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,E.,, Case study: Shanghai BEC code

=

4 )
2 For residential building the electricity for heating

and cooling shall be less than 55.1 kWh/m?2.year as
an energy efficiency building

2 The 55.1 kWh/m2.year is based on energy
simulation under the conditions:
= \Well insulated building
= HVAC 24 hours operation
n |ndoor temperature is within 18 ~ 25 C
= (0.5 time of volume per hour of air infiltration all time
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._, Electricity use In residential buildings
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City kWh/m2.a |purposes

Beljing 24.3 AC, lighting &
apparatus

Suzhou 31.2 Heating, cooling
Lighting & apparatus

Shenyang 21.7 AC, lighting &
apparatus

Electricity consumption for residential buildings in three cities
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, AC energy consumption in Beijing

A. 5 floors, 1981, 74m2/unit C. 26 floors, 2003, 141m>2/unit
Split unit

D. 26 floors, 2004, 132mP?
one outdoor & multi
iIndoor units

A
B.18 floors, 1996, 103m#/unit, E. 26 floors, 2005, 280 m2/unit

Split unit
Central AC system .
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B AC energy in 5 buildings, Beijing
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Case study: AC in Residential buildings

Key reason: N
_ Part time
# The measured energy consumption Part space
of AC in every units of a residential Open windows
building in Beljing,2006, split unit

(kWh/m2)

9

8 L

7

6 ) L

5 | Average 2.3kWh/m2

g mm—_—_E_EE_EE_E_—_—_—_—_—_—_—_—————— ambm ul- i “‘
é I | HHHHHHHHHHHHHHHﬂH | | | n ol

1234567 8910111213141516171819202122232425

L.

Electricity Consumption of Cooling System
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LCentre AC for residential buildings in Beijing: 19.8 kWh/mZ2,a
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Case study: AC in Residential buildings
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Electricity consumption by AC for home units
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_ \Where the different come from?

/.

~
# The major reason: different operation hours

#Why people operate the AC in different ways?
= Building component: very weak
= [ncome level: very weak
= Age of the family: highly correlated




iél Study the reason of the differences by simulation

a4 )
#Why the operation schedule are so different?

= Set point of temperature

n Part space occupied & operated

n Part time operation

n Open windows for ventilation when outside Is
fair

n Different in indoor casual gain




, Energy prediction with different usages

# A normal residential flat in Shanghai
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._ Reference case

-

N\

& Standard case:

n

n

Room temperature control:_;

18~25 C =0
HVAC operation:24 hours £

Ventilation: 1/hr air
Infiltration

Cooling area: full space

# Simulation result

ui

ui

Average cooling electricity
consumption:21.8kWh/mz2-a

Heating need 35kWh/m2.a

Hourly Cooling Load of the Residential Building
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8. What should be the set point?

jud

o

o

jud

2 Starting temperature:

# From measured data

# Simulation Case2:

as soon as indoor temperature is lower than the starting point, occupant may not
turn on the AC even it is higher than comfort set point

However, After the AC is turned on, it is very likely that the occupant keeps
the indoor at the comfort set point

room temperature of residential
buildings with AC system in Beijing

Starting temperature: 29 °C
Comfort set point: 26°C




result with “ Starting point” concept

Electricity Consumption (kWh/m2-a)

the Building's Cooling Electricity
Consumption of the Whole Year
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Standard Case

Raise the Starting
Temperature
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Cooling Load (W/m2 )
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Room Temperature Comparison in Summer Typical Days
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B = Qutdoor Temperature ]
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Room Load Comparison in Summer Typical Days
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What is the different if open windows?

\
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, If Part time operation?

N
2= Simulation Case4:

Room Temperature Comparison in Summer Typical Days

= AC operations from 35
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If part space operation?
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._ How energy relate with operation?

~

the Building's Cooling Electricity Consumption with

Different Operations in Shanghai
25 218

& Comparing with the energy

consumption of the five cases
= Total cooling electricity consumption:

Whole Year(kWh/m2-a)
S
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53
I i m .

Cooling Electricity Consumption of the

5 [
21.8kWh/m? to 3.3kWh/m?! .
Standard Case  Raise the Open Part Time Part Space
Starting Windows Operation operation
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2= Measured data & simulation data in Beliina
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E 14 M @ Different Operations in Beijing
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2 Opening windows, part time & part space
operation can make huge difference in energy

& Should we apply large centre AC system for

residential?

