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With the rapid de vel op ment of large-scale pub lic build ings, en ergy con sump tion
has in creased, of which the en ergy con sump tion of com pre hen sive com mer cial
build ings can reach 10~20 times the com mon build ing en ergy con sump tion, and
has great en ergy sav ing po ten tial. In this pa per, a large com pre hen sive com mer cial 
build ing in Chengdu is taken as an ex am ple to an a lyze the en ergy con sump tion
through the ac tual en ergy con sump tion data, viewed from the en ergy-sav ing and
emis sion-re duc tion and static in vest ment pay back pe riod point. The re sults show
that the en ergy sav ing rate of the build ing can be achieved by 32.64%, the emis sion
re duc tion is 6196.52 t CO2 per year, and the in vest ment re cov ery pe riod is only
about 0.90 years, which pro vides a ref er ence for sim i lar build ings.
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In tro duc tion

The rapid growth of eco nomic ac tiv i ties in China has led to in creas ing en ergy con sump -
tion in pub lic build ings. Ac cord ing to the in ves ti ga tion of Build ing En ergy Con ser va tion Cen ter
of Tsinghua Uni ver sity, China, the en ergy con sump tion of pub lic build ings in China ac counts for
27.9% [1, 2], and the pro por tion of com mer cial build ing con tin ues to show an up ward trend. In
this sit u a tion, the po ten tial re turns on en ergy-sav ing mea sure ments are enor mous. As a re sult, it is
of great sig nif i cance to im prove the en ergy man age ment and en ergy-sav ing re con struc tion of the
large-scale com mer cial build ings. Not only it can pro mote the uti li za tion of new en ergy, such as
so lar en ergy and cold-wa ter stor age, but also pro mote this study of new en ergy sources [3-6].

Re searches con cern ing the en ergy con sump tion char ac ter is tics, the en ergy sav ing
mea sures and the en ergy sav ing rate of com mer cial build ings are very top i cal and rap idly de vel -
op ing. Com pared with other pub lic build ings, the en ergy sys tem of com mer cial build ing is more 
com pli cated [7]. It mainly in cludes power dis tri bu tion sys tem, HVAC, light ing, build ing el e va -
tor, wa ter sup ply and drain age, of fice and some other en ergy equip ment. As for en ergy-sav ing
mea sures, it mainly in volves three as pects: con struc tion, tech nol ogy and man age ment. Com -
mon en ergy-sav ing mea sures more re fer to the last two, such as light ing mod i fi ca tion, HVAC
sys tem trans for ma tion, re new able en ergy uti li za tion, be hav ioral en ergy sav ing, and op ti mi za -
tion of man age ment sys tems [8, 9].
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En ergy con ser va tion tech nol ogy us ing in com mer cial build ings has at tracted ex ten -
sive at ten tion. This pa per is about one com mer cial build ing en ergy au dit in Chengdu, China
which was built in 2006, and en ergy-sav ing po ten tial anal y sis based on the en ergy con sump tion
data from 2012 to 2015. We hope to use the de tailed cal cu la tion of en ergy con sump tion, pay -
back pe riod (PBP) and emis sion re duc tion, and the above en ergy-sav ing mea sures ap plied to the 
ac tual pro ject, an a lyze its en ergy-sav ing po ten tial.

En ergy au dit of the build ing

Sur vey on the build ing en ergy sys tems

The com mer cial build ing is lo cated in Chengdu and used in 2006. Build ing area is
170000 square me ters, and a to tal of five floors (in clud ing un der ground), it is sym met ri cal lay -
out. The un der ground is a big su per mar ket, the first floor to the third floor is the de part ment
store, and the fourth floor is for the ca ter ing and en ter tain ment. Build ing en ve lope struc ture
based opaque glass cur tain wall, doors and win dows are tough ened glass. On the fourth floor,
the roof of the atrium is glass, with a ra di a tion proof sun shade film and the wa ter proof and heat
in su la tion mea sures of the opaque roof.

