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1. Who we are

Alliance of Direct Current Building (ADB) was established in January 2018 — the hardest time
@f’ U.S.-China Clean Energy Research Center (CERC) Joint Research Projects on Building Energy Efficiency
2016-2017 2018-2019

 NO Design Standard
* NO Experience

* NO partner

* Few DC Products
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1. Who we are

The Committee of PEDF, which is an authorized technical committee, was established in September 2021 in
China according to the national policy of carbon neutrality, and more than 100 members have joined,
including institutes, universities, equipment manufacturers, power grid enterprises, etc.
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1. Who we are

As early as 2018, the international community conducted technical research and standardization on LVDC
(LVDC standardization roadmap, 2018).
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1. Who we are

What is PEDF?

1200

DC microgrid, integrated Distributed PV and energy storage, realizes the demand flexibility "
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1. Who we are

PEDF continuously promotes more 300 hundreds LVDC demonstration projects.
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2. Background of LVDC in Buildings

» Advantages of LVDC in building

LVDC supplies 50% appliances/
50% energy consumption

Energy efficiency increasing More simple and safe

Increase of EE 7.43%
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2. Background of LVDC in Buildings

The flow of electricity is in one direction only,
The system operates at the same voltage level
throughout and is not as efficient for high-
voltage, long distance transmission.

Direct current runs through:

0 B

Battery-Powered  Fuel and Solar Cells  Light Emitting
Devices

ALTERNATING CURRENT

Electric charge periodically reverses direction and
is transmitted to customers by a transformer
that could handie much higher voltages.

Alternating current runs through;

2.8

Car Motors

—_— e e ¥

1847
Thomas Edison, the youngest in his Milan, Ohio
family, didn’t learn to talk until he
was almost 4 years old. Wizard of Menlo Park

Home-schooled and self-taught
*Genius is one percent inspiration
Edison promised Tesla a generous reward if he could smooth and niriety nine percent perspiration.” ..
out his direct current system. The young enineer took on the
assignment and ended up saving Edisan mere than $100,000
(millions of dollars by today’s standards). When Tesla asked DC (Direct Current)
for his rightful compensation, Edison declined to pay him.
Tesla resigned shortly after, and the elder inventor spent the Incandescent light bulb; phonograph; cement -
rest of his life campaigning to discredit his counterpart, oing Tchioloss Hoton it e ar ara
DC motors and electric power 1,093

o

Mass communication and business

~Thomas Edison = - Trial and error

-
In order to prove the dangers of Tesla's alternating A St S 1

current, Thomas Edison staged a highly publicized

electrocution of the three-ton elephant known as 1931—Passed away peacefully in his New
“Topsy.” She died instantly after being shocked with Jersey home, surrounded by friends and family
a6.600-volt AC charge.

SOURGCES: CHENEY, MARGARET, "TESLA: MAN QUT OF TIME" " 1. “TESLA: MASTER OF LIGHTNING.” | THOMASEDISON.COM | PBS.ORG | WEBLMIT.EDU | WIRED.CON
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1858
Smiljan, Croatia

Wizard of the West

Studied math, physics, and mechanics at The Polytechnic Institute at Gratz
Electromagnetism and electromachanical engineering

Getting inspired and seeing the invention in his mind in detail before fully constructing it
AC (Alternating Current)
—®  Tesla coil - resonant transformer circuit; radio transmitter;

fluorescent light; AC motors and electric
12 power generation system

0

@

Radio Signals Appliances

\I/\I/

B<l=a

1n 2007, Con Edison ended 125 years of direct
current electricity service that began when
Thomas Edison opened his power station in 1882,
It changed to only provide alternating current.

in 1915, both Edison and Tesla were to receive

1943—nDied lonely and in debt in Nobel Prizes for their strides in physics, but ultimately, neither won.
Room 3327 at the New Yorker Hotel It is rumored to have been caused by their animasity towards each

other and refusal to share the coveted award.

A COLLABORATION BETWEEN GOOD AND COLUMN FIVE

LVvDC

Not only for

» Efficiency

- Safety

« Affordability
« Convenience

But

* High penetration of RE
* Improve the load flexibility
« Joint Zero CO2 Emission
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2. Background of LVDC in Buildings

> Building electricity consumption brings challenges to energy saving.

