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Abstract

The energy rehabilitation of district heating system requires a proper expent survey of
secondary loop including thermal substation, heat earrier distribution network and buildings of
residences. This paper present the theoretical fundamentals as well as the measurements
specific to the procedure used in assesing the thermal characteristics of the hear exchangers,
network and buildings of residences. The results obtained were used in the disgnosis activity
supported by the “SIMPATIC™ software.

The paper also introduces the present energy efficiency of the PT 1" Uverturi™ thermal
substation as well the efficiency values that may be reached as a result of the rehabilitation of
the entire system,

INTRODUCTION

The cnergy-related rehabilitation of the cogeneration heating system is a most
important  concern of the experts in the field, covering the whole range from enersy
production to its use by consumers.

This paper is focused on the methodological support of the energy related expertise and
diagnosis of the secondary heating loop in the apartments connected to the urban cogeneration
heating system. The numerical examples refer to the operation of several thermal substation in
Bucharest; but the theoretical and experimental analysis methods are general and therefore may
be applied to any cogeneration heating sysiem

Taking into account that ab. 40% of the heat demand of the apartments in Romania is
presenily covered by ihe cogeneration heating system, the proper operation of this system is of
the utmost importance it should ensure the comfort parameters necessary for a decent living
standard. Moreover, comfort ensuring should invelve a rational energy comsumption, therefore
an efficient operation of the whole system. At present these targets are only panly fulfilled
because of the unacceptable level of the aparmments mdoor temperatures during the cold
season. OF course, by reducing the thermodynamic potential specific to the consumers, energy
consumption is reduced, but the main function is eluded.

It may be stated that most of the apantments supplied by the cogeneration heating
system are atfected by the “sick building” syndrom, The low level of the indoor temperatures
{14 "C — 17 "C) in the cold season on the hand and the insufficient ventilation of the dwelling
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spaces as well as the use of totally improper ausiliary heat sources (“free uncovered tlame”) on
the other hand tavour the occurrence of the above- mentioned syndrom. Moreover, only in
Bucharest. ab. 200,000 apartments are affected by condensation in more or less seriows [oms
The lack of any intervention in order to improve this situation leads 10 negative social effects
such as serious illnesses affecting the occupants and the damaging of the apartments structure
Therefore the energy related upurading of the system is a problem of the uimost urzency and in
our epinion involves two distinet phases of the analvsis

- 1o conclude the minimal technical solution that may ensure. in the existing heat supplhe
conditions, an acceptable micraclimate in the buildings. The technical solwion refers 1o the
heat carrier disiribution network, thermal substations equipping. apartiments heatimg systems
and additional thermal protection:

- 10 conelude the optimal soluwtion for reducing the aparments heat  consumption -
this is mainly an enerey management issue and represents a phase subsequent 1o the cnsurance
of normal habitat conditions

Ay upgrading solution implies two working stases as follows:

- technical expertise of the svstem components and of the system as a whole

- eneray related diagnosis and technical rehabilitation solutions

This report focuses on the secondary loop of the cogeneration heating syslenm.
including the indoor heating equipment. 11 presents the technical expertise procedures in the
case of the thermal substations. secondary heat carmer network and buildings. both
theoretically and in the form of measurements performed in the period 1994 - 1996 in several
thermal substations in Bucharest. The repont also presents the possible technical upzradmg on
the “SIMPATIC™ dingnosis software worked out by the authors

The economic analvsis of the solutions deseribed in the paper is not included

CHARACTERISTICS OF THE APARTMENTS COGENERATION
HEAT SUPPLY SYSTEM IN BUCHAREST

The main characteristics of the cogeneration hem supply system as well as those of the
thermal protection of the apariments in Bucharest are further briefly presented

The measurements performed in the period 1994 - 1996 in several representative
thermal substations in Bucharest (fig. 1) prove that of the annual hea demand of 19500 T,
only 13620 T (69%:) have been supplied for the heating of the ab 370,000 apariments
connected 1o the cogeneration heating system, resulting i an averaze indoor temperature ot
16.5"C [1].

In the present conditions of the apartments heat supply. the buildings  thermal
protection cannot ensure the indoor temperature required by the comfort standards

A solution focused on new production capacities may seem proper for improving the
existing situation, but it would perpetuate the risk of an important heat wastage at the level of
the apartments. 1s enough to remind vou that in the case of the Romania buildings the annual
average heat consumption is of 800 MVmvear [17.