The air-con di tion ing sys tem of this build ing is a cen tral ized cold and heat source sta -
tion, with two di rect-fired lith ium bro mide ab sorp tion chill ers and two cen trif u gal chill ers. The
co ef fi cient of per for mance of the di rect-fired lith ium bro mide ab sorp tion chill ers is 1.19, and
the co ef fi cient of per for mance of cen trif u gal chill ers is 5.81. The cool ing ca pac ity of equip ment
is enough, so the cen trif u gal chiller ba si cally does not run. The air-con di tion ing ter mi nal units
of the shop ping mall are pack aged air con di tion ers, and some of the main stores are equipped
with fan coins and fresh air units. Heat ing op er a tion is gen er ally done dur ing De cem ber, Jan u -
ary, and Feb ru ary and cool ing op er a tion is gen er ally done dur ing the end of April to early No -
vem ber. The prop erty man age ment de part ment es ti mates the op er a tion cost of di rect-fired lith -
ium bro mide ab sorp tion chiller is 4 RMB*/m2, and the cen trif u gal chiller en ergy cost is 5
RMB/m2, in ad di tion, the cool ing ca pac ity of di rect-fired lith ium bro mide ab sorp tion chiller is a
greater pri or ity op er a tion.

The ven ti la tion sys tem of the un der ground rooms are equipped with some ven ti la tion
fans, the ga rages are on both sides of the build ing, which has a to tal of 6 floors (in clud ing mez za -
nine), the ga rage takes a non-closed en ve lope, so as to en sure air qual ity and save the ven ti la tion
and light ing en ergy con sump tion.

    The light ings of the pub lic ter ri tory and ga rage are en ergy-sav ing lamps and these
lamps will be re placed as LED lamps, and the light ings of the shops are in stalled by the rent ers.
Con trol mode is man ual con trol, and emer gency lamp for in duc tive con trol. Ac cord ing to tests,
the av er age light ing power den sity (LPD) is 15.67 W/m2 of the shops and the LPD of the ga rage
is 1 W/m2.

    This build ing has 44 el e va tors for dif fer ent pur poses, in clud ing 34 es ca la tors and all
the con stant fre quency op er a tion. The wa ter pumps and a fire-fight ing pool (800 m3) are all lo -
cated in the un der ground floor. Sew age di rectly dis charged to the mu nic i pal pipe net work. 

The sit u a tion of the build ing en ergy con sump tion 

To tal en ergy con sump tion

The big su per mar ket on the un der ground is man aged by a renter, which the en ergy
con sump tion data of it is not counted. There fore, this pa per fo cuses on the anal y sis of en ergy
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con sump tion of the above ground part of the build ing 
with con struc tion area of 149665.39 m2. The prop -
erty man age ment de part ment made monthly sta tis -
tics on elec tric ity con sump tion, wa ter con sump tion
and gas con sump tion from 2012 to 2015. Nat u ral gas 
is mainly used for air-con di tion ing and heat ing, and
ca ter gas me ter by the rent ers to ap ply for in stal la tion 
and self-pay ment, so this part of the ca ter gas con -
sump tion can not be mea sured in the to tal en ergy
con sump tion in the build ing.

Monthly elec tric ity con sump tion from 2012 to
2015 is shown in fig. 1, the fig ure shows that the an -
nual elec tric ity con sump tion with a weak up ward
trend, and the elec tric ity con sump tion in De cem ber
and Au gust in creased sig nif i cantly. Monthly con -
sump tion of gas trends are ba si cally the same as the
elec tric ity con sump tion. The elec tric ity, gas, and wa -
ter con sump tion data are con verted into stan dard
coal ac cord ing to the lo cal con ver sion co ef fi cient,
the en ergy con sump tion of the mall can be drawn, as
shown in fig. 2. From this fig ure we can see that elec -
tric ity ac counted for 85.19%, the fo cus of the en -
ergy-sav ing work of the mall is to save elec tric ity.

Sub-en ergy con sump tion

The com mer cial build ing has a to tal me ter, in ad di tion, ac cord ing to the house hold who
has in stalled the me ter, and equipped with some sub-me ter ing de vices. The con sump tion of each en -
ergy sys tem can be cal cu lated ac cord ing to the build ing's to tal me ter and sub-me ter ing de vices.

