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The energy conservation of campus buildings is the most direct and effective means to
promote the sustainable development of colleges and universities. Using the heat data
collected by heat supply monitoring platform to perform real-time energy consumption
analysis and heating energy efficiency evaluation is a prerequisite for realizing automatic
heat supply control based on energy conservation and heating demand. This paper studied
the energy conservation analysis and comprehensive energy efficiency evaluation of
campus central heating system based on the heat supply monitoring platform. At first, the
paper elaborated on the energy consumption analysis method of the campus central heating
system based on the heat supply monitoring platform; then, it gave the energy balance
equation and the exergy balance equation; after that, based on a few parameters such as the
EHR (electricity to heat ratio), heating index, and water makeup rate, this paper evaluated
the energy efficiency of the campus central heating system, and experimental results

verified the effectiveness of the analysis and evaluation methods.

1. INTRODUCTION

With the progress of urbanization in China, the energy
consumption of buildings is on the rise. Relevant research
warned that, if no effective energy-saving measure is taken,
it’s estimated that by 2030, the energy shortage of building
energy consumption will exceed 30%, and the annual
electricity consumption and standard coal consumption will
reach 1.6 trillion kilowatt-hours and 650 million tons,
respectively [1-3]. Now in China, there’re more than 3,000
higher educational schools, the number of students and faculty
members on campus is more than 40 million, and the energy
consumption of campus buildings accounts for about 7.5% of
the total social energy consumption [4, 5]. Therefore, the
energy conservation of campus buildings is the most direct and
effective means to promote the sustainable development of
colleges and universities [6, 7]. In recent years, the Internet of
Things (IoT) is developing rapidly, building an IoT-based
campus heat supply monitoring platform can effectively
improve the controllability and management efficiency of heat
supply on campus, thereby realizing the goal of reasonable and
efficient use of energy [8-10].

The transformation of heating systems based on energy
management contracts has the advantage of gaining a win-win
situation for cooperative enterprises [11-17]. To facilitate the
calculation of the energy-saving space of heating systems in
special environment, Shen et al. [18] constructed an analysis
model of system energy consumption and indicator diagnosis
that comprehensively considered the differences among
regions and heat supply types, and gave a detailed introduction
to the analysis methods of energy consumption indicators of
heating systems such as horizontal and vertical comparison
analysis methods. Martin-Du Pan et al. [19] proposed a
method for determining the energy consumption reference
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value of heating systems based on standard indoor temperature
of buildings and gave a real-time analysis method of energy
consumption indicators. Ichinose et al. [20] simplified the
calculation process of the energy consumption reference value
of regional heating systems with different meteorological
parameters, their method effectively solved the data
processing problems caused by incomplete heating data and
complex calculations in engineering practice. Olorunmaiye
and Awolola [21] reformed the water source heat pumps and
gas boilers in a heating system of regional community
buildings, they built a comprehensive evaluation system of
central heating system from the perspectives of energy
consumption, renovation cost, and environmental protection,
and assigned proper weight values for the evaluation
indicators. Based on the statistical data of energy and water
consumption during the heating period of a normal university,
Karatasou et al. [22] calculated the operating efficiency of the
heat source, the delivery efficiency of the supply and return
water pipe network, and the separate hydraulic balance of each
building; the also gave a few countermeasures for improving
the energy efficiency and adjusting the hydraulic balance.
Based on the heating data of different types of buildings and
heat exchange stations provided by the regional heat supply
monitoring platform, Rim et al. [23] plotted the indoor
temperature and heat supply curves under different heating
demand conditions, and analyzed the differences in energy
efficiency of regional heat supply under the intermittent
heating mode.