Building sector accounts 30% in total final Building electrification has been on the rise over
energy consumption worldwide the past two decades (especially in China)

Other, 6% - B
Electrification rate of building sector (%)

60%
——— Japan
50% ue
Korea
40% 4 Canada
- - France
T QRS China
Industry, 38% UK
20% - Germany
10%

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

Source: IEA World energy outlook 2023
China's Building Energy Use and GHG Emissions, 2022
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2. Background of LVDC in Buildings

> Toward ZEB - How does the building sector achieve carbon neutrality?

ENERGY

- Criteria

J At a minimum, a building that achieves zero operational

emissions from energy use meets the following criteria:

1. Energy efficient: The building is among the most
efficient.

2. Free of on-site emissions from energy use: The
building’s direct GHG emissions from energy use
equal zero.

3. Powered solely from clean energy: All the energy

used by the building, both on-site and off-site, is from
National Definition of a Zero lean ener r _
Emissions Building clean energy sources

Part 1: Operational Emissions from Energy Use, Version 1
June 2024

T, i I LI ER TIT ) L O WAL L
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2. Background of LVDC in Buildings

« ZEB will require:

> EU ZEB X
* All new buildings to be zero-emission buildings (ZEBs): r \1\
; “
* From 2028 public buildings owned by public bodies ,’(ﬁ T 7‘ s X
* From 2030 all new buildings 3‘37 /

» Zero on-site emissions from fossil fuels
* A very low amount of energy with a view to cost-optimal level but at least (NZEB -10%)
« Supplied by:

* renewables from onsite, nearby, renewable energy communities

» energy efficient DH&C

« energy from carbon-free sources

» Life cycle GWP calculation (from 2028 for new bdgs >1000m?2 useful floor area, from 2030 for all
new buildings) and disclosure through EPC

European
Commission

» Explanatory video: Zero-emission buildings - the new EU standard
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2. Background of LVDC in Buildings

> Toward ZEB - How does the building sector achieve carbon neutrality?

— Heating

Direct carbon emissions Electrification —— > Cooking
— Hot water
ﬁ ------
_ — Enclosure structure
Building emissions Technologies of energy
— . — . —
reduction efficiency — Energy-efficient equipment

— Photovoltaic + Energy-storage+ Direct Current
Indirect carbon emissions I

Integrated
development

— Flexibility -« — Traffic

v

— |ndustry

——  Renewables
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2. Background of LVDC in Buildings

» Where the ZCE electricity comes from?

Inner ring: Total power plant
capacity (2021)

16.4%

- 54.6% ] ‘ 7.8%

g 13.8%
67.4% ,4.9%
2.2%
A .

Outer ring: Total power
production (2021)

= Hydropower Solar
= Wind
Thermal power

m Nuclear
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2050-2060
Power resources Capacity Production @ Peak shaving Description
(GW) (GWh) (GW)
Nuclear 200 1.5%x106 /
Hydropower 500 2.0x106
900
Pumped storage 400 oo, / no/
. s e i Peak shaving by
e S‘I"ar POWEr | 2000 9.0x106 500 renewable energy
plant generation
Thermal power 200 1 5x106 200 Only adjust seasonal
plants power balance
Total 8800 14.0x106 -4900

Resource: Tsinghua University
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2. Background of LVDC in Buildings

> Where the ZCE electricity comes?100h
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2. Background of LVDC in Buildings

» Where the ZCE electricity comes? 8760h?

ez R we——(REHT  —— AR e {7, — K — X SR m—ED, em— R 1R
2500000

2000000

1500000 &

NS

1000000

500000

0
@ﬁﬁ@@ﬁﬁ@@ﬁ@ﬁﬁﬁﬁﬁﬁ@ﬁﬁﬁ@&@

Wz E_ HEF — EE TEENE
BEIING UNIVERSITY OF CIVIT, T:Efﬁegmﬁﬂ.z*u
ENGINEERING AND ARCHITECTURE

17



2. Background of LVDC in Buildings

» Where the ZCE electricity comes from? - To predict renewables is more difficult
than to predict load
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Uncertainty of load Uncertainty of renewable Hybrid methods to achieve
prediction generation energy balance

The relation between supply side and demand side is changing.
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2. Background of LVDC in Buildings

» What happen if we do nothing?

WRERREF
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Electricity production and spot prices in Denmark in week 36 2023
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2. Background of LVDC in Buildings

Joint to reduce CO,

Buildings + Power Grids

..........................................................................................................................................................................................................................................................