It can be con cluded that the av er age en ergy con sump tion of each en ergy sys tem from
2012 to 2015 is shown in tab. 1. It in di cates from the ta ble that the en ergy con sump tion of
air-con di tion ing sys tem is the big gest, and the en ergy con sump tion of ven ti la tion sys tem is the
low est. Fig ure 3 shows the av er age en ergy con sump tion ra tio of each en ergy sys tem from 2012
to 2015. As can be seen from fig. 3, the en ergy con sump tion of heat ing and air-con di tion ing sys -
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Figure 1. Monthly electricity consumption
from 2012 to 2015

Figure 2. Average energy consumption
composition from 2012 to 2015

Ta ble 1. Av er age en ergy con sump tion of each en ergy sys tems from 2012 to 2015

Pro ject name Elec tric ity (MWh) Nat u ral gas [m³] To tal equal value (tce)

Re frig er a tion sys tem 7038.57 561126 3003.94 

Heat ing sys tem 1867.79 235233 901.94 

El e va tor sys tem 925.28 0 305.34

Ven ti la tion sys tem 323.31 0 106.69

Liv ing wa ter pump 120.45 0 39.75

Light ing and ca ter ing 6839.45 0 2257.02

Build ing 17114.84 796359 6614.68

Com ment: 1 kWh elec tric ity = 0.33 kgce, 1 m³ nat u ral gas = 1.2143 kgce, the same be low.



tem has ac counted for more than half of the to tal 
en ergy con sump tion of the build ing, and
air-con di tion ing en ergy con sump tion is far
greater than the heat ing en ergy con sump tion.

En ergy con sump tion in dex

Ac cord ing to the build ing's to tal en ergy con -
sump tion, sub-en ergy con sump tion and con -
struc tion area, we can cal cu late the av er age en -
ergy con sump tion in dex and cost in dex. Ta ble 2
is the av er age en ergy con sump tion in dex of

each en ergy sys tem in the pe riod from 2012 to 2015. Ta ble 3 is the en ergy cost in dex of each en -
ergy sys tem from 2012 to 2015. From this ta ble we can con clude:
– From 2012 to 2015, the av er age in te grated elec tric ity con sump tion (non-wa ter) of the mall

was 133.93 kWh/(m2a). The con straint value and guid ance value of the non-heat ing en ergy
con sump tion in dex of the B class large shop ping build ing in the hot sum mer and cold win ter
area are 260 kWh/(m2a) and 210 kWh/(m2a), re spec tively, in the en ergy con sump tion
stan dards for civil build ings in China. Due to in com plete sta tis tics of en ergy con sump tion,
the av er age in te grated elec tric ity con sump tion is small, which can meet the re quire ments of
en ergy con sump tion stan dards for civil build ings.
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Figure 3. Average energy consumption ratio of
each energy systems from 2012 to 2015

Ta ble 2. Av er age en ergy con sump tion in dex of each en ergy sys tem from 2012 to 2015

Pro ject name
Stan dard coal
[kgcem2a–1]

In te grated lectricity 
[kWhm2a–1]

Stan dard ceoal
[kgceh–1]

In te grated elec tric ity
[kWhh–1]

Re frig er a tion sys tem 20.07 60.82 685.83 2078.27 

Heat ing sys tem 6.03 18.26 205.92 624.01

El e va tor sys tem 2.04 6.18 69.71 211.25

Ven ti la tion sys tem 0.71 2.16 24.36 73.82

Liv ing wa ter pump 0.27 0.80 9.08 27.50

Light ing and ca ter ing 15.08 45.70 515.30 1561.52

Build ing 44.20 133.93 1510.20 4576.36

Ta ble 3. En ergy cost in dex of each en ergy sys tem from 2012 to 2015 [RMBm2a–1]

Pro ject name 2012 2013 2014 2015 Av er age

Re frig er a tion sys tem 48.76 59.93 61.63 63.14 58.37

Heat ing sys tem 16.15 14.54 18.48 20.24 17.35

El e va tor sys tem 6.08 6.08 6.03 6.13 6.08

Ven ti la tion sys tem 2.12 2.12 2.11 2.14 2.12

Liv ing wa ter pump 0.79 0.79 0.78 0.80 0.79

Light ing and ca ter ing 44.28 43.35 42.48 49.74 44.96

Build ing 118.19 126.81 131.51 142.20 129.68



– From 2012 to 2015, the av er age en ergy con sump tion per unit of con struc tion area of the mall
was 44.20 kgce/(m2a), higher than the pub lic build ings' (schools, of fice build ings, shop ping
malls, ho tels, in for ma tion cen ters, etc.) en ergy con sump tion which is 37.48 kgce/(m2a) in
Chengdu, China. It has a cer tain en ergy-sav ing space.

