Green Star -

WMirvac.
i iﬂgs vl
D3 .
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EVERY
BUILDING
COUNTS

Innovating fora greencr; healt
and more equitable built
environment

FOR THE FEDERAL GOVERNMENT

N [ r

THEME 1 THEME 2 THEME 3

ZERO-CARBON- ELECTRIFICATION INCENTIVISE HIGH
READY RESILIENT PERFORMANCE
BUILDING PLAN

N [ N

THEME 5 THEME 6 THEME 7
ENERGY GOVERNMENT ROBUST RATING
MARKET REFORM LEADERSHIP TOOLS FOR ALL
BUILDING TYPES

Key Recommendations:

7.1 Expand the coverage of NABERS to all
building types and extend the Commercial
Building Disclosure Program.

THEME &

MINIMUM
STANDARDS

=

THEME 8
TOWARDS
ZERO EMBODIED
CARBON
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Education

Ways to close the gap

1. Standards

Outcome-based policies, disclosure, awareness and

competition

2. Model

Closing the
performance gap
project

Increased sophistication in modelling and design

3. Review

Independent QA process to pick up issues and improve
design - before it's too late and expensive to rectify
4. Verify

+ Prioritise conditioning and tuning to ensure the

# \ Green Building I ' . .
o+ + Measure and disclose operational energy use and
Why reference a rating tool in policies and clauses Council Australia N A B E R s P gy

resolution of issues leading to performance gaps

compare to design / policy requirements.

https://www.nabers.gov.au/news/new-webinar-series-nabers-helps-governments-close-performance-gap




Case study — NSW Sustainable Building SEPP

The NSW Sustainable Buildings SEPP is a new policy

Department of Planning

targeting large commercial buildings to:

V.gOV.aL

* Link design and performance

Sustainable Buildings SEPP

- In the design stage

- Via the planning system

- Using NABERS
« Require disclose of operational efficiency
» Build in compliance mechanisms
» Minimise energy use and emissions

* Lead the market to collect data

Green Building
Council Australia +NABERS



Case study - City of Sydney LEP

Sydney Local Environmental Plan 2012, 7.2.5A -Sustainable development in Central Sydney tower
cluster areas, where:

(3)Development consent must not be granted to development for the purposes of office premises
unless the consent authority is satisfied that appropriate measures will be taken to ensure the
development is capable of achieving best practice energy performance in the common areas of the part
of the building to be used as office premises.

(4)In this clause— best practice energy performance means any of the following performance
standards—

(a)a maximum of 45.0 kWh per year for every square metre of gross floor area,

(b)a 5.5 star + 25% NABERS energy rating, through a NABERS energy commitment agreement between
the applicant and the NABERS National Administrator,

(c)a Green Star building rating with a “credit achievement” in Credit 22: Energy Use,

(d)a standard the consent authority is satisfied is equivalent to a standard referred to in paragraphs (a)-

(c).
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The need for additional research

* Metering and monitoring

« Complete the learning circle — design, construct,
commission, tune — use the same energy modelling
team and learn from results

« Encourage the expansion of NABERS beyond office
and the continued uptake of Green Star

» Repeat the predicted versus actual project with other
sectors as NABERS expands beyond office

Curtin University, School of

>

Design and Built Environment.
Targeting a 6 Star Green Star —

Design & As Built v1.2




# \, Green Building
Council Australia
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Thank you for
your time.
Helen Bell
Senior Research Manager, GBCA
Email: Helen.Bell@gbca.org.au
Building a
sustainable

future



Energy in Buildings and
Communities Programme

State-of-the-art of Building Energy
Efficiency Codes in China for
Operation, Retrofitting, and Design

Qingpeng Wei
Tsinghua University







PART ONE

SEINE T 15 years ago: a China-ltaly Low-Energy Demo Building

was completed in our campus in Beijing

QUESTION

Key Green Technologies Low-carbon target:
‘BCCHP, 300m? PV

‘High performance windows / facade with passive design
*Cool ceiling + displacement ventilation

‘Heat recovery for exhaust air and OA intaking
Daylighting and LED with dimming system and advanced BAS

24 kgC0O2/m2.a, 58% reduction (compare to common bldg.)