The regulation and control of the operating conditions of the
campus central heating system need to consider various factors
such as the changes in the heat amount supplied by the heat
source, and the water pressure of the heat supply pipe network,
etc. [24-28], therefore, using the heat data collected by the heat
supply monitoring platform to perform real-time energy
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consumption analysis and heating energy efficiency
evaluation is a prerequisite for realizing automatic heat supply
control based on energy conservation and heating demand.
However, currently there’re few relevant studies, so in order
to fill in this research gap, this paper proposed a new method
for analyzing the energy consumption of campus central
heating system based on a campus heat supply monitoring
platform, and a new method for evaluating the comprehensive
energy efficiency of the heating system. The second part of the
paper elaborated on the new energy consumption analysis
method of the campus heating system based on the heat supply
monitoring platform, and gave the energy balance equation
and the exergy balance equation; the third part of the paper
evaluated the energy efficiency of the campus central heating
system using a few parameters such as EHR, heating index,
and water makeup rate of the system; at last, the paper used
experimental results to verify the effectiveness of the proposed
analysis and evaluation methods.

2. ENERGY CONSUMPTION OF CAMPUS HEATING
SYSTEM BASED ON HEAT SUPPLY MONITORING
PLATFORM

2.1 The energy balance method

The energy
input by the
heat source to
the heating

system

Loss of the

The energy

heat source
Loss of the
transferred to the
supply water

supply water
pipe network
pipe network

The energy
transferred to the heat

exchange stations

Figure 1. Energy flow model of the water supply pipe
network of campus central heating system

A campus central heating system mainly consisted of three
parts: the heat source, the supply water pipe network, the
return water pipe network, and the heat exchange station.
Figure 1 shows the energy flow model of the system. Within
the time limit of this research, it’s assumed that, F, R, and D
respectively represent the fuel consumption of the heat source
of the campus heating system, the water consumption of the
heat source of the campus heating system, and the electricity
consumption of the auxiliary machine of the heat source of the
campus heating system; W2, represents the lower heating
value (LHV) of the fuel; 2W;, XWgp, and Wk respectively
represent the heating value of the fuel, the equivalent heat of
the water consumption, and the equivalent heat of the
electricity consumption of the auxiliary machine of the heat
source, then there are EWi=F-W50 and
IWEIWi+2ZWec+2ZWrp. Suppose Wi represents the actual
annual heat supply of the heat source of the campus heating
system, then, the comprehensive efficiency of the heat source
01 can be described by Formula 1:
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X We

5 =
TTIw,

(1)

During the operation period of the central heating system,
properties of the heating medium such as temperature and flow
would change in real time, and its enthalpy value would also
change accordingly. Suppose ep and ec respectively represent
the enthalpy of the supply and return heating medium at a
certain time moment, and H(#) represents the flow of the
heating medium, then, the actual heat supply of the heat source
of the campus heating system can be calculated by Formula 2:

DW= [ HEO e - ey dt @)

t
t1
Within the time limit of the research, suppose Wz represents
the heat dissipation of the heating medium at the heat source
outlet; wp and wc respectively represent the temperature of the
supply and return heating medium at a certain time moment; ¢,
and £, represent the start and end time of heating; SH represents
the specific heat capacity of the heating medium; o represents
the density of the heating medium flowing through the heat
meter; then, the effective heat utilization efficiency o, of the
boiler room or the thermal power plant can be expressed as
Formula 3:

8, = il (3)
2T Y Wr + X Wee + X Wy
The value of Wi can be calculated by Formula 4:
t2
We= [ oSH-HOW@ - pe@lde @
t1

Suppose: 2ES*(ex-e1) represents the actual heat supply
output by the heat exchange station of the campus heating
system; X Wgs.. represents the total heat obtained by the heat
exchange station; R" and D" respectively represent the water
consumption of the heat exchange station and the electricity
consumption of the auxiliary machine of the heat source; then,
the heat exchange efficiency of the heat exchange station o4
can be expressed by Formula 5:

L SES-i)
Y Wgs_e + D*wpg + R*wy
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The delivery efficiency of the primary pipe network from
the first-stop heat source to the heat exchange station ds can be
calculated by Formula 6:

xw,

5. =2 E57¢ %1000 6
5= /o ©)

2.2 The exergy balance method

This paper adopted the black box model to analyze the
exergy balance of the campus central heating system. The
system has two processes: the steam turns into hot water
through heat source exchange, and the hot water returns to heat
source through the supply and return water pipe network. This
paper analyzed the exergy of the heating system according to
the flow direction of heat energy and constructed the
corresponding exergy analysis model, see Figure 2.
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Figure 2. Exergy analysis model of campus central heating
system

FUCc represents the exergy value provided by the boiler
room or thermal power plant to the campus central heating
system, its value could be determined by the temperature and
flow. FU, represents the exergy provided by the system to the
supple water pipe network, its value could be read from the
heat meter; FUs represents the exergy received by the heat
exchange station from the supply water pipe network; FU,
represents the exergy received by the return water pipe
network from the heat exchange station; FUs represents the
exergy received by the system from the return water pipe
network; ECcp and ECrp respectively represent the electricity
consumption of the hot water circulation pump and the water
make-up pump; FUsc represents the exergy of the steam
condensate that is determined by temperature and pressure;
FUrp represents the exergy consumed for water make-up;
FUir represents exergy loss caused by water leakage; FUy
represents the exergy output by the heat exchange station. The
exergy flow of the campus central heating system is consisted
OfFUc, ECCP, ECFP, FUsc, FUWR, FULR, and FUw.

In the central heating system, hot water is the main heat
medium, it flows through the supply water pipe network, the
heat exchange station, the return water pipe network, and
finally returns to the heat source. According to the flow
direction of the hot water, a series-form exergy analysis model
of the central heating system was established. Suppose: W
represents the heat load of the heat exchange station; #'rp and
Wik represent the energy loss caused by water leakage and the
total energy loss of the central heating system; Wc represents
the energy of the waste-heat steam of the boiler room or the
thermal power plant; Wrp and Wsc represent the energy carried
by the supply water and the energy carried by the condensate
water; ECcp and ECrp represent the electrical work of the hot
water circulating pump and the electrical work of the water
make-up pump. Formula 7 shows the energy balance equation
of the campus central heating system:

=W+ WF"P + WLR + WSC (7)

The energy utilization rate J of the central heating system

can be calculated by Formula 8:

w
o=

®)

Suppose 2DA; represents the total exergy loss inside the
system, then the system exergy balance equation can be
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constructed based on the exergy flow during the heat supply
process of the system to the classroom buildings, dormitory
buildings, and the residential area for school employees, see
Formula 9:

FU. 4+ ECep + ECpp + FUpp
= FUy + FU,p + FUg + Z pa, ©

The first law of thermodynamics requires that the input
exergy in Formula 9 is greater than or equal to the output
exergy. Based on Formula 9, the exergy efficiency calculation
formula of the system model could be obtained:

FU,

T FUq + ECep + ECpp + FUpp
=1

8

" FU. +ECep + ECpp + FUpp
_ USC

FU.+ECep + ECpp + FUpp
% DA;

FU.+ECep + ECpp + FUpp

(10)

According to above formula, the value range of exergy
efficiency dj is [0,1]; this value reflects the comparison of the
homogeneous energy of the system and the impact of internal
and external energy loss relatively truthfully, to a certain
extent, it could describe the completeness of the system design.

When analyzing the exergy balance of the campus central
heating system, it is necessary to explore deep into the
distribution of local exergy loss and its causes. Suppose: DA
represents the exergy loss of the heat source of the campus
central heating system, because the hot water of the return
water pipe network directly returns to the boiler room or
thermal power plant, its exergy does not do any work, so the
value of FUs can be considered to take 0, then, for the heat
source of the campus central heating system, the exergy
balance equation can be established as Formula 11:

=FU2+FULR+DA1 (11)
where, DA can be calculated by Formula 12:
DAy =FU;+ECcp + ECpp + FUpp + FUs — FU, (12)

_FULR

Suppose: DA, represents the exergy loss of the supply water
pipe network, since the exergy values of the inlet and the outlet
water pipe networks constitute the total exergy of the supply
water pipe network, there is:

FU, =FU; + DA, (13)

That is, DA; is the difference between FU, and FUs;. The
loss of the supply water pipe network caused by exergy loss
and the friction loss of the pipeline and the hot water together
constitute the exergy loss of the supply water pipe network.
Suppose DA3 represents the exergy loss of the heat exchange
station, then the exergy balance equation of the heat exchange
station could be described by Formula 14:



The exergy loss of heat transfer of temperature difference,
the exergy loss of heat exchange, and the mechanical exergy
loss together constitute the exergy loss of the heat exchange
station. Suppose DA, represents the exergy loss of the return
water pipe network, similar to that of the supply water pipe
sections, the exergy balance equation of the return water pipe
network could be described by Formula 15:

3. EVALUATION OF THE ENERGY EFFICIENCY OF
CAMPUS CENTRAL HEATING SYSTEM BASED ON
HEAT SUPPLY MONITORING PLATFORM

EHR is usually used to evaluate whether the selected type
of hot water circulating pump is suitable or not, the numerical
value of EHR is equal to the electricity consumption for
delivering per unit heat. Suppose: M represents the shaft power
of the water pump under the design working conditions; P
represents the heating load on campus; ¢ represents the
efficiency of the motor and the transmission parts; Ak
represents the design temperature difference between supply
water and return water; 2K represents the total length of the
main pipe line of the outdoor supply and return water pipes;
then, according to the stipulation of Design Standard for
Energy Efficiency of Public Buildings (GB50189-2015), the
EHR of the hot water circulating pump of the campus central
heating system can be defined as follows:

M 0.0056(14 + K
EHR = — << (—ﬂZ)

P Ah

(16)
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Figure 3. Rotate speed change of the hot water circulating
pump

Figure 3 shows the change of rotate speed (n) of the hot
water circulating pump with shaft power (M), pressure (Q),
and flow (CW), there’re certain proportional relationships
between M, Q, CW, and n. Suppose 2Pr represents the daily
heat supply of the campus central heating system; y and o
represent the daily electricity consumption of the hot water
circulating pump and its daily operating hours; p represents the
heating load under the design working conditions; S represents
the equivalent building area on the campus that needs heating;
then, according to the stipulation of Design Standard for
Energy Efficiency of Civil Buildings (JGJ26-2010), the value
of EHR should satisfy the inequality shown as Formula 17:

0.0056(14 + B X K)
Ah

14 o-M

EHR = =
SP. 24p-S

(17)
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The water transport factor (WTF) is usually used to measure
the utilization rate of the hot water circulating pump of the
campus central heating system, its numerical value is equal to
the heat supply for per unit power delivered by the hot water
circulating pump, to a certain extent, it reflects the level of the
work done by the hot water circulating pump, and its value is
the reciprocal of EHR. Suppose: (WTF)pr represents the
theoretical WTF under the design working conditions, then
there is:

WTF >> 0.6(WTF)p, (18)
Suppose HAH represents the heating index, then Formula
19 gives its calculation formula:

HAH X S

WTF =
M

(19)

Suppose HUH represents the total heat consumption of
student users and teacher users; WPS represents the electricity
consumption of the hot water circulating pump; p represents
the product of the frictional resistance of the pipeline and hot
water and the equivalent length percentage of the local
resistance of the main line of the supply and return water pipes,
then there is:

WTF = s (20)
As for (WTF)py, there is:
7650
(WTF)PL=m (21)

Suppose 6, BS;, and CW respectively represent the water
make-up rate of the central heating system, the water make-up
amount per unit time, and the design circulating water amount
per unit time; then the degree of water loss of the system (6)
could be calculated by Formula 22:

BS;

6 = —x 100 % (22)

Parameter HD is often used to evaluate the degree of
hydraulic imbalance of a heating system, its numerical value
is equal to the ratio of the actual flow CWp of the thermal users
to the design flow CWk:

HD = CWp/CWy (23)

Parameter QT is often used to evaluate the room
temperature qualification rate of the energy efficiency of the
central heating system, its numerical value is equal to the ratio

of the number of houses with qualified room temperature v to
the total number of houses tested V-

v
QT =1; X 100 % (24)

The efficiency of outdoor supply water pipe network (Jpw)
is often used to evaluate the energy utilization of the heating
system, its numerical value is equal to the ratio of Wy the
actual heat obtained by campus buildings (such as classroom
buildings, dormitory buildings, and library buildings) to ZWy
the output heat of the heat source of the system:



o = i (25)

Suppose g, and C represent the area heating index and the
number of heat supply days of the central heating system; w
represents the room temperature qualification rate for
reasonable system heat distribution, then, for a campus central
heating system without a heat supply monitoring platform,
there is:

24X36XgsXSxC
X Wy

Spy = X w

(26)

For a campus central heating system with a heat supply
monitoring platform, all heating data come from the database
of the platform. Figure 4 gives the structure of the campus heat
supply monitoring platform, which is mainly consisted of four
sub-systems: central heating data collection sub-system,
monitoring platform operating sub-system, data storage sub-
system, and data publishing and processing sub-system.
Suppose W; represents the heat consumption of each building
on the campus, then, for a campus central heating system
equipped with heat meters, there is:

v
=1 Wi

S, 27)

Spy =

During the actual operation of the campus central heating
system, the actual annual heat supply of the heat source of the
system can be calculated based on the actual situation of
whether the school has installed heat meters.

For a campus central heating system that hasn’t installed
heat meters, suppose G, represents the actual annual heat
supply duration on the campus; w,, and w,u represent the
target indoor temperature and the measured indoor
temperature; wo and wou represent the average outdoor
temperature and the measured outdoor temperature; CWy

represents the flow of the heat source of the heating system
under actual measurement conditions; wry and ycu represent
the measured temperature of the supply water and the return
water; then, during the heating season from mid-November to
mid-February of the following year, the heat gain of per unit
heating area on the campus wp could be calculated by Formula
28:

U
w,

b lpmM

— o)
- lpOM

X Wy (28)

The measured heating index wy could be calculated by

Formula 29:

Y XaxXCWyXSHX WYry
S

= Yem)

wy = (29)

The actual annual heat supply of the heat source of the
system could be calculated by Formula 30:

HA
W¢=87XWPXGAX6—
PN

(30)

Since there’re differences in the measured indoor
temperature of different types of buildings. w.w could be
calculated using the method of weighted mean, as Formula 31:

n—m HAi X ll)mMi

Yom = A (31)
Combining Formulas 29 and 31, there is:
ZWI,, =877 Y lfp"’ XW-g-CWy-SH
. 1000 (32)
: (lpRM Gy

_l/)CM)XWX
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Figure 4. Structure of the campus heat supply monitoring platform
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To improve the efficiency, accuracy, and timeliness of the
heat meters, a wireless service module terminal was installed
at the heat exchange station of the campus heating system to
realize data transmission among the heat supply control
cabinet, the heat meters installed in each campus building, and
the server. Figure 5 shows the data transmission principle of
the campus heat supply monitoring platform. For the campus
central heating system that has installed a heat supply
monitoring platform, the annual heat supply W, of the heat
source can be obtained directly from the readings of the heat
meters. Suppose: ¥ represents the comprehensive correction
coefficient of relative density and specific heat, then there is:

ZWlp:ftle’-a-SH-H(t)
L (O — e(©]dr

(33)

Suppose: wgy represents the heating index of buildings on
the campus; G represents the low calorific value of standard
coal; dgrepresents the average operating efficiency of the heat
exchange stations; then the coal consumption index per unit
heating area wgs could be calculated by Formula 34:

24CWG

=———— %3600
861 6pn - Gum

Wym (34)
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Figure 5. Data transmission principle of the campus heat
supply monitoring system

4. EXPERIMENTAL RESULTS AND ANALYSIS

There are 24 dormitory buildings on the campus, wherein
14 buildings are located in the east line, and 10 buildings are
located in the west line, and each dormitory building has 120
student dormitory rooms. Figure 6 shows the hydraulic
balance of heat supply in 80 dormitory rooms in an east line
dormitory building. According to the stipulation of Standard
for Energy Efficiency Inspection of Heating Residential
Buildings (JGJ132-2016), the value range of the hydraulic
balance of the inlet of supply water pipe network is [0.9,1.2].
Among 80 dormitory rooms, the hydraulic balance of 8 rooms
was less than 0.9, the hydraulic balance of 72 rooms was
greater than 1.2, it can be seen that the heat supply of most
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dormitory rooms was hydraulically unbalanced, and the actual
flow was greater than the design flow; its purpose is was to
meet the requirement that the heat flow of the dormitory at the
farthest end could reach the design flow. The heat supply
monitoring platform increased the volume of circulating water
in the supply and return water pipe networks, so that when the
pipe network was under large flow operation conditions, the
supply heat consumption and the energy conservation
potential were both greater.

Figure 7 shows the changes of heat supply in the teaching
area on the study campus during the 2020 winter heating
season, as can be seen from the figure, the heat supply in the
teaching area is not greatly affected by the fluctuation of
outdoor temperature. Before being controlled by the heat
supply monitoring platform, the teaching area adopted the
secondary pipe network constant supply water temperature
mode, however, due to the obvious front-end limitation of the
supply water flow, the adjustment of room temperature is
seriously lagging, therefore it’s necessary to implement
passive control measures on the heat supply temperature.

The total heat load of the heat supply pipe loop in the
teaching area on the study campus was 1478.2Kw, the
circulating hot water flow was 68.24T/h, and the diameter of
the supply and return water pipe network was DN200. Table 1
shows the hydraulic calculation results of the pipe loop. The
total heat load of the heat supply pipe loop in the dormitory
area was 1658.2Kw, the circulating hot water flow was
79.36T/h, and the diameter of the supply and return water pipe
network was also DN200. Table 2 compares the flow of the
heat supply pipe loop in the dormitory area before and after
the heat supply control. Before heat supply control, the design
flow of the student dormitory area was 88.72t/h, the actual
flow of the heat supply pipe loop under full load operating
conditions was 123.58t/h, and the degree of hydraulic
imbalance was 1.39.

Figure 8 shows the instantaneous heat flow in the teaching
area at different hours. According to the figure, buildings in
the teaching area adopted an intermittent heating mode, that is,
central heating was turned on from 6:00 am to 18:00 pm (the
teaching hours), and was turned off from 19:00 pm to 5:00 am
(the next day) (the non-teaching hours). The instantaneous
heat flow during the teaching hours was much greater than that
during the non-teaching hours. Through the heat supply
control of the heat supply monitoring platform, the teaching
area on the campus could realize energy saving through
intermittent heating.

7

6
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Figure 6. Hydraulic balance of heat supply in a dormitory
building in the east line before heat supply control



Table 1. Hydraulic calculation of heat supply pipe loop in the teaching area

Pipeline No. Diameter  Flow Flow speed  Unit friction loss Resistance loss of pipe section Cumulative resistance loss
1 220 75.32 0.573 3.25 0.75 0.76
2 160 56.03 0.826 7.35 0.27 0.98
3 160 39.71 0.579 3.62 0.35 1.35
4 80 5.07 0.386 3.54 0.23 1.62
5 130 22.92 0.475 2.71 0.08 0.03
6 60 3.75 0.482 11.35 0.95 0.85
7 160 35.69 0.513 2.75 0.08 0.03
8 70 18.63 0.961 18.69 0.35 0.25
Table 2. Flow of heat supply pipe loop in the dormitory area before and after heat supply control
Building No Target flow Flow before heat supply Flow after heat  Degree of hydraulic imbalance
) value Ho control Hp supply control H4 Hs/Ho Hi/Ho
Heat exchange station 88.72 123.58 110.61 1.35 1.39
1# dormitory building 6.35 15.92 9.62 2.72 1.43
2# dormitory building 6.43 16.71 9.35 2.44 1.46
3# dormitory building 6.43 10.82 8.72 1.37 1.48
4# dormitory building 6.43 10.56 7.65 1358 1.43
5# dormitory building 6.98 6.72 7.93 0.93 1.42
6# dormitory building 5.71 5.58 8.51 0.95 1.35
7# dormitory building 14.35 17.91 7.62 1.34 1.36
8# dormitory building 15.27 18.06 19.53 1.26 1.34
9# dormitory building 6.85 5.84 8.75 0.83 1.25
10# dormitory building 13.88 11.25 13.39 0.97 1.23
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Figure 9. Heat supply changes on campus

According to the electricity consumption data of hot water
circulating pumps before and after heat supply control listed
in Table 3, it can be seen that, before heat supply control, the
electricity consumption data of the hot water circulating
pumps at each heat exchange station on the campus was
251,000 kWh; while after the heat supply control, this value
was 160,900 kWh, an electricity consumption of 90,100 kWh
had been saved. The significant reduction in the electricity
consumption was achieved because the heat supply
monitoring platform had compared the EHR of each heating
area and formulated a reasonable heat distribution scheme,
which had increased the operating power difference of the hot
water circulating pumps, and further saved the electricity
power. Table 4 shows the per unit area coal consumption of
each heat exchange station of the campus central heating
system. In the same way, after the heat supply monitoring
platform compared and controlled per unit area coal
consumption index, the operating power difference of the heat
exchange stations had been increased, and the coal



consumption had been saved further.

According to the heat supply data after the heat supply
control measures had been taken on the study campus in 2020,
a scatter diagram of the heating index under different outdoor
temperature conditions was plotted as shown in Figure 9, after
the heating season operating mode of the heating system was
optimized based on the heat supply monitoring platform, the
average heat supply amount was 30.77W/m?, which was far
lower than the design value; compared with the history value
47.78W/m? of same time period (when there’s no heat supply
control), the value had decreased by 17.01%, which further
verified the effectiveness of the heat supply management and
control of the monitoring platform.

Table 3. Electricity consumption of hot water circulating
pumps after heat supply control

Heat exchange station Before heat After heat
Hot water circulating pump No. supply control supply control

East low-1 3.65 2.37

East low-2 2.47 0.96

East high-1 7.38 5.25
West low-1 - 1.59
West low-2 3.75 2.62
West high-1 2.62 0.95
West high-2 5.23 2.35
Total 25.10 16.09

Table 4. Per unit area coal consumption of each heat
exchange station

Heat exchange Before heat supply  After heat supply
station control control
East low-1 39.72 22.24
East low-2 31.60 18.23
East high-1 32.52 17.30
West low-1 32.79 19.68
West low-2 31.21 17.85
West high-1 33.24 19.34
West high-2 32.84 18.46
5. CONCLUSION

This study analyzed the energy consumption of campus
central heating system and evaluated its comprehensive energy
efficiency based on the heat supply monitoring platform. The
paper elaborated on the energy consumption analysis method
of the campus heating system and constructed energy and
exergy balance equations. Based on EHR, heating index, water
make-up rate and other parameters, the energy efficiency of
the campus central heating system was evaluated, and a
diagram of the hydraulic balance of heat supply in a dormitory
building in the east line before heat supply control, and a
diagram of the change curves of daily heat supply and outdoor
temperature in the teaching area were plotted in the paper.
After analysis, it’s determined that it’s necessary to implement
passive control measures on the heat supply temperature based
on the monitoring platform. Moreover, the proposed
algorithms were used to calculate the relevant parameters, and
the experimental results gave the flow, electricity consumption,
and coal consumption of the heat supply pipe loop of the
dormitory area and the teaching area before and after the heat
supply control, and the results had proved the effectiveness of
the heat supply control measures of the monitoring platform.
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