– From 2012 to 2015, the av er age air-con di tion ing heat ing en ergy con sump tion of the mall
was 26.10 kgce/(m2a), which ac counted for 59.01%, much higher than the large pub lic
build ing air-con di tion ing heat ing en ergy con sump tion ra tio (28%) in Chengdu, China. It has
great en ergy-sav ing space.

– From 2012 to 2015, the av er age en ergy cost unit of con struc tion area is 129.68 RMB/(m2a),
and the trend is in creas ing year by year. Op er at ing costs can also be re duced by adopt ing
en ergy sav ing mea sures.

In door air qual ity

The out door en vi ron ment tem per a ture in Chengdu was 19-25 and rainy on Oc to ber 20, 
2016. Air-con di tion ing sys tem was not run ning when tested out door and in door ther mal en vi -
ron ment and in door air qual ity. The mea sure ment re sults are shown in tab. 4, and the test time is
10:00-11:00, Oc to ber 20th, 2016. The mea sur ing range and ac cu racy of the mea sur ing in stru -
ments are shown in tab. 5. From this ta ble we can see that in the ab sence of air-con di tion ing sys -
tem's op er a tion, the tem per a ture and rel a tive hu mid ity of the area meet the re quire ments of the
ther mal en vi ron ment in China. The CO2 con cen tra tion in the air-con di tion ing area is lower than
the limit value (1000 ppm), which meets the re quire ments of in door air qual ity.

Anal y sis of en ergy-sav ing po ten tial

En ergy sav ing ren o va tion of ex ist ing build ings, as a so cial and eco nomic ac tiv ity,
takes into ac count the ef fect of ren o va tion, and it also needs to con sider its in vest ment cost and
PBP. Usu ally we cal cu late the static in vest ment PBP and the car bon emis sion [10].

Eval u a tion in dexes of en ergy sav ing

Eco nomic eval u a tion

The static PBP anal y sis method ig nores the op er a tion cost and the time value of
money, which is widely used in the eco nomic anal y sis of build ing en ergy sav ing mea sures. In
this pa per, we only need to con sider the fi nan cial re cov ery abil ity of the pro ject, and the eco -
nomic anal y sis is car ried out by this method. The equa tion for PBP is:
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Ta ble 4. Test re sults of in door air qual ity

Area
CO2

con cen tra tion [ppm]
Tem per a ture 

[°C]
Rel a tive hu mid ity

[%RH]
Wind ve loc ity 

[ms–1]
Il lu mi na tion

(Lux)

Fourth-floor atrium 642 25.8 60.8 0.11 232

Third-floor atrium 632 26.4 57.9 0.17 264

Sec ond-floor atrium 631 25.8 60.3 0.05 79.8

Sec ond-floor aisle 792 25.7 60.8 0.08 354

Store 699 25.8 72.1 0.12 1139

Of fice 859 23.4 69.5 0.05 114.8

Ga rage 568 22.5 71 0.1 17.17

Out door 531 22.4 70.3 0.11 6909



PBP
IC

OC
=

D

D
(1)

where DIC is the to tal cost in crease af ter the en ergy-sav ing re con struc tion, RMB and DOC –
the dif fer ence in an nual op er at ing ex penses, RMB per year. The PBP are ex pressed in years
[11,12].

Car bon emis sion cal cu la tion

Car bon emis sions in clude di rect en ergy emis sions and in di rect en ergy emis sions, in -
dus trial pro duc tion pro cess emis sions and re cy cling, the equa tion for car bon emis sion is:

E E E E ECO D ID IP R2
= + + - (2)

where ECO2
is the to tal CO2 emis sions of the pro ject, t CO2 (ton of CO2, the same be low), ED – the 

di rect emis sions of en ergy,  that  is  the car bon emis sions  gen er ated  by  fos sil  fuel  com bus tion,
t CO2, EID – the in di rect emis sions of en ergy, that is the car bon emis sions gen er ated by net pur -
chase of elec tric ity and heat, t CO2, EIP – the emis sion of in dus trial pro duc tion pro cess, that is
the car bon emis sions gen er ated by other chem i cal re ac tions or phys i cal pro cesses in the pro cess
of in dus trial pro duc tion, t CO2, and ER – the amount of car bon which can be re cy cled in the pro -
cess  of  in dus trial pro duc tion, which is pro duced by the pro ject, but has been re cy cled as raw
ma te rial  or  so lid i fied  in  the  ex port  prod uct, thereby re duc ing the amount of car bon emis sions, 
t CO2.