=] « Optimization of energy structure

Urban P
Buildings * Carbon reduction in power consumption | i Utility grid- Power unbalance caused by renewable fluctuations

+ Capacity expansion caused by demand increasing

« Increasing of building electrification & . Peak regulation caused by power supply shortage

: Flexible resources :
: requirement from new :
: power system :

Flexibility of
building load

O Connect buildings to renewable power sources and
Grid-interactive provide a high percentage of renewable electricity

buildings (1+152)

Efficiency | Energy Reliability low-carbof BVB Load .
transformatipn . qggregatijon
i 8l 99%+X_ 3 e = X it

N\ [ nrr-o—o-u
Wz ﬁ.?ﬁ. ﬁ/{: — EE TEENE
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3. Research, products and demonstrations

> Building load is flexible, and easy to follow the random of renewables.

1000
900
800
.............................................................. 700 }
12 777777777777777777777777777777777777777777777777777777777777 CosE =
. (=) t’fé 600
T e e e R S R R S e e e R R e e L-___-lm?ﬂﬁifﬁ?ﬁ SOO L
B e CIOERESD UE{
o POn RIS g 400 f
o SR 300 |
S et P AR A BB )
P L e o S AHE 200
G i s S o — R 100 F
"y . : : - : , : , —BHRE
0:00 6:00 12:00 18:00 0
1 2 3 4 5 6 7 8§ 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Schematic diagram Building load flexibility /NE/h
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3. Research, products and demonstrations

Research

> LVDC and Flexibility

DC equipment [> Energy flexibility [> Building load regulation

DC voltage : Maximum
~ Upper 107%, t=10ms - ' _ Load (kW) Variation of DC voltage Voltage (V)
o b Reduce generation 20 ¥ 800
- — 1
N —— | AR, " ™Y s, . "W
100% 1 g005-105% c | . f
P L 80%~107% s 2 .
E g= = Load increasing 600
T so% | - g § i 20
© 7w b 3 = ! Reduction of air-
5 Below 80%, t<10ms 5| % 5 : conditioning load
x > = o o — Dead zope 15 Regulation of EV 400
o s b Legend: o 2 : charger
g 9 . ) © o I 10
S [ Normal operation ' o g L 500
= [ Reduced load operation & S Load reducing i
2 o S i
< > !
- : : 10-17 10-17 10-17 10-17 10-17 10-17 10- 0-17 10-17 10-17 10-17 10-17 104%
H L. P r |oad 00:00 01:20 02:40 04:00 05:20 06:40 08: 7:20 18:40 20:00 21:20 22:40 00:00
0 L ! Minimum owe
1
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MiEEREWERE 23
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3. Research, products and demonstrations

Research

» Advantages of LVDC in building

i LVDC supplies 50% appliances . . . 5 3 . '
: o PP o applial /o Energy efficiency increasing ] : More simple and safe

: 50% energy consumption : :

: Increase of EE7.43% |

100.00% 98.31% 98.38% 98.68%

99.00% 454/ 98.04% 521% 566/

5. 6%
98.00%
97.00%
96.00%
W 95.00% g350%
& %4005 93. 10/ 92.79% 93.08%
92.00%
91.00%
90.00%
89.00%

650A 510A 0.205A  0.89A 0.25A 1.08A 293A 76A

H H ; Energy plus Data
380VAC | B0OVDC 220VAC 48VDC | 220VAC | 48VDC | 220VAC 800VDC : =mobile battery
HATITB  FPD-6BWAS/G(ZER) FPD-85WAS/G(ZERt) 28 (60KW) H H
(400KW) ——30ParBilEE  —30ParBiIIEE
220 51w
BUkNERkEEREL

L)
Wz ‘g_ HEF = CIEE TiEEN S
o]
BEIJING UNIVERSITY OF CIVIL ZIEL@EW tﬁtﬂ;zgﬁg 24
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3. Research, products and demonstrations

Research

» LVDC technology development is supported by National Key R&D Program of China, which is

highest research funding in China.

\

\ Solar PV

Protection

4

;f £2 42 Eﬂ
| S = &5

G | B Air Pump Household Elevator EV.
conditioning Electric motor electric storage battery
appliance

Wz ﬁ.?f‘h 5 = DERfTHENS
BEIJING UNIVERSITY OF CIVIL TII:‘IIEE ﬁll.ﬂ*ﬁ
ENGINEERING AND ARCHITECTURE

-+ 100+ DC electromechanical equipment products by 2025
i + 20+ DC power converters and electrical protection 5
: equipment products by 2027

DC electromechanical equipment in PEDF buildings
Execution period: 2022~2026

DC power distribution technologies in PEDF buildings
Execution period: 2023~2027
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3. Research, products and demonstrations

Standards and codes

P33
REZRT A ERE
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122 - 01 - 05 B 2022-03-01 £

TERH Y RBE RH

T/CABEE 030-2022
Design standard for direct current
power distribution of civil building
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T/CABEE 055-2023
Assessment standard for
PEDF system in Buildings

HER T A h 2 FARAL

BRABEFERY
TR ERE A EAER
General technical irements

T/CABEE 063-2024
General technical requirements for
converter of PEDF system in buildings

26



3. Research, products and demonstrations

» Power distribution devices include converters, DC plus and socket, DC protection equipment.