Statistics Electricity Consumption of Large Centre
AC System for Residential

12

9.81

10

(kWh/m2)

o N ~ » oo
T T T

Chiller Cooling/Chilled Second Water FCU
Pump Pump

Large centre AC system:
20kWh/m-2a

Average decentralized

AC system:2.3kWh/m?a
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y Operation manner & building optimization

-

~
# Does building operation manner heavy effect

on building energy optimization?
2 Comparison the standard case and the
maximum saving case
n |nsulation level
= Window size
n [nternal / external insulation
n Effect of shading device
n Centralized or decentralized AC for residential
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. Insulation level required

Electricity Saving of the
Cooling System (kWh/year)

10000 —
9000 r

8000
7000
6000
5000
4000
3000
2000
1000

Standard Case

— Electricity Saving
= [nvestment Increment

k=2.5 k=15 k=1.0

Insulation level

k=0.7

30

25

20

15

10

Investment increment

the Maximum Saving Case

10000 _ Ejecticity Saving
— 9000 = [nvestment Increment
23 a0 | 1
S < 7000 F
& o= :
E § < 6000 -
S & E 5000 |- ]
o >
S g 00 7
£ 2 3000 f
L 5 i
o 9 2000 |
© 1000 t
0

k=2.5 k=1.5

Insulation level

30

25

20

15

10

Investment increment

(10000RMB)




Total Electricity Consumption of Cooling
System (kWh/m2-a)
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Standard Case

window-wall
ratio:0.5

window-wall
ratio:0.2

Total Electricity Consumption of Cooling

System (kWh/m2-a)

N B o

o

the Maximum Saving Case

window-wall window-wall
ratio:0.5 ratio:0.2




._ Internal / external insulation
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Total Electricity Consumption of Cooling

N\

System (kWh/m2-a)
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Standard Case

No Shading Add Shading

Add shading can reduce
14% of electricity

Total Electricity Consumption of Cooling
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Add shading can reduce
23% of electricity
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. Centralized or decentralized AC for residential

Total Electricity Consumption of Cooling

-

System (kWh/m2-a)
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§ Space heating in southern urban buildings
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Heating in Yangtze river region, China

kWh/m2. a

40

30
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10

Heat pumps, COP=1.9
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M 18C
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Part time
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Wuhan
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space
space
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— Current level
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Indoor temperatures in winter
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kﬁ._ Heating In Yangtze river region, China
e

. o o )
2 Low indoor temperature (14°C~16C) & part time
part space heating Is the main reason of the low
energy use Iin heating in this area

2 With current decentralized system & market driven,
most people run their local heating in “ part time,
part space” way with ~6 kWh/m?a, (~2.5kgcoal/m?)

# When service with district heating system, energy
use would jump from 2.5kgCoal/m? to 10kgCoal/m?

& Should keep the low energy situation or force the
high quality service & high energy use by
Installation of district heating system?




Energy for residential exclude heating

Building energy consumption per unit floor area
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2 Current EC of residential building in China is
much lower than OECD countries

& The reason Is due to different ways In use of service
systems, with decentralized system and market
mechanism

@ When go to centralized systems without a effective
control & tariff system, energy consumption will go
up greatly such as the heating in North urban
China

% Some high energy consumption apparatus, such as
cloth dryer, not entry Chinese market is also one of
the reasons

- HERERAF IR s —
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.,. Case studies: Office buildings %

S .

Tsinghua school Tsinghua art school  Government office A Government office B
4650m?, 34kWh/m?a 64k m?, 65.7kWh/m?a 16k m?, 70.1kWh/m?a 37k m?, 113kWh/m?a

Towel in Shanghai  Office building A, USA Office building B, USA  Office building, Lyon
287k m?, 215kWh/m?a 6425m?, 364kWh/m?& 30k m?, 356kWh/m?a 17k m?, 165kWh/m?;
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' , Case study: BE in campus buildings
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Observations on a Campus in Beljing

Electricity of Campus Buildings (A), kWh/mZ2.a
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, Observations in Campus in Philadelphia

kWh.a/m2
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— Electricity of Campus Buildings (B),
kWh/mZ.a

Excluding District Cooling Plant
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2 Energy by fans for ventilation
= Air sealed buildings: 70 ~ 110 kWh/m?2.a
= Full air system: 30 ~ 70 kwh/m?.a
= Natural ventilated: <10 kWh/m2.a

# Operation hours
2 Way of operations, re-heat, etc

5 40
W/m Deg C — —Mz N L —IFz —Y —sb —sC
50 40 s
| 30
40 /\’\//\/\'\* 30’\ m m
30 | R S Y
20, V] A

20 Mond | | ‘ N\‘
Sunda onday 15 L
10 : y : : ; 10 | \J L\ ‘\f\/\
0 ! ! \ Ll \ \ ! 0 /\J W\ f \ “\ ’"\ ,ﬁ‘\ g

5_) \ ’N | ‘ \ @“ IS
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 =) o, b @ N ‘a,sl =\

f

= Power Ambient 0 ‘
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.,-,E.- Cooling consumed during summer

-
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Aug. 22 to 29, 2007 ™
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2 Cooling, 2005-2006
n 1,344,744 GJ
n 1.02GJ/m?

2 Office buildings in
other countries (GJ/m?)
= Beijing: 0.25~0.35
= Tokyo: 0.43
= Shanghai: 0.36

2 Heating, 2005-1006
= 1,108,598 GJ
n (0.84GJ/m?

2 Office building in other
countries (GJ/m?)
= Beijing: 0.15~0.35
= Tokyo: 0.45
= Germany: 0.4

HERERAF IR s —




Heating & cooling in an USA campus

-
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.,, Re-heat cost the most cooling & heating

<

2 AHU, typical state in October

~

22 C

»
»

{

A

17°C 21°C 14°C I 207C
Cooling Coll bl ' )
VAV box wit
Cooling: 264kW Re-heater
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2 Continue operation / part time operation for

# Mechanical ventilation / natural ventilation:

~

AC & lighting: ~ 2 times In total energy

more than 100 kWh/m? / less than 10 kWh/m?