The en ergy con sump tion of large com mer cial build ings is dom i nated by elec tric ity, so
in this pa per, we only con sider the in di rect emis sion of en ergy when we cal cu late of car bon
emis sion, the equation is:

E AD EF AD EFID e e h h= + (3)

where ADe is the net pur chase of elec tric ity, 104 kWh, EFe – the av er age an nual emis sion fac tors 
of power sup ply, 9.779 t CO2/104 kWh, ADh [GJ] – the net pur chase of elec tric ity heat, and EFh – 
the ther mal emis sion fac tors, 0.11 t CO2/GJ.
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Ta ble 5. In stru ments of test

Name Probe Func tion Range Ac cu racy

0.01 Lux to 19.99 Lux ± (0.02 Lux + 8% of r.)

A1091 Il lu mi na tion 20.0 Lux to 199.9 Lux ± (0.1 Lux + 8% of r.)

200 Lux to 1999 Lux ± (1 Lux + 8% of r.)

2000 Lux to 20000 Lux ± (10 Lux + 8% of r.)

Ther mal
com fort
tester

Ther mo cou ple Tem per a ture –200 to +1400 ± (1.0 °C +8% of r.)

A1144
Tem per a ture –40 to +60 ±0.1

Rel a tive hu mid ity 0% RH to 100% RH ± 0.1% RH

CO2 tester Testo 535
CO2

con cen tra tion

0 to + 5000 ppm CO2
± (50 ppm CO2 ± 2%

mea sured value)

+5001 to + 9999 ppm CO2
± (100 ppm CO2 ± 3%

mea sured value)



Dif fer ent sys tem's en ergy-sav ing po ten tial

The light ing sys tem

If the en ergy sav ing lamps and flu o res cent lamps are re placed with LED lamps, then
the pub lic area can be set with light in duc tion de vice or tim ing op er a tion to re duce light ing en -
ergy con sump tion. How ever, the build ing needs more 121200 RMB to the light ing ren o va tion,
and it can save op er at ing costs 269400 RMB per year, PBP are 0.45 years, and emis sion re duc -
tions is 265.57 t CO2 per year. The en ergy-sav ing ben e fit of it is shown in tab. 6.

The chill ers

If we can use the cold-wa ter
stor age tech nol ogy to save the
op er a tion cost by us ing the pol -
icy of peak and val ley
time-of-use elec tric ity price in
Chengdu, and the chiller is idle
at the peak of elec tric ity. Ac -
cord ing to the op er a tion from
May to Sep tem ber 2016, the
run ning time curve of each
chiller is shown in fig. 4. We
can see that it is fea si ble to use a
cen trif u gal chiller as a chilled
wa ter stor age chiller. The tem -
per a ture range of the cold wa ter
is 5-13, the cool ing time of the
cen trif u gal chiller is 23:00-7:00, 
and the trans for ma tion ben e fit is 
shown in tab. 7.

The pack aged air
con di tioner

The en ergy con sump tion of air-con di tion ing ter mi nal sys tem of the build ing ac -
counted for about 55% of the to tal, and the pack aged air-con di tion ers were con stant fre quency
op er a tion. If the pack aged air-con di tioner can be added with the fre quency con ver sion de vice,
the en ergy con sump tion of the air-con di tion ing sys tem can be saved. It is proved that this mea -
sure has a re mark able ef fect of sav ing elec tric -
ity and the elec tric ity sav ing rate is up to 44%
[13]. Af ter add ing the fre quency con ver sion
de vice, the en ergy sav ing ben e fits is shown in
tab. 8. From the ta ble, the fre quency con ver -
sion of pack aged air-con di tioner need to be
more in vested 1 mil lion RMB, the PBP are 0.83 
years, the re duc tion is 991.03 t CO2 per year.