But Comparison of Measured Operating Electricity
Use Intensity (EUI) with Bldg.s in the Campus

200 kWh/m?2.a

150 |

100 = 29 1kWh/m? * a

50 -

; DHHHHHHH l HHHHHHH LLRERR ARARARARNNRAR

Bldg. Using Ceiling Fan Bldg. Using Split Unit Bldg. Using Centralized HVAC
for Cooling Air-conditioners Systems (new constructed)




PART ONE

RISING THE Case Study: Measured Actual Heat Pump Systems
QUESTION Efficiency for Space Heating
E=! HIRER " AR
Elec. For Elec. For Pumps Elec. For Pumps
Compressor for “heat source” for “end users” 0.52
kWh_e/kWh_h 0.42
036 0-37

0.33 0.33 0.33

029

0.35 0.35 0.36
o = -
I I I I I I I
F E

I i
C
E{_Lﬁilfi"g,’%éﬁgﬁ "'EE.i-'a'

From Primary Energy perspective: Some HP systems were “waste” energy rather than
“save” energy; but they obtained subsidies since HP was defined as a “good” technology
for energy efficiency and was encouraged for installations.

________________________

142



PART ONE
RISING THE

Challenge for Building Energy Efficiency: Call for

OUESTION New Knowledge based on Data during Operation

From Measure-based EE approach To Data-based approach, therefore,
Knowledge-based and Al-aided
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Acknowledgement to IEA EBC Annex 53:
Start Point and still Working on our Way

Weather and
Micro-climate

Building envelop
and facade

Building

MEP equipment

and systems

> Building Performance

Operation &

/ Maintenance
Occupant
behavior

Indoor
environment
conditions

> Operational Energy Use

* Codes: theory and principle-based model, need for measured data in reality
* Operation: data in reality and need for scientific data-driven model to explain
* Therefore: Call for Innovation from Operational Scenes for Building Energy Efficiency



Ions in

Shocked

On-line Measured Cooling Consumption of Air-cond

US and China
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PART TWO
SIMPLE CASE

Details: Cooling with Reheat, and Valve Faults, Sensor Faults
- Need for Retro-Cx and Retrofitting

* Typical operation regime of VAV system In US: Cooling + Reheat
22 °C

<

14°C P20°C

17°C 21°C

Cooling Caoill I '
VAV box with
Cooling: 264kW | Re-heater
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PART TWO
SIMPLE CASE

More Case Studies for Retro-Cx: Based on Actual EUI,
startup with overall EUl and go further details

Tsinghua School Tsinghua Art School Government office A Government office B
4650m?2, 34kWh/m?a | 64k m?, 65.7kWh/m?%a | 16k m?, 70.1kWh/m?%a 37k m2, 113kWh/m?a

Tower in Shanghai Office building A, USA | Office building, Lyon
287k m2, 215kWh/m2a | 6425m?, 364kWh/m2a| 30km?2, 356kWh/m2a | 17k m?2, 165kWh/m2a

147
Note: Excluding energy for space heating



Benchmarking with BMS: Energy Use Sub-metering using
ICT (Now it is very cheap, but more “walls” to consider)

Metering Data Data

=
Collection/ Mapping
l Transmission/

N Storage

Gateway

:
setevey \ 53 — ﬁ L“w——""’}
e -H = ~\8-= i
meter Ol
L ~ AR =
Gateway / Data collection 4% ‘\
" Ser\/er EU Data . ij

Application

T.m

= LN N Storage Server

Government
= Gateway Web Server
T | i E
Sl B} [cold & Heat N ol
— = meter EW app R&D

Normalized Energy Use Model for
Benchmarking on End Users



PART TWO

Benchmarking with measured EUI for Energy End-Users in
SIMPLE CASE Buildings to Understand WHY
G ™

Lighting & Appliances (kWh/m?%a) Chiller (kWh/m?*a)
200 60 e ==
152.7 149 4 50 . gz
150

100

LU e A 184 23T eRu

KA

THi TH2 BJi BJ2 BB SHI US1 US2 FRi THL THZ BJ1 BJ2 B3 SHL Usl Us2 FRI
2. _ e
250 S ——————
197.1 30 75. 3

200 85T 25

150 20

100 15

10
L ; 2.9
0 L = 1 1 0 0 . . | 0 |
TH1 TH? BT BTT TR CHA1 el men ER1 T TN BT BmTO =] oA e TrCT T/
Space Cooling (GJ/m*a) Space Heating (GJ/m?a)
1.2 T 1.0 7. 50
- 0.82

1.0 0.8
0.8 06
e 0.4
0.4 '
0.7 0.2
0.0 0.0

TH1 THZ BJ1 EBEJZ BIZ SHI Usl Usd FR1 TH1 THZ BJ1 BJZ B3 GSHI TUs1 Us2 PRl
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- China National Approach: Total Energy Use Intensity (EUI)
Codes for Operationa CAP Control Code s