@ Different set point for temperature: 50% In
cooling demand
2 VAV system / FCU or split unit

& With / without re-heat: 2 times In heating &
cooling demand
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£ B Reference value for Beijing non-residential

\
Function Normal High standard
(kWh/m?2.a) (kWh/m?2.a)

Office 30~50 90~160
Shop ~ 350 200~350
Hotel ~70 100~180
Classroom 15~45 65 ~ 100
Major differences between high standard & normal:
» Size and shape, natural lighting or artificial lighting
« Window opening, natural ventilation or mechanical vent.
 Air-conditioning, VAV, FCU or fully decentralized
 Envelope: glassing or normal

AKX FRAT Lk —J




.,-,E.- Two approaches for built environment

a4 _ _ . )
2= Mechanical first 2= Natural first
= Total control = Connect with natural
n Constant = Improve by mechanical

« Buil vate
* Main reason for the huge difference in energy consumption |
= AS . . yie
A between developed & developing countries
B AS

* There is some kinds of difference in service level provided

» Should the East keep this cultural & lifestyle rather than go
to the West?

* Itis the big challenge & the key issue for sustainable develop

/

= Part time & part space

& Operation e Operation
= Full time & full space

HERERAF IR s —



F8  Factors influence building energy use

Occupant act.
ay of operation.

Energy use

et point & schedule




- What does mean lifestyle here?

||||||

/& Demand of indoor environment )
s Temperature & humidity: constant / variety
= Qutdoor air: constant / variety
= Service operation: full time / in schedule

@ Adjust building fabric to coordinate with climate
= \WWindow opening for ventilation
= Shading adjusting for lighting & thermal

& Service system

= Full space / part space;
= Uniform / individual
= Centralized / decentralized
These should all be clearly defined and modeled in order to
study lifestyle related building energy performance
- FEKFRAT LTS _/

H T
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2 Combination of technique innovation &

green lifestyle

# What should be the “ design criteria” ?

= |n building energy prediction & performance
evaluation

= |n building & service system design
2 Green lifestyle cannot happen with
“standard” building & system design
= \Window open able?
= Service system adjustable individually?

HERERAF IR s —




E__E._ Different approaches to reach comfort

_ _ _ )
2 What level of insulation should be in Hong

Kong or Guangzhou?

= |f indoor temperature required is 22 'C~24C,
heavy insulation and airtight is recommended

= |f indoor temperature required 16°C~29°C,
light insulation, adjustable external shading &

nigh rate natural ventilation are most important,

neavy Insulation will increase cooling demand

£ What kind of building should be built? What
should be in the building energy code?
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g Ventilation with a heat
recover unit, fully closed
windows

= Constant outdoor air volume

= |nlet air state iIs always near
Indoor state due to high
efficiency heat recover

= 5 W/m2 for fan, that is
44 KWh/m2a

= 80 kWh/m?2.a cooling to exhaust
heat,

or 30 KWh/m?2.a electricity
s 44+30=74kWh/m?.a electricity

N\

£ Open window for natural
ventilation if outside is fair,
close window during
extreme hot & cold
= No fan energy

= 40 KWh/m?2.a cooling to
exhaust heat,

or 15 kWh/m?2.a electricity

= 20~30 KWh/m2.a more heat
for heating up outdoor air

or 15 kWh/m?.a electricity if
heat is provided by heat pump

s 15+15=30kWh/m?Z.a electricity

HERERAF IR s —
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g 2 Centralized air-conditioning for multi-family

residential buildings or decentralized?

= |f all 24 hours service with equal indoor climate,
centralized system may save energy by high efficiency

= |f only part time part space service required,
decentralized may only consume 10%~20% energy
comparing with centralized

# Why we do large district cooling system?
= Efficiency of centre plant may increase ~10%
= Large pump power consumed through piping network

= Suitable for equal cooled buildings, not suitable for “ part
time, part space” cooling demand
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. History and trend: energy in buildings
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Where the new economic group
countries such as India, Brazil, and
China, with 3 billion populations
will go?
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, Current building energy use (kg coal/a)
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1 Y Energy consumption in the world (2005)
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A _l Relationship between BEC and service &

A ™
 How the service level can be quantified?
 What is the goal of the service level?

O Paradise?

0 * Does the earth can support the “Paradise”?
Developed
countries

China
//
@

L

\ Service provided by building
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,E.,. Conclusion
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2 Huge difference in building energy consumption between
OECD & developing countries such as China

# The difference is not due to the techniques, but due to
lifestyle & culture

# Itis important to study how building energy related with
lifestyle

# Future solution for developing countries should be the
encouragement of green lifestyle and technique innovations
based on green lifestyle

# New criteria for building & system design and for energy
performance evaluation based on “green life style” should
be further studied and developed
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