Be sides, the pack aged air-con di tioner can
take heat re cov ery tech nol ogy to re cover the
ex haust air of the cold or heat, pre-cool ing or
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Ta ble 6.  Ben e fits of light ing re form

Name
Power
[kW]

Quan tity
Light ing
time [h]

Si mul ta neous
co ef fi cient

[%]

Con sume
power
[kWh]

En ergy
sav ing
lamp

0.018 3443 4380 75 203.58

T5 0.028 4015 4380 75 369.30

T5 0.024 480 4380 75 37.84

T8 0.018 222 4380 75 13.13

T8 0.036 1166 4380 75 137.89

LED lamp 0.016 9326 4380 75 490.17

Power sav ing 271.57 MWh

Emis sion re duc tion 265.57 t CO2

Re duce cost 269400 Yuan*

In vest ment 121200 Yuan

PBP 0.45 year

*6.27 Yuan = 1 $
Com ment: the av er age price of elec tric ity is 0.99 RMB/kWh, the same be low

Figure 4. Running time curve of each chiller



pre heat ing fresh air to achieve en ergy
sav ing. The en ergy sav ing rate of heat re -
cov ery de vice is about 6.5% [14], the
ben e fits of pack aged air-con di tioner af ter 
ex haust air heat re cov ery is shown in tab.
9. As we can see from the ta ble, the ex -
haust air heat re cov ery de vice need to be
in vested 2 mil lion RMB, the PBP are
2.63 years, the re duc tion is 752.34 t CO2

per year.

En ergy sav ing po ten tial in
man age ment

En ergy sav ing of be hav ior should fo cus 
on the light ing sys tem and air-con di tion ing
sys tem man age ment. The re search shows
that through the es tab lish ment of be hav -
ioral en ergy sav ing man age ment sys tem,
light ing en ergy con sump tion can be re -
duced by 22%, air-con di tion ing en ergy

con sump tion can be re duced by 15%. The en ergy sav ing ben e fits  of  be hav ior  man age ment  is 
shown  in  tab.  10, the ta ble shows that en ergy sav ing be hav ior can  save  elec tric ity  3279.99  MWh,  
save  costs  3.28  mil lion  RMB,  and re duce emis sion 3207.51 t CO2 per year.

The build ing can in stall smart elec tric ity me ters, and then add some in tel li gent gas me -
ters, in tel li gent wa ter me ters and a mon i tor ing sys tem, it can also build a pub lic build ing en ergy
reg u la tory plat form to achieve a com pre hen sive real-time mon i tor ing of wa ter, elec tric ity and
gas. Ac cord ing to the U. S. De part ment of en ergy sta tis tics, the ef fi cient en ergy man age ment
sys tem can help the build ing re duce 5% to 25% of en ergy and the en ergy-sav ing cal cu la tion by
5%. As en ergy sav ing and in vest ment of the en ergy man age ment sys tem shown in tab. 11, the
en ergy reg u la tory plat form need to in vest 1 mil lion RMB, the PBP are 1.01 years, the re duc tion
is 980.07 t CO2 per year.
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Ta ble 7. Ben e fit of chilled wa ter stor age

Re frig er at ing

ca pac ity [kW]

Power
[kW]

Cool-stor age 
ca pac ity
[kWh]

Elec tric ity
con sump tion 

[kWh]

Elec tric ity
price

dif fer ence
[RMB/kWh]

Re duce cost 
(104 RMB)

Vol ume
[m3]

In vest ment
(104 RMB)

PBP
[Year]

3164.4 544.8 25315.2 4358.4 0.78 81.97 1925 250 3.05

Ta ble 8.  The ben e fits of fre quency con ver sion
ren o va tion of pack aged air con di tioner

Equip ment
power [kW]

Quan tity
Run ning
time [h]

Power
sav ing

rate [%]

Power
sav ing

[MWH]

30 4 2520 44 133.06 

22 2 2520 44 48.79

15 34 2520 44 565.49

11 24 2520 44 292.72

5.5 12 2520 44 73.18 

18.5 3 2520 44 61.54

4 10 2520 44 44.35

To tal power sav ing 1219.13 MWh

Re duce cost 1.21 mil lion RMB

Emis sion re duc tion 991.03 t CO2

In vest ment 1 mil lion RMB

PBP 0.83 years

Ta ble 9. Ben e fits of ex haust air heat re cov ery

Air-con di tion ing
con sump tion

[MWH]