* Energy Use Intensity (EUI) CAP Control: e
* Similar to EPBD, in terms of annual energy use per sq. meter;
* The first standard dedicated on building energy use data PRI

* Values for various types of buildings in different climate zones

FHEARXMEEEMHE S BZH

hEARANEEREREBLRETEE © 0 2T

Office Building, Obliged Value (OV) and Recommended Value (RV)

PEHEZAKRILEZTIHSORA

2521 B aBFEERFRRLREMN5 A BAf7: kKWh/(m”.a) GB 5017693
‘ MRAIAME | BRAAME | BRAEMK | BAMK i
R WS,y - Yy PR YR ey ey Sy R ey
A igg; 55 45 70 55 65 50 50 40
2 ﬁ%gé} 65 55 85 70 80 65 65 50
B ii&g; 70 50 920 65 80 60 60 45
x ﬁ%;}?/z} 80 60 110 80 100 75 70 55 ’

OV) (RV) (OV) (RV) (OV) (RV) (OV) (RV) 2024/4/23 150



PART ONE

BACKGROUND

5.2.2 VBRI B HREFETRAR I A RGN 5| EMAFEE 522 FIE.
*® 522 FIHPERIREFIEIR L WA 5| 1E

Bfii: kWh/(m’.a)

\ EEAEAMK | BMLAHK | EHRLSEHRKX & A X
BIIR a5 S | kit | 5 S| i | 5 F | £kctt | A9
Yokok ;ﬁ% 70 50 110 90 100 80 55 45
0,000, ¢ % 1 & % 85 65 135 115 120 100 65 55
***** hER 100 80 160 135 130 110 80 60
;ﬁ% 100 70 160 120 150 110 60 50
gBé 1 & 2% 120 85 200 150 190 140 75 60
HLESR 150 110 240 180 220 160 95 75
(OV) (RV) (QV) (RV) (©OV) (RV) (OV) (RV)

Type A: Nature Ventilated; Type B: Hard to Get Natural Ventilation

Detailed in this Code: EUIl of hotels, i.e.

P GB/T 51161-2016

R SR REFEDR 1E

lard for energy ption of buildi

2016-04-15 %% 2016-12-01 SLHE

PEARXMEEEME S B
PEARXMEERRARUEBRBRRER/

BEaE&H

PEHEAKRILEZITHSRB

GB 50176-93

7 e

Severe Cold

ot Summer & Cold Wing:
BEREr




* Electricity Use Intensity for Airport Terminals
Annual Electricity Use Intensity Limit Per GFA, kWh/ [] .a Annual Average Electricity Use Intensity Limit Per PAX, kWh/ PAX

CLIMATE ZONE 1 CLIMATE ZONE 2 CLIMATE ZONE 1 CLIMATE ZONE 2
oV RV oV RV oV RV oV RV

CLASS A 140 120 170 140 CLASS A 175 135 2.00 160
119 s 120 100 10 om 160 120

* Heating and Cooling Use Intensity for Airport Terminals
Space Cooling Consumption Per GFA, GJ/ [] .a
- P T
oV RV oV RV
oV RV

CLASS A 0.40 0.30 0.80 0.60
CLASS A 0.36 0.25
CLASS B 0.30 0.20 CLASS B 0.20 0.15 0.35 0.25

202474723 | 152




PART TWO

Energy Use / Energy Efficiency in Buildings and
Systems: On-line Operational DATA

Monitoring Detailed

Jiangxi

a

N R BYER FeRe EERE

S EEERIT R

1
‘ (R0 (2 » * o 9 &Kx

Central Government | — ] ) seomeonoueseraures
'LJ M‘r
AAAAA
} - | Chonggqing |
Shanghai

2024/4/23 | 153



copP

0.00

copP

0.0

Check Actual Performance of All the Chillers by

Monitored Data and Benchmarking
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e rT™
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PART TWO
SIMPLE CASE

Check Actual Performance of All the Pumps by
Monitored Data and Benchmarking

* Case Study: High-rise building with complicated hydraulic
systems and many pumps; even calculating S(K) value of pipeline

Pump efficiency Pump efficiency

—K | K
RER I BE | AHE - e I i
90% B I : 8% 80% 'L [ _II
80% [ 26% IJ?%\ zeaq:a% ] [ 70% S : 2%,
70% ol 27%.! 60% 399 i i oo b
60% L — : A # |
40% | I 40% ]
30% I I 30% i
20% I I 20%
10% I : 10%
o ey
& B @_& @_&
A CEE S OfE
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PART TWO
SIMPLE CASE