!

ch - |

DC plus and socket
4 : EHTEENE
e dihkF B@ i L
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DC protection equipment

’ [

[

B —
. e

DC converter

27



3. Research, products and demonstrations

» DC appliances in China’s market including air-conditioning, LED lighting, DC EV charger,
refrigerator, rice cooker, etc.

— KNEXABERZTRHRE —
HHER R HHAE
RORRANE AERLNA ssFROne
250-10007T 350-000R 100-2008T

DC Air conditioning LED lighting EV bidirectional charger Refrigerator fans etc.
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3. Research, products and demonstrations

Demonstrations

» PEDF system in buildings developed rapidly. More than 200 projects have applied PEDF technologies,
including commercail buildings, residential buildings, transportation stations, industrial parks, etc.

Renovation
3% includes office,
/dential, schools

New construc
47% includes
residential,

commercia
buildings ’

Distribution of PEDF project in China

R AT DN fRRnTEne 2
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3. Research, products and demonstration projects

Demonstrations

Solar PV BES array
array
@ ___|___1Solarpv __ _|__|___BES interface
interface
SOLAR PV BATTERY
ENERY
STORAGE
o8
Qg p . p
Q2 Bipolar DC bus
1< M M
| N +375V N P
I +375V
| —_|AC
I
3 " — /bC— M
gs | !
gg \: L2 AC | arsy N
i Jhs bc ;
T 5 '
% ° : PE
| DC/DC
| Convertor
I:I [Loap | [Loap | [Loap |
IT earthing |
earthing I DC 750V: Air condition, EV charger

= = DC 375V: Data center, screen
Barthing of  Earthingofext - C 48V: LED, socket, indoor unit

system conductive-p

The IBR Future Complex (Shenzhen, China)
Building type Office, Laboratory

Demonstration Gross area: 6259m2. The first LVDC building with large-scale in China. Bipolar DC bus distribution, IT earthing,
voltage control approach, etc., are integrated in this building to supply DC power and explore the best solution for
LVDC in buildings.

Owner Shenzhen Institute of Building Research Co., Ltd
VR RTINS EEReEe 0
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3. Research, products and demonstration projects
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Lighting, digital devices, socket

Building type Commercial

Demonstration Gross area: 3500mz2. The first commercial property renovation project of PEDF building in China. Using BIPV,

VERART DN=

BEIING UNIVERSITY OF CIVIT,
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Owner

energy storage and flexible load to achieve ZCB.

Swire properties

LHEIZEIN TARENNS

AL g =D
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3. Research, products and demonstration projects

Demonstrations

DC Microgrid Container

Power Distribution Parking m

Safe Efficient Flexible Simplified

Utility grid I‘ :

DC 750V 5

> V4 2 B o BZ
2 3 A 4

| e
¢ ezl = I

Meeting Exhibition
Room Hall feaiiool = Lighting

' © DC750v-DC48V: LED+DC socket (office) @ Pv: 26kwWp © e Charger: 4nos
'@ DC7s0vV-DCABY: @ streel Lighting: 4nos @ Container: AC/DC converter, Curent
LED+DC socket (Tea Room) , ' Router, DC air conditioner, BESS(48kwn)
-AC230V: for water

Street

Schneider Electric PEDF Research Center (Wuhan, China)

Building type Office

Gross area: 200m2. The PV panels deployed on the roof achieve 100% green power supply for building load such

Demonstration
as LED lighting, DC air conditioning, and EV-chargers. The performance of DC protection devices is verified.

Owner Schneider Electric SAS (China)

L)
Wz d k&% = DEEHTEME
, HiEERSISRE
BEIJING UNIVERSITY OF CIVIL Committee of :::;woltaic Ef’gy?;g 3 2
Direct current and Flexibility

ENGINEERING AND ARCHITECTURE




What the future building would be?

e Distributed solar PV

/
A\
RIS /

Inteligent Charge and Discherge Controller

e Distributed Energy storage
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One for all was yesterday, all for all is the future.

haobinbj@hotmail.com
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