A further important aspect is represented by the improper operation of the entire heat
distribution system between the substations and the consumers, The heat distribution system
specilic to the cogeneration district heating system used in Romania (s well as in the other
former socialist coumries) includes - in the secondary loop-high capacity thermal subsiations
with values ranging form 2.3 MW o 14 MW, The heat carriers are distributed from the
substations through a four pipe svstem (two for space heming and two for domestic hot
watery, more than 93% of these pipes are placed in inaccessible thermal channels and in the
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basements of the spartment buldings. The age of the system (more than 30 vears), the
technical solutions adopted {in line with the technologies used in the &0s) as well as the
dramatic lack of the svstem maintenance funds generated its damaging and (herelire a serious
energy efficiency reduction [2). [3]. May we emphasize that this critical situation has been
worsened by the anificial preservation of the thermal energy cost at an exiremely low cost. The
energy manazement elements are represented by an extremely small number of heat meters m
the substations and in a few blocks or block sipircases. The legislation in force on eénergy
management has verv vague stipulations. trequentlv contradictory. which hinders the
installations of hear meters in the svstem

Mevertheless, a few recent resolutions of the new Government concerning the
transformation of the “regies” m commercial companies on the one hand and the adopting of
the real value of the energy price on the other hand require urgent measures for the wperading
ar / end modernization of the Romania®s district heating svstem. 1o the line of the previous
statements the optimum technical solutions may be reached only based on the accurate
knowledge of the actual charactenistics of the system in ils present condition. Two of the
logical phases of the upgrading activity should be the svsiem expertise and diagnosis. The
technical expertise implies the working oul of several procedures based both on “in situ”
measurements and on the knowledee of the thermal and hvdreulie processes specitic 1o the
entire svstem, The enormous dimensions (e w Bucharest has 6235 thermal substations
supplving heat to 370,000 apartments throozh ab. 700 km of network which form the
secondary loops of the svstem), as well as the complere absence of the monitoring equipment
induce to the techmeal expertise a number of features which render it different from cenain
procedures used in the assessment of the “in vitro™ type characteristics [4]. [3]

This repon briefly presems three imponam procedures which are necessary in the
assessment of the real thermal characteristies of the subsiations equipment. of the secondary
heat carrier distribution network and of the buildings in general,

The heat engineenng characteristics and the = SIMPATICT complex sottware are wsed
in the assessment of the real energyv-related efficiency and in the study of the effects in wrms of
energy of the application of several upgrading selutions. the real energy potential specific 1o
epch technical solution which may be applied is also evaluared.

The following results are obtained i the expertise procedures deseribed in 1his repornt
are correctly applied:

- the real thermal characteristic of the heat esxchangers {one or several) in the
substation:

- the global thermal characteristic of the secondary heat camier distribution
network,

- the real thermal characteristic of the existing buildings.

+  Thereal heat exchanger thermal characteristic is espressed either by the global heat
transfer characteristic {UAJq . as an average value, or as a complex tunction related to the
heat carrier temperatures and o their mass Now-rates, Both resulls are useful in practice

- the average value compared to the design value shows the global reduction of the )
heat transter capacity: !

- the characteristic in the form of a thermal and bvdraolic parameters function is
expressed bv a2 mathematical relation included in the mathemaucal model specitic 10 the
“SIMPATIC™ software. The numercal coefficients of the mathematical relation leaded 1o the
assessment both of the real heat transfer area, and of the real thermal resistance of the orzame
and inorganic deposits inside the heat exchanpers,



& The real thermal characteristic of the secomdary heat  carmer  distnibution network s
mainly represented by the real average thermal resistance of the thermal protection amd in the
second place by the heat carrier [osses which cause important energy losses in the svsiem,
*  The real thermal characteristic of the buildings in general consists o the real value
(L'A)-. different form the design one, considered in terms of the components specific 10 the
apaque building units (UA ) and 1o the transparent ones (including the air exchanges with the
environment). (LA}, These values are reference figures in the evaluation of the energy-related
effecis produced by the application of a number of additional thermal protection solution on
the existmg buildings. Allow us 1o emphasize that the use of the traditional methods n
assessing the overall hear transfer coefficient of the structures generates specific resulls that
may not constitute the lobal thermal characteristic of a building as a whaole. The real values
(LA are used in the structure of the “SIMPATIC™ software as they are necessary in the
assessment of the heated rooms thermal response

The assessment of the real thermal characteristics of the system and of it components
demands short-time but relevant and useful experiments

This report introduces the theoretical support of the thermal identification procedures
necessary in the expentise, diagnosis and upgrading of the svstem, The report also includes the
results abained by the application of the analvsis method in the case of a high capacity (3.3
MWW substation in Bucharest

Cur opinion is that the methods presented in this report are mstruments indispensable in
any activity related 1o the upgrading of the districr heating system in the Ceniral and Eastern
Europe countries,

PROCEDURES USED IN THE THERMAL IDENTIFICATION OF THE THERMAL
SUBSTATIONS.
SECONDARY HEAT CARRIER NETWORK AND BUILDINGS

T'he thermal identitication is a component of the technical expentise and consists in the
identification of 1he real characteristics of a swvstem orand of its components. These
charactenstics will be used in a mathematical model deseribing the behaviour of the svarem as
well as in the diagnosis and finally in concluding the energy related rehabilitation solutions,

The thermal idemification involves the processing of experimemal data according to
mathemancal models that estimate as accurately as possible the phenomenon that is analvzed
The paper further introduces the theoretical fumdamentals of several tvpes of thermal
identitication that are absolutely necessary in an energy related diagnosis,

Heat exchangers thermal identification
The equation s;Jcc'i:fILc: to the thermal substation heat exchangers is the following:

Quen =“:’\]\l.ll'j'[:\'5 (m

The thermal identification consists in the assessment of the real thermal characteristics
(L Abs which is different from the design theoretical characteristic. The measurements that

are performed refer to the following values: t,, - 1, . 1, . 1, . G and GI' where index

Y77 means the experiment number. Equation (1) provides
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performed, €] equations system of equation {4) tvpe are generated. cach of them leading 1o
the assessment of a set of unknown values, The final values are assessed trom the analvsis
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With the average values &, ... R, thus assessed, the mathematical model describing

the thermal behaviour of the heat exchangers is given by relation (3),

The real clharactenstic (3) mav be used in comparisons with the theoretical
characteristic, emphasizing the deficiencies of the existing heat exchangers,

The method of wsing the convection correlations in assessing the variation of the
convection heat transler coefficient e cannot be applied in the case of the heat exchangers and
especiallv in that of the old devices in the substations. Taking into account the fact that the
convection correlations allowing the assessment of the Nu dimensionless number established by
various researchers {Dittus - Boelther [6], Sieder and Tate |7], Colburn [£] etc.) are valid for
smooth circular tubes and for fully developed thermal flow. their use in the assessment of the
heat exchangers global thermal characteristic would be a mistake. Moreover, the object of [9]
is & comprehensive discussion on the validity of the convection correlations and supporis the
previous statememts. The fact has to be emphasized that most of the heat exchangers still in
operation in Romania are of the shell - and - wbe tvpe and made of steel. The malfunctions
oceur mainly because of the whes breaking and cannot be easily avoided by the replacemen of
the tubes. therefore the damaged tubes are frequently blocked . From the thermal point of
view, the consequence is the reduction of the heat transfer area. The main result provided by
the method is the establishment of the accurate thermal characteristic relation (UA )5 which
further is the instrument used in analvzing the thermal response of the heat exchangers in the
substations under examination

May we funther present an application of the method used in the assessment of the heat
exchangers real thermal characterisiic, referring 1o a shell - and - wbe device of the class
BE50L. existing in most of substation in Romania. Twao types of experiments were performed

1. Onhe INCERC resting stand - a new device

2 Inthe "PT1 Uveruril™ substation in Bucharest - a device whose age was more
than 10 vears, currently in operation (in the season 1995 - [994),

ine experiments were performed in each case. which were further used in establishing
the relations that define the wlobal thermal characteristic of the devices that were tested. Two
experiments of each tvpe been selected for this report and the theoretical results have been
compared 1o those provided by measurements. Table | present the synthesis of the resulr,

The application of the identification procedure produced the following relations and
calculation values (the device was tested in “in vitro™ conditions):

G, =[694-10° +8924°1, - 04735 (i) |- G2™:
i, = [il TE- |00 = 224994, 9_43';:.{&_]’].57;"-_
R, =380,

In the case of the currently operated device, the results were the following;

6, =[2105-10" + 11706- 1, - 0228 (1, )] G2
ér, =[L742. 10" + 223981, - 0435.(1,)°]- GI,
R, =1495.10"



Table 1.

Cond N VITRO IN SITU
Exp. | 2 1 2 UM,
Param
Gy 330 330 330 3.1 th
tm 60.0 1000 820 1050 C
tap 307 543 3.0 869 C
o 408 7712 B8, 3 810 T
Qp 0.7% 1.73 1.04 120 | MW
Gy 11552 115,52 11552 11552 t/h
trs 452 6.4 472 514 'c |
ties 395 54.0 398 420 C
L 42,3 6.2 433 46.7 C
o 0.7 |67 0,90 1.25 AW
03,400, 102 |05 |05 1.03 -
(UA) 194 3 1263 43 9 429 KWK
(LAY 2010 2390 B2 | a2z KWK
(UARAUAN| 097 | 0095 1.02 102 ! B

The results confirm the accuracy of the method proposed by this report. The measured
data processing method 18 included in the IDSCAL software worked out by the authors [ 10]

As concerns the data mn table 1., a reduction by ab 50% of the real thermal
characteristic is obvious, which is reflected by a reduction by ab. 30% ot the heat transter
capacity in the operating heat exchanger compared to a new device [11]

Taking into account that the heat transfer area of the tested device, according 1o the
praduction aorms is of 125 40 m°, the conelusion is that the value of the heat transfer ulobal
coeflicient specific 1o the new device varies - in the two expeniments descnbed - berween
1,550 WimK and 1,800 W/ni'K, which are normal values for this type of device. The ulobal
hewt tramsfer coefficient of the device operating in the subsiation varies between 3350 Win'k
and 335 WK, values which attest a completely defective operation. The diminishing of
value U in the case of the second experiment is consequent to the diminishing of the primary
heat carrier by 30% as against the nommal situation. A companson of valoes F-i,. proves i
spectacular increase in the case of the substation device as against the new one. According 1o
the assumption that the heat transfer area has not altered. this increase of value R is
accounted for by the organic and inorganic deposits, equivalent