Check Actual Performance of All the AHUs and
PAUs by Monitored Data

_ The total air volume of the fans are isufficient The air duct resistance K are too large
: _____  ___  ms= = B
,.H H o H H B B BB BB N NN
< =" «QR’D& «Qg’bp «be& *}gy"\’ «3‘8’\’ %’Qg’b‘ ngy«’\’ *:Qg,b‘e «be&% ng,w < =" *:Qg’b} *-Q%bp ng’véo %QQ?"QI\ {}:b"‘:& %Q%"'So *}9“'& *}:b“'éb %QQ,""Q ‘69""0 *3%“"@ ng:“'& %Q«z?‘bb {}:b‘*& ‘d%"‘& *}:b“'&
Too much fresh air than demanded
Fans’ efficiency are too low SR BT AR/ B TR
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PART THREE Retro-Cx, Retrofitting, Renewable, and Rethinking:
sesicapaecey - Holistic Approach For Energy Efficiency in Existing
Bldg. Based on Monitored Data

Retrofitting with

Benchmarking | Analysis | Retro-Cx ' Capital Investment
: Toughesz‘: Fasiest :
! _ ' Demand Side '
Detailed  \janagement ;

Efficiency System

|
Tailoring :

Cooling /

Heating ;

Control |
Optimization

Sub-

metered
Replacement and

Renewable Energy

I Overall

Assessment Based on Data Oriented to Cost-effective Abatement
157



PART THREE
Retro-Cx and

Case: Retro-Cx and Retrofitting for Near Zero
Heating Energy Building in Beijing

Retrofitting

= Green Building: LEED Platinum (office tower) and Gold (Mall) Rated
® In the first winter (Nov. 12 — Mar. 13), Gas consumed for heating: 1.54 mi. Nm3;
® In the last winter (Nov. 16 — Mar. 17), 640 kilo Nm3, 60% reduction

BURE2013-2017FREFNSEFFEETMN (Hm?)
153.9

96.4 8t 1 903

2013 2014 2015 2016 2017 15




PART THREE
Retro-Cx and Retro-Cx and Retrofitting: Indoor Environment

Retrofitting Quality improved while Gas Consumption declined

L3 L2 L1 LG
2016 23.8 23.7 223 20.0 3.8
2015 244 24.8 22.7 21.6 2.8
2014 27.2 26.8 24.9 21.9 53
2013 24.2 23.2 19.0 13.3 10.9

2016 €2015 m2014 2013

30

28 ﬁﬁt
26 -
®
24 L 4 ¢ .
U 22 v
520 =
18 * py 10 115
16 B 100 82 74 74 68
14 =5 .
5 >0
10 o
L3 L2 L1 LG B LG L1 L2 L3 B
Indoor Temp. In different floors Reduce PM2.5 Concentration 15



The first REAL operated commercial building
reaching Near Zero-Heating Energy in China — Now
Try to Use Heat Pump to replace gas boilers

Energy: Emission:
Natural Gas: 63.9/5Nm3 CO2: 15572t
Heating delivered : 21998GJ NOx: 0.311

Electricity for circulating pumps: 13.875 kWhe

Cgﬁ:ﬁ'&% : GJ/m? 0.05 0.23 0.16 0.1901] 0.1
NG Nm3/m?2 1.4 6.6 4.5 6.6[1] -
Elec. Of Pumps  kWh/m?2 0.8 1.4 1.2 1.001] -
coze kgCO,/m? 3.5 14.5 10.2 14.1 i
NOx [ gNOX/m? 0.66 3.17 2.17 6.0614 i

[1]: GB/T 51161-2016 (EEFEEREGEIRE) F/ =,

[2]: 1m3RIRSHRHEERZ1.98kgCO, ERRRAERMERAEALEERI2010-201 2B HHEMEFITE, 791.0580kgCO,/kWh;

[3]: 201 6EFEURBIRIPINRESREXES, SMXERE (ItEHRPFASISIYIHIRERE) DB11 139-201 5ErENOXHERBREIRAE30Mg/IL 5 HKIES ;
TM3RASREESE11.19m3, Hd 835 EKEE.2;

[4]: 1RIE (AtRHEBPASSIUIHERGRE) DB11 139-2015, NOXHERPRERSOMg/SIKIBSITE;



PART THREE
Retro-Cx and Zero-carbon Heating?: Deep ground source heat pump with

Retrofitting Enhanced Heat Transfer design (zero water drilling)

Wall-type heat exchange: "only heat"” underground + ground heat pump for heating

| et - |
AR
A AN
F 1| | s :
LI 1. b
ma—
FAFMKER Heat pump unit - :m: '[ E \
A :*"'J:*\- TBEET  Airtight heat exchanger, "exchanging
fil lli heat without touching water" with the

rock formation, no interference to the

§iE

W environment
FALY

« Drill holes into the rock formations at a depth of 2 ~ 3km through the drilling rig to cement the well;

Technology |- Install a closed-tube structure heat exchanger in the borehole;

The outer wall of the heat exchanger exchanges heat with the interlayer wall to extract the middle and deep geothermal energy;
.+ Ground-mounted heat pump heating system: increase the water temperature + lower the return water;

« Itis not restricted and influenced by resource endowments and external environment, and has universal applicability;
Key features ~ - Avoid the environmental problems that may be caused by the direct use of geothermal water;

Universality, stability, sustainability, and minimal impact on the environment in the deep-seated geothermal energy utilization method;
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PART THREE

Retro-Cx and
Retrofitting

Day

Solar photovoltaic

Power
storage

Mid-deep
geothermal energy

Production process waste heat

Solid liquid gas waste heat

Biomass heat boilers

Direct supply

Building

Heat
10°C~40°C
Electricity
Drive Middle-deep heat

pump heating system

30°C~60°C Exothermic

Municipal power J Electricity

Night

Hot water storage
tank

Flexible and distributed heating for zero-carbon: high-efficiency heat
exchanger + low-resistance circulation + high-efficiency heat pump +
multi-link thermal storage + using PV/wind and “cheap” electricity

KPI 1: How much
electricity is needed to
supply heat, efficiency

N\

coO —AxQxEx

/

SIS

Heat storage

KPI 2: Carbon emissions and
cost per unit of electricity,
cost-effectiveness of carbon
reduction




PART THREE

STV Think of demand in bldg. in the future, say 2050/2060: Still
Retrofitting eed for different “final energy” with zero carbon emission

Zero carbon space heating/
hot water/ steam

1 Flexible Use of Zero-carbon
zero-carbon cooling/air-

electricity ' conditioning/ chilling

Zero carbon

100%
utilization of
renewable transportation
electricity

Multi-dimensional safe lighti
energy storage Ighting

Zero carbon
drying/humidification/
oxygenation

Zero Carbon Clean Air &
Portable Water

E C E C E C
COZ — (A X QCool X Cool X Cool) + (A X QHeat X Heat X Heat) + (A X ELEC X ELEC)_l_.”
A Qcool Ecool A QHeat Exeat A EgLEC
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PART THREE
Retro-Cx and PEDF+X: Maximum carbon reduction, in buildings ,

Retrofitting communities, manufacturing, agricultural parks, etc.

1 FIe})ility e
and

Thermal and

Local - Direct -
B0 Photovoltaic  Electricity Storage Current Resiliance Final Goal
Energy Link Method Goal Zero-carbon
| Building local photovoltaic Cooling, heating and electricity Simplify power distribution Flexible electrical load electricity at the
Clean Power from afar storage; Charing in PV peak system Actively Respond to the consumer end of
output time Simplify the control Grid the whole SOCiety
system

J J
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PART THREE
Retro-Cx and

Retrofitting

K BB,
5 3 ES 10kV

DRAFEERE

Qingdao Energ)
10kV/0.4kV

@1

Perhaps the First Commercial Bldg. with PEDF
Retrofitting and Retro-Cx for Centralized AC Systems

R EFZEAC380V

t

!

!

TREIER
SHERALR _PC. BHRA
150kWp 250lkVA AC ch Ac Ht 3R BHRE
DC C SREHRRAR ) R
166.7 kWe
a2 (Eif) DC
T mmekna 200kWe be
BiRE4%DC750V
" | | |
‘ T AT ﬁfm}%%ﬁ P D¢ | sokwe DE_~. | sokwe
!Zﬁif#ﬁg()@/m) 20kW 89.7kW€ p T
i HiRf#4DC540V iR DC220V
]
THAGHBRER | TRE/BAKE | TIMAHKE NAERPS
11kWe * 3§ 5.5kWe * 2& 11kWe * 2& HREE Sy
(FR1E) (—A—%&) (—H—%) 60kWe
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PART FOUR
SUMMARY

Bridging the GAP: RCx from Experience to Knowledge,
Continue with Retrofitting and Renewable

* Problem for Existing Bldg.: Still Lack of Retro-Cx
* Now: Retro-Cx based on Data and Knowledge
* Continue: Retrofitting and Renewable Energy

* Finally: Rethinking and Al-aided Realtime Life-cycle Cx

ON

LC Cx

%

> Test & Cx

— Retro-Cx —

{

Cont Cx

KNOWLE
DGE AND
INNOVATI
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Further Collaboration in GBA on Retro-Cx,
Retrofitting and Renewable

* A Collaboration Leaded Focus on Retro-Cx and Retrofitting in
Buildings, covering Great Bay Area and Belt & Road;

¢ IEA EBC In the Future? _ - _ BEAXCERGRENEYECERTR

ZE2EA
Signing Ceremony of

E%Ht%@&%%iﬁ&ﬁ:(ﬁﬁﬁ)éﬂiﬁ“:ﬁ

qémkEEE ﬁﬂﬁ(ﬁ&ﬁ)?@ﬁwﬁ

LERAERRATREN (KN TEWHHS







Communities Programme

Occupants and Building Codes:
Challenges and Future Directions

Liam O’ Brien
Carleton University



Occupants and building codes:
Challenges and future directions

Liam O'Brien, Ph.D., P.Eng.

Professor, Civil & Environmental Engineering
Co-Operating Agent, EBC Annex 79

Carleton University °
F"-} Carleton Hb|

UNIVERSITY




‘ Occupant myths

= Occupants are passive
recipients of indoor
environments

= Occupants cannot be
trusted or relied upon to
behave “well”

= Occupants are uniformly
distributed and follow
predictable and repetitive
schedules
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‘ Occupants

5

ooooo

o
People are NOT a boundary condition

Human-Building
Interaction Laboratory



‘ Implicit messages of codes "

= Building design cannot affect
behaviour

= There is no point in
implementing occupant-
adaptive measures

= Automate everything and take
control away from people




| Thermostat example

= We learned the hard way about unusable

|||||||||||||||

= m “ rq 11 _—
= ed: —-‘ | 5 8
L_w | . 5 = [7J
H
72

Dooo
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‘ Predominant occupant specifications in building

codes

s Performance: schedules defining - L L+ =
occupants/occupant activities T

= Prescriptive: requirements on : Am
interfaces and equipment relating -

to occupants (e.g., lighting controls .= —
must be manual-on; vacancy-off) - H : Hﬁﬁ

TTTTTTTTTT

Interaction Laboratory



‘ Building energy code philosophy "

= For many codes, the
performance path’s goal is not
to predict absolute energy use

= If we accept that performance
cannot be “"accurately” - I
predicted, we should focus on |51 -
design approaches that, on S
average, reduce energy use.

= Embrace diversity and
uncertainty.

Interaction Laboratory



177

‘ What should building codes encourage?

= Baseline comfort with ample adaptive
opportunities (e.g., operable windows)

= Usability — buildings and building
systems that are effective, intuitive,
and predictable

= Adaptability - real-time learning

controls S :
W 1 : &
T
3 {*, : Y o | i -
oy :
° p _';_‘ ; ‘, 3 :
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‘ On resilience

= Over-automation
mandated by building
codes will have
severe conseguences
during
extreme/disruptive
events.

s Codes need to have
faith in occupants.

Interaction Laboratory



Improving occupant aspects of codes "

1. Add new requirements based on literature or other data
sources (prescriptive path)

2. Update current schedules/densities/values
(performance path)

3. Add additional occupant-related domains (e.g., window
shades) (performance path)

4. Require several occupancy scenarios to be
analyzed/modelled (prescriptive or performance)

5. Mandate measurement campaign as basis for occupant
assumptions in retrofit projects (performance)

rrrrrrrrrrrrrrrrrrrrr



 Thank you

= |[EA EBC Annex 79:
Occupant-centric
building design and
operation (2018-2023)

EDITED BY
WILLIAM O’BRIEN
_'ANU FARHANG TAHMASEBI e
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Panel Discussion 2:
Performance Gaps in Building Energy
Codes

Moderator:
Meli Stylianou

S-—

Meredydd Evans e
Pacific Northwest National Helen Bell
Laboratory Green Building Council of
Australia

Qingpeng Wei Liam O’ Brien

Tsinghua University Carleton University



Communities Programme

Key research questions and next
steps for collaboration

Meredydd Evans
Pacific Northwest National Laboratory



EBC &)

Energy in Buildings and
Communities Programme

Thank you!
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