Power sav ing
rate [%]

Power sav ing 
[MWh]

Re duce cost 
[104 RMB]

Emis sion
re duc tion [t CO2]

In vest ment
[104 RMB]

PBP
[year]

11835.98 6.5 769.34 76.16 752.34 200 2.63



Sum mary of en ergy-sav ing re con struc tion ben e fits

Through these en ergy-sav ing mea sures, we can ef fec tively solve the fourth floor's
com fort prob lems in sum mer by op ti miz ing en ergy-us ing equip ment and op er a tional strat e gies,
re cy cling waste heat and max i miz ing en ergy sav ings in prem ise with meet ing the com fort re -
quire ments. At the same time, we should make full use of low power load at night to save op er at -
ing costs.

Af ter the im ple men ta tion of the pre vi ous trans for ma tion pro gram, the ben e fits of en ergy
sav ing trans for ma tion are sum ma rized in tab. 12. The whole pro ject needs to be in vested 6.62 mil -
lion RMB, sav ing op er at ing costs 7.33 mil lion RMB per year, sav ing stan dard coal costs 2158.94 t
per year, the PBP are 0.90 years, emis sion re duc tions is 6196.52 t CO2 per year.
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Ta ble 10. Ben e fits of be hav ior man age ment

Name Con sump tion
En ergy sav ing

rate [%]
Sav ing

Re duce cost 
[104 RMB]

Power sav ing
[MWh]

Light ing power
con sump tion [MWh]

6839.45 22 1504.68 149.26 1504.68

Air-con di tion ing gas
con sump tion [m3]

796359 15 119453.85 46.35 439.36

Air-con di tion ing power
con sump tion [MWh]

8906.36 15 1335.95 132.53 1335.95

To tal power sav ing 3279.99 MWh

To tal re duce cost 3.28 mil lion RMB

Emis sion re duc tion 3207.51 t CO2

Ta ble 11. Ben e fits of en ergy man age ment sys tem

To tal elec tric ity
con sump tion

[MWH]

Power sav ing
rate [%]

Power sav ing 
[MWh]

Re duce cost
[104 RMB]

Emis sion
re duc tion [t CO2]

In vest ment
[104 RMB]

PBP
[year]

20044.47 5.00% 1002.2 99.22 980.07 100 1.01

Ta ble 12.  Sum mary of en ergy-sav ing re con struc tion ben e fits

Pro ject
Power sav ing

[MWh]
Coal sav ing 

[tce]
Emis sion

re duc tion [t CO2]
Re duce cost
[104 RMB]

In vest ment 
[104 RMB]

PBP [year]

Be hav ior
man age ment

3279.99 1082.40 3207.51 328.14 – –

En ergy
man age ment

1002.22 330.73 980.07 99.22 100 1.01

Light ing
re form

271.57 89.62 265.57 26.94 12.12 0.45 

Chilled wa ter
stor age

– – – 81.97 250 3.05

Fre quency
con ver sion
re form

1219.13 402.31 991.03 120.69 100 0.83

Heat re cov ery 769.34 253.88 752.34 76.16 200 2.63

To tal 6542.25 2158.94 6196.52 733.12 662.12 0.90



Con clu sion

The en ergy-sav ing re con struc tion of the mall can save stan dard coal 2158.94 t per
year, the over all en ergy sav ing rate reached 32.64%, emis sion re duc tions are 6196.52 t CO2 per
year, while the com pre hen sive in vest ment re cov ery pe riod are only 0.90 years, en ergy-sav ing
and emis sion-re duc tion ef fect are re mark able.

The large-scale of com mer cial build ings have great en ergy-sav ing po ten tial. The im -
prove ment schemes pro vided in this pa per are fea si ble so lu tions and have ref er ence value for
sim i lar build ings. But at the same time, we should not blindly pur sue new tech nol o gies and new
pro grams dur ing en ergy-sav ing re con struc tion. We should com bined with the char ac ter is tics of
the build ing it self based on the ac tual en ergy con sump tion, choose the ap pro pri ate trans for ma -
tion pro gram af ter en ergy con sump tion au dit, oth er wise, it may back fire.
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