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Energy planning of university campus building complex: energy
usage and coincidental analysis of individual buildings with a case

study

Abstract:

As the demonstration of eco-communities, energy planning becomesantiraore
important for university campus and hence the full understandinghafye use
characteristics and demand load features of campus buildingsyupt@lide the
basic support for energy planning. In this research, a methoddodgveloped to
fully reveal the energy use characteristics of campusibggdrom the demand side,
and a case study of a Norwegian university campus was adalby@sed on this
methodology. Both the long-term and real-time data of the el#gtrheating, and
water usage of the campus buildings were analyzed by thapliescstatistics. On
this base, coincidence characteristics of energy angrwahge of the entire campus
were analyzed, and individual coincidental rates to thepoamwvere also quantified
accordingly. The coincidence factors were calculated to beight levels, which
implied that the campus buildings’ usage of energy was quitdasito that of water.
Finally, the individual coincidental contribution to total campugrgyn use was
analyzed by the cluster analysis, to identify those buildings the large potential of
operation optimization. The results from this study could be dsedhe energy

planning of cities and other urban energy systems.

Keywords. University campus; building complex; energy use; coincidenctoria

energy plan; case study

1. Introduction
In recent decades, there has been a growing interest inmgdemérgy use and
related greenhouse gas emissions in the building sector. Plyiimgportant role in

learning about the efficient energy planning of future urban ersygpegms and smart
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cities, many university campus buildings aroused various irenleagncerns about
policy, education, the technologies of environment and energy catiserand other
related issues, as in [1-4]. Remarkably, the signifiazreased interest in the energy
sustainability of university campuses has arisen sincedlease of the European
Directive on Energy Performance of Buildings (EPBD) [5].

Understanding the energy use of university campuses other thandurdliv
educational or research buildings is an important precondition @rstaciding how
to improve the energy efficiency and make a good energy plannirgaropus
building complexes [2, 6]. Bonnet et al. (2002) developed a tosliag the diversity
of activities and end-uses of electricity and water tcabdressed when analyzing
energy demand and the environmental impact on a campushfélgh a case study,
O Gallachoir et al. (2007) explored the use of simple perfocmiandicators, energy
trends and in particular the assessment of building enerfiyrpance [8]. Agarwal
et al. (2009) presented data collected from four selectedsdivieunildings from
residence halls to data centers, and indicated that ‘rRugedbuildings with the
energy use of IT equipment accounted for more than a quaitiee tdtal energy use
[9]. Hong et al. (2011) selected the sixth largest energy congummiversity in
Korea and analyzed its energy use pattern. An optimizedationt of future energy
use by forecasting the trend of growing use was establistezdegamining the kinds
and quantities of energy installations being utilized in campuglibgs [10].
Hawkins et al. (2012) used an artificial neural network (ANMthod for analyzing a
wider range of energy use determinants on London university buildifigs.
electricity use was found to be generally high and heatieguse was low relative to
the Chartered Institution of Building Services Engineer88H) TM46 benchmarks
for the university campus category for University Occupieddiwgs (UOB) [11].
Deshko et al. (2013) demonstrated the possibilities and problenssngf certification
to determine the university campuses’ (UCs) energy efiiigigneasures [12]. Zhou et
al. (2013) carried out a detailed investigation in the fofnguestionnaire for the
energy use of colleges and universities in Guangdong ProvinGing, including

electricity, water, gas, and cooling energy use over ssy The survey indicated
3
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that there is a great difference in per unit energy use betdiéferent types of

universities classified by schools’ discipline, nature, anéll§l3]. Escobedo et al.
(2014) estimated energy use and related GHG emissions fobuildings and

facilities of the main university campus at the Nationatohomous University of
Mexico (UNAM). A scenario analysis for 2020 was also dewatippestimating

baseline and mitigation scenarios that included energy egitigi technologies and
solar water heating [14]. Chung et al. (2014) conducted ant®@sigivey of existing

university buildings to determine their current energy usepesttand energy saving
strategies for improving their energy efficiencies [15].

Although these studies have been useful to understand the energy use
characteristics of actual campuses and individual buildings, loih-term and
real-time energy use data of the campus buildings are icisutf to analyze the
saving potentials under actual conditions (e.g. building stocklsizejng floor area,
single or multi-function individual buildings, and occupancy levélom the
perspective of the energy planning of the entire campus. niperiant features of
energy planning of the entire campus, such as coincidencer faatre not
investigated in depth, which need to be taken into coretides accordingly. More
importantly, for the purpose of optimizing the energy planniregesgies of the entire
university campus, the contributions of individual buildings to theggneeak load of
the entire campus need to be figured out to build proper evalumtidrprediction
models based on the abundant monitoring data.

For this purpose, a preliminary method in this study was develtpehalyze
energy use of campus buildings to better understand the enenmgynglaf building
complexes or even city. A case study of a Norwegian uniyeraimpus was analyzed

based on this methodology.

2. The methodology
The energy use characteristics of campus buildings are the fantdnmformation
and also serve as the base for a good campus energy plannarder to make a

comprehensive understanding of energy use of campus buildings frodertrend
4
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side, a research methodology is developed, in order to elativedeatures of energy
use and demand load of campus buildings in the following threr asqects, as
shown in Fig.1.

It is the first step to fully master the actual energg sisuation of entire campus
and individual buildings. In order to realize this, both the long-tarmd real-time
energy use of entire campus and each type of campus buildiogkl e analyzed,
besides the building characteristics. Descriptive stedistnd comparative analysis are
the useful approach to achieve this.

On this base, coincidental characteristics of entire carapdsndividuals are the
important targets, which can provide a good evidence for a rddsaesign of the
capacity of electric network, and the optimal operation oktiergy supply system as
well. Coincidence factors for the entire campus and coin@teates of individual
buildings to the campus peak loads are the main parametersgetal the campus load
characteristics.

Finally, the identification of individual coincidental contriborito total campus
energy use is suggested to be conducted, as it is verylhpthe identification of
those buildings with the large potential of operation optitiora The cluster analysis
is used to identify all the individual buildings in terms ofithectual coincidental
contributions to the campus’ energy usage.

Based on the analysis in the above three aspects, a cemgikehunderstanding of
the characteristics of both energy use and demand load eahibged in the demand

side, which provides a good support for the energy planning.

3. Energy and water usage char acteristics of campus buildings
3.1 Basic information of the targeted campus

In this paper, the energy use characteristics of the camplaéng complex were
analyzed by means of a case study on a Norwegian univeasitgyus. The campus
consists of 35 buildings, with a total area of approximately GBID nf. Within the
university the following main building types were includedficef, education,

laboratory, and sport facilities. Most of them are multietional buildings. Among
5
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them, these research buildings could be categorized intsutrypes by discipline:
Engineering & Technology (E&T) buildings and Art & Science (A&3)ildings.
Table 1 shows the basic information of the 24 targeted buildingsiding building
number, construction age, main function, and gross arean bhecaoted that most of
the buildings have laboratories, which might indicate possible éngingy use [7].
Most buildings were built before the year 2000. This fact mighitate that many of
these buildings fail to comply with current building energy @sgilations.

The campus is supplied with three main energy resourcesedting for space
heating and domestic hot water, 2) electricity, and 3) fresterwin this study, the
first two parts were discussed as primary energy suppburess on this campus. In
the meantime, as the third part, fresh water use, mostlyisddpl domestic water
(such as sanitary cold and hot water demand), could be one passibktor of
occupants’ activities and analyzed as a contrast of potemimrgy use
characteristics .

Building Energy Management System (BEMS) and a web-basedrgf
Monitoring System (Schneider Electric, Germany) were etlifor collection of the
data on the building system and operation. Besides the totglyeared water usage of
the entire campus, the real-time data of electricity, hgatind fresh water of 24
buildings were intensively monitored in this study. Forty-six ingameters, 79
electricity meters and 43 water meters were installedhe campus. Hourly data of
electricity, heating and water usage could be collectédeouwia a web-based Energy
Monitoring System. Six-year data from the years of 2008-2013 watected for
analysis in this paper.

3.2 Energy and water usage of the entire campus

Table 2 illustrates the total annual specific energy anémnadage of the entire
campus in six recent years (2008-2013). The average valumsnofl energy use
were 30 343 MWh for heating, 60 070 MWh for electricity, and 129 n7 for fresh
water. Consequently, annual energy use per building area waktsddo be 99+14
kWh/(n? a) for heating, 197+9 kWh/(a) for electricity and 0.39+0.03 ¥m? a).

This indicates that the total annual electricity and wat@geiswere at slightly
6
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elevated levels over time, potentially due to occupantseasing demand. In contrast,
the total annual heating use evidently decreased since thetdisating network had
been retrofitted in 2011.

Fig. 2 shows the monthly variation of the campus energy amer waage in six
recent years (2008-2013). It indicates that electricity, heatimdywater usage was
significantly lower in the summer (e.g. July and August) tharother seasons.
However, the distinct decrease of energy and water usayidyi might be attributed
to lower occupancy, because there were no courses and fewattapactivities took
place during these two months. Note that there was distimsthhéating use needed
at this period due to seasonal factors. In contrast, the pdadsvof heating use only
occurred in winter, especially in December and Janutisedms mostly due to the
seasonal impact on heating use.

Fig. 3 further shows the comparison of the campus totay eéaikrgy and water
usage on weekdays and at weekends. The monthly peak valuesrgf and water
usage in 2013 were considered in this example. A logarithmicdicabte was
introduced for the Y axis to present electricity, heating, watkr usage in the same
plot. All daily data sets for electricity, heating, and evatsage in the observed month
were collected, respectively. The results in Fig. 3 irndidhat there were more
evident differences between workdays and weekends for watee wukegto the
largest relative differences and the least deviationgpaosd to electricity and heating
usage. It could be inferred that high occupancy in weekdays mogiitibute to the
high water usage rates of the campus. For electricity diisglar operation patterns
for electric facilities between weekdays and weekends dmeilbund, which might
be attributed to most of the laboratory-type of facilitiesm@®perated continuously in
general. Furthermore, notice that facilities in public areash as lights, coffee
machines and other service devices, which were alwaysukefgr operation, also
contributed to the small difference between weekdays and#ends. In contrast,
heating use both on weekdays and at weekends varied distinkilly,thhe difference
between total daily heating use on weekdays and weekends owad fo be

negligible. Further continuous operation patterns of heatingitiegilon weekdays
7



198 and at weekends might contribute mostly to the less differehdbe total daily
199  heating use for the demands of laboratories and indoor thermadrtom

200 For more details, Fig. 4 shows the comparison of the hourly gsajdfl energy and
201  water usage for the entire campus, including variationsmithe typical month. The
202 hourly data sets for electricity, heating, and water usagdovember 2013 were
203  selected in this example as always one typical month df gear. It indicates that
204 higher electricity and water usage commonly occurred in workings (from 8:00
205 am to 6:00 pm) than those in non-working hours (from 6:00pm to 8:00Nwtice
206 that there was remarkable variation of heating use both in mgpdays and hours in
207  Figs. 3 and 4. This indicates that the campus’ heating ussduaithin one month and
208 even one day, which might largely be attributed to the dis@ersccupancy of
209 laboratory facilities and the occupants’ demand for heabaltime on weekdays and
210 at weekends. In contrast, Fig. 4 also illustrates thettrdity and water usage
211 consistently showed fewer changes (RSD (relative standaidtdnx<25%) in the
212 lesser occupancy during the non-working hours of workdays and weekend
213 Accordingly, it can be inferred that the baselinelet®icity and water usage at lesser
214  occupancy could be obtained so as to maintain the basic opeftios campus.

215 3.3 Energy and water usage of individual buildings

216 Fig. 5 shows the main frequency contribution of energy and watage of all the
217 targeted individual buildings. The heating, electricity, amdter usage of those
218  buildings (N=24) were included during the years of 2011-2013. The distribution
219  commonly varied at levels of 100-150 kWh#(a) for electricity, 50-100 kWh/(fra)
220 for heating, and 0-0.5 #{m®a) for fresh water. Fig. 6 further shows the specific
221 electricity, heating, and water usage of all the tadyeampus buildings by floor area.
222 The majority of the buildings had an area under 20 0§0amd the specific heating
223 and electricity usage was lower than 300 kWhinith the exception of a few
224  buildings with laboratories, such as Buildings 8# and 10#; skke Taln contrast, the
225  specific water usage was commonly below*(mf a), except for Building 4# (2 215
226 m?), which, for education and research in the metallafiggipline, was served by

227  some high water-use laboratory facilities. It seemsdbate specific buildings with
8



228 high energy or water usage could be considered to have caida@otential for
229  energy or water savings, which is further discussed inpder. Higher energy or
230 water usage might be attributed to increased capatitiagntilation, sanitary water
231  or other specific demands, typically for laboratory facsiti€urthermore, for a few
232 buildings with abnormally large area, such as Building 24# (52nfJ3the energy
233 and water usage was not significantly higher. It seentsldihge floor area did not
234  greatly contribute to the energy and water usage of indivialublings.

235 For further impact analysis on the energy and water udaigeligidual buildings,
236  four buildings (1#, 8#, 16# and 19#) were chosen from the main building types
237 including an office and education building, an office and laborabording, and a
238  sports building. Of these four buildings, Buildings 8# and 1@fface buildings with
239 laboratories, were categorized into two sub-types by diseipEEngineering and
240 Technology (E&T) buildings and Art and Science (A&S) buildings, eetpely.
241  These four buildings presented high energy and water usage likeglse. Fig. 7
242 shows the monthly energy and water usage of these buildings ye#ns from 2011
243 to 2013. The results indicated that, similar to the em@mpus, the electricity and
244  water usage of these individual buildings was present both dtighest level in
245  winter and the lowest level in summer. It was evident tiiiate was more significant
246  variation in the heating usage than in the electricity \aatkr usage. In contrast, the
247  energy and water usage consistently remained at lower lievéldy. It was inferred
248  that there was significant seasonal impact on heating usejumlt less occupancy in
249  summer period might contribute to the lower levels oftalgty and water usage of
250 individual buildings. Furthermore, in opposition to these buildingsould be found
251 that the building with the highest electricity and heating esags 8#, which was an
252  office building with laboratories, and the lowest one was 19#, hwhias a sports
253  building. As for water use, the highest was 8#, but the lowast1#, which was an
254  office building for administration affairs. It was inferrétht much of the difference in
255 energy and water usage among these four buildings might hleutst to the

256  characteristics of the building type.
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In addition, the above four individual buildings were chosen for furtib@trast
analysis of daily electricity, heating, and water usage working time and
non-working time, respectively, shown in Figs. 8, 9 and 10. diergy and water
usage of these buildings in one typical month was comparedeekdays and at
weekends, respectively. The results indicated that theewvaof energy and water
usage on weekdays were slightly larger than those at weekespscially for
electricity and water usage during working hours (8:00-18:00); e &and 10. It
indicated that occupancy had a significant impact on eldgtand water usage. In
contrast, the heating use might remain little changed av&4-hour period, mostly
due to the steady demand supplied by the district heatingnsysiee Fig. 9.
Furthermore, the building with the highest values of dailygnand water usage was
8#, the lowest one for energy use was 19#, but the lowest one tir wge was 1#;
these results were similar to those of the monthly datthése individual buildings.
However, notice that there was a larger fluctuation daitihg use, especially at
working hours of weekdays. It indicates much different heatiegatithe same period
of different days.

The potential in energy savings was estimated for the witiyecampus. For
individual buildings, it is hard to estimate the potentiaieirms of saving energy and
water due to the limitation of information for the individual dinlgs. However, a
look at the standard deviations shows a large variationjtasiwbuld be possible to
cluster toward the “good” individual building. This information ore tetandard
deviation in the energy and water usage among different chdivibuildings was
utilized to estimate the energy savings potential. Therdiifee between the average
worst third energy or water usage and the total average aluld be a qualitative
indicator for estimating the potential tendency of individual gner water usage in
a building of the same type. In this discussion, spedahtn is paid to the energy
and water usage of research buildings, with that sector Heenmost significant in
terms of resource use and annual growth [7]. Table 3 showsothatial for energy
efficiency improvement in the individual research buildings (N=2t)uding E&T

buildings and A&S buildings, which comprised the main energyveaigr usage of
10
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the campus. The average better half, average bestdkiethge middle third, average
worst third of energy, and water usage of individual buildingeveatculated. The
bolded values in Table 3 showing the difference between onst third and the total
average indicate the energy savings potential in the thirgtvpart of the campus
buildings. The results indicated that the average energyated usage for the worst
third was very high and definitely needed to be reduced. Theratice between the
averages of the middle and the best third was not that latgeefore, it seems
reasonable to try to lower the energy and water usathe aforst third to the level of
the middle third. Furthermore, notice that there might be ev&érat E&T buildings
have a different potential tendency due to their higher absellties of difference
than those of A&S buildings. However, more detailed informatibriaboratory
facilities in the individual buildings needed to be involvethd quantitative potential
of energy and water usage of these individual buildings whse @nalyzed. Overall,
potential analysis of the individual buildings in the campus wasnsight of the
energy use characteristics of the building complex with miffe functions, which
could be a reference of further cluster analysis ofimldévidual buildings on the

campus.

4. Coincidental analysis of campus buildings
4.1 Coincidence factor of the entire campus
For further analysis of the usage of electricity, heatangl water, the coincidence

factors of the campus were calculated by the following emuat

S — Ptot,max (1)

Zi1 Pimax
where
S- the coincidence factor of total campus energy or watertusggsarved years
P; max - the maximum electrical power, heat rate, or watew flate of building
Potmax - the maximum electrical power, heat rate, or water flate rof the total
campus use

n - the number of targeted buildings

11
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From the above equation, this parameter reflects the coafmenof energy and
water usage of all individual buildings to the campus. Coinceléactors which are
below 1.0 indicate that the individual maximum power, heat cateyater flow rate
do not appear at the same time. Based on hourly data béatidividual buildings in
three recent years (2011-2013), the maximums of annual coinciflerioes were
averaged to be 78.8% for electricity, 79.4% for heating, 4h8% for fresh water
usage. The higher coincidence factors of electricity ardirte usage indicated the
energy usage of individual buildings had a better conformanceeterttire campus
because most of the research buildings were located omngus. However, it also
implied that higher total energy use peak might be arouseddaoglyr which was
adverse for energy planning of the campus. For water usdowleg coincidence
factor indicated the comparatively dispersive water useddfidual buildings on this
campus.

Fig. 11 shows calculations of daily coincidence factors ofcHmpus energy and
water usage. The hourly data within a month when monthly maximuerseofly and
water usage for each year occurred were used for thelatédo of daily coincidence
factors. The minimum, 25%, 50%, average, 75% and maximum dafideirce factors
were presented by ordination analysis, respectively. Thdtsesdicated that the
daily average values were 96% for electricity use, 88%héating use and 79% for
water use. It could be concluded that the buildings on the cawgresquite similar
in use, due to the high daily coincidence factors of enengyveater usage in this
month with energy and water use peaks. Furthermore, the nmasirof coincidence
factors for electricity, heating and water usage were 98.88®0% and 90.4%,
respectively. However, most of the time, coincidenceofactommonly varied,
ranging mainly from 25% to 75% in sorted order, namely 95%-93%electricity,
85%-91% for heating and 76%-83% for fresh water. It was iafeored that there
were energy saving potentials for electricity and heatingeu$ar the entire campus
peak due to their large coincidence factors, which could belusefthe planning of

other similar complexes.

12
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Fig. 12 shows the comparison of daily coincidence factorsdorpus energy and
water usage on weekdays and at weekends within one typic#h mith peak values
of each year from 2011 to 2013. The maximum values on weekdayd aeekends
for 2011-2013 were averaged for this comparison. The values ekdays and at
weekends were 0.98 and 0.97 for electricity, 0.95 and foroieating, and 0.89 and
0.82 for water, respectively. This indicated that, diffefeoin the energy and water
use levels, the usage patterns of all these individual bggdivere quite similar to
those of the entire campus both on weekdays and at weekendgaf@€dnio energy
use, the water usage rates of all individual buildings on weskdaye relatively
higher than those at weekends. This might be due to the &cenhtst of the research
buildings with facilities for high energy use were kept intawious operation all the

time.

4.2 Coincidental contribution of individual buildings
To analyze any building’s proportional contribution to the entire carppak, the
coincidental rate of the individual building to the total enargg of the entire campus

peak can be defined by the following equation [16]:

Pi

Si_

l— 2
where

P; - abuilding’s energy use at the time of the campus peak
S; - coincidental rate of Building to the campus peak at observed years. Higher
coincidental rate of one building implies better conformancerargy use to the
entire campus.

Table 4 shows the calculation of the coincidental rateadi building by Equation
(2). The results imply that these buildings with higher cdiecial rate had better
consistency with the campus peak. However, notice that sodndual buildings
with higher coincidental rate alone, such as Building lficefbuilding), instead

contribute less to the campus peak due to the lower energyLiksgvise, some

individual buildings with lower coincidental rate alone, suclBasding 2# (research

13
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building) contribute more to the campus peak due to the higher easegyrhus, it
can be concluded that the coincidental contribution of iddal buildings to the
entire campus peak depends on two aspects including cointidetetaand energy

usage amount according to the definition.

5. Identification of individual coincidental contribution to total campus energy
use

To better understand the energy planning of the entire campuasngudomplex,
some individual buildings with high coincidental contributionhe total electricity,
heating, and water usage of the campus needed to be idkemifianore concise way.
In that case, a cluster model was applied to classi\eiisting similarities of each
individual coincidental contribution. The key independent variabkeesd un this
analytic model refer to building floor area of the individualldings, annual energy
or water use per building floor area, and individual coincidaatal The individual
coincidental contribution to total energy and water usage of theuswas taken as
the dependent variable. Hierarchical Cluster and Wards Metresd applied for
cluster analysis in this case. Significance differentealuove three continuous
variables between groups was identified by using ANOVA aml{5ig.<0.001). The
software, Statistical Program for Social Sciences (SHB&,Inc.), was used for the
calculation.

Table 5 shows the classification of all the 24 individual bogdj which were
categorized into three groups by cluster model. It indicdiats tor electricity, four
individual buildings (i.e. Buildings 8#, 18#, 20#, 24#) were clusterexdCluster Il
with average values of 21 277%nfor building floor area, 309 kWh/(fra) for
electricity use, and 0.845 for individual coincidental rate,ciwhindicates the highest
contribution to campus peak values due to the higher electriatyand individual
coincidental rate than the other two clusters. It wae alferred that these four
individuals in Cluster IIl were identified as having thegkst potential for peak load
shifting of the campus electricity load. Likewise, for teg Cluster Il with the

highest contribution to campus peak values, was categorized weithge values of
14



404 52 773 M, 279 kWh/(nf a), and 0.913 for building floor area, heating use, and
405 individual coincidental rate, respectively. One individual buiid{i.e. Building 24#)
406 in Cluster Il was identified as having the largest poteriGalpeak load shifting of
407  campus heating plan.

408 In contrast, for water, Cluster Ill with the highest contiilmuto campus peak was
409  categorized with average values of 2 21% #1180 ni/(m?a), and 0.243 for building
410 floor area, water use, and individual coincidental rate, otispdy. Only one
411  individual building (i.e. Building 4#) in Cluster 1l was identifi@s having the largest
412  potential to peak load shifting of campus water plan duédohigher water usage
413 amount and individual coincidental rate compared to other chudtitice that this
414  building in Cluster Il had distinctly large water use peof area and a relatively

415  high individual coincidental rate despite the small floor area
416
417 6. Discussion and conclusions

418 This study aims to understand the characteristics of energy dadwsage in one
419 case study for the better energy planning of university campasd building
420 complexes. Long-term and real-time electricity, heating, waatkr in one university
421 campus were monitored online and analyzed by statistical met@miscidental
422  characteristics of individuals to the entire campus were esiggth from the
423  perspective of energy planning of the campus. The individual bg#dwvith the
424  largest coincidental contribution were identified to shiftkpked of campus energy
425 and water plan. These results could also be a referen@anesgy planning of
426  newly-built university campuses or other similar building stock.

427 However, control strategies regarding how to optimize theggrend water usage
428  of the individual buildings to facilitate more individual coinciddntontribution to
429 the total energy and water usage of the campus were not cawehesl study, which
430  will be specially discussed in future work. More inforroaton facility usage features,
431  such as energy usage amount and working time of each fan#iggs to be further
432 gquantified accordingly. In addition, for the individual buildingse tenergy

433  performance of each building could not be discussed in more dataib the survey

15
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limitation. Sub-metering needs to be applied on each tfaeilith high energy and
water usage in order to obtain more detailed informathag;was not involved in this
study.

The following conclusions are drawn from this study:

1) The annual energy and fresh water use of the campus weeniped slightly
elevated levels over time, with average values of 99%\Wh/(m? a) for heating,
197+9 kWh/(nf a) for electricity, and 0.39+0.03 %m? a) for water in six recent
years.

2) Energy and water usage of all individual buildings mainlyeehat the levels of
50-100 kWh/(m a) for heating, 100-150 kWh/{na) for electricity, and 0-0.5 #fm?
a) for fresh water.

3) Occupancy had a much higher influence on the electricttynater usage of the
campus and the individual buildings than the seasonal factohduéverse was the
case for the heating use.

4) The coincidence characteristics of energy and watgeusiathe entire campus
and the individual coincidental rates to the campus were ifjgdntand the high
coincidence factors of this campus’s energy usage verliegdthe campus buildings
were quite similar in use.

5) The individual coincidental contribution to total campus enaugg was
analyzed by the cluster method, to identify those buildings th# large potential of
operation optimization. The results from this study could be usedh& energy

planning of cities and other urban energy systems.
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Fig. 1. The flow chart of methodology

Fig. 2. The monthly variation of energy and water usage of émepcis in six recent
years (2008-2013)

Fig. 3. Comparison of the campus’ total daily energy and watereusagveekdays
and at weekends

Fig. 4. Hourly profiles for energy and water usage of all campus bg#din one
typical month

Fig. 5. Energy and water usage of selected individual buildings (Nin2tg years of
2011-2013
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types in one typical month

Fig. 9. Comparison of daily heating use profile of four different irdlisal building
types in one typical month

Fig. 10. Comparison of daily water use profile of the four differemdividual
building types in one typical month

Fig. 11. Calculations of coincidence factors in the month with teakpof campus
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Fig. 12. Comparison of coincidence factors of campus energy and watae
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15

16

17  Table 1 The basic information on all targeted campus buildings (N=24)

18

NO Construction Main function”  Building NO. Construction Main function Building

' age (O/EILIS) area (m?) age (O/EIL/S) area (m?)

1# 1910 O/E 17 360 13# 1924 O/E/L 4116
2# 1962 O/E/L 15 026 14# 1960 O/L 5028
3# 1965 O/L 3030 15# 1961 O/L 17 936
4# 1951 O/L 2215 16# 1968 O/L 12 861
5# 1960 O/E/L 7598 17# 1910 o) 3375
6# 1966 O/E/L 11 400 18# 1981 O/E/L 3955
T# 1958 O/E/L 12 600 19# 1966 S 4 046
8# 1954 O/L 10 206 20# 1975 O/E/L 18 175
o# 1967 O/L 5050 21# 1951 O/E/L 5053
10# 1965 O/L 4510 22# 1996 O/E/L 2 476
11# 1957 O/E/L 9277 23# 2002 E/L 4312
12# 1965 O/E/L 9168 24# 2000 O/E/L 52773

19  *O: office; E: educational room; L: laboratory; S: sports complex.
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21
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23 Table 2 Total annual specific energy and water usage of all the campus buildings over

24 six years (2008-2013)

25
Item 2008 2009 2010 2011 2012 2013
Electricity use (kWh/(m?a)) 182 188 199 201 204 206
Heating use (kWh/(m?a)) 106 107 121 90 85 87
Water use (m*/(m?a)) 0.37 0.37 0.43 0.42 0.37 0.41
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33
34

35

36

Table 3 Potential for energy efficiency improvement in individual research buildings

E&T Buildings A&S Buildings
Items Electricity© Heating” Water”  Electricity ~ Heating ~ Water
Total average 204 209 1.42 128 116 0.32
Average better half 132 107 0.33 87 76 0.26
Difference to total 35.2% 48.9%  76.9% 32.1% 34.3% 20.2%
Average best third 116 83 0.25 78 73 0.15
Difference to total 43.1% 60.0% 82.5% 38.8% 37.5% 51.7%
Average middle third 179 181 0.52 117 91 0.36
Difference to total 12.5% 13.2% 63.1% 8.3% 21.5% -11.5%
Average worst third 318 361 4.18 188 185 0.43
Difference to total -55.5% -73.2%  -194.1% -47.1% -59.0%  -34.4%

* Unit: KWh/(m?a) (energy use); # Unit: m*/(m?a) (water use).
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Table 4 Coincidental rate of individual building to the entire campus (N=24)

Individual coincidental rate (Si)

Individual coincidental rate (Si)

NO. — - NO. — :
Electricity Heating Water Electricity Heating Water
1# 90.2% 92.6% 19.3% 13# 51.7% 83.2% 23.0%
2# 54.7% 83.9% 43.8% 144# 89.2% 67.0% NA
3# 39.2% 61.0% 4.8% 15# 88.0% 59.3% 11.5%
44 68.1% 45.6% 24.3% 16# 89.4% 76.7% 40.8%
5# 75.9% 73.3% 7.4% 17# 84.1% 55.6% 9.1%
6# 71.6% 63.4% 11.4% 18# 75.2% 84.2% 16.0%
T# 85.8% 78.8% 19.8% 19# 63.3% 68.9% 15.5%
8# 86.6% 78.9% 28.2% 20# 87.7% 67.4% 60.1%
o# 70.2% 64.8% NA 21# 56.0% 68.3% 40.3%
10# 74.4% 72.9% 45.3% 22# 77.9% 55.6% 6.1%
11# 92.0% 81.1% 1.7% 23# 81.1% 74.1% NA
12# 72.4% 85.4% 14.3% 244 88.5% 91.3% 51.4%

* NA: not available.
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Table 5 Classification of all 24 individual buildings by cluster model

Variable
Category Sample —
Cluster NO. . Building # .
name size . Energy/water use Si
area
Cluster | 5 6254 113 0.530
Electricity Cluster 11 15 8 344 139 0.807
Cluster I 4 21277 309 0.845
Cluster | 13 6 900 115 0.634
Heating Cluster 11 10 9908 218 0.818
Cluster I 1 52773 279 0.913
Cluster | 14 8 325 0.494 0.134
Water Cluster I 7 16 943 0.792 0.443
Cluster I 1 2215 9.180 0.243

* Unit: m?% # Unit: kWh/(m?a) (energy use), m*(m? a) (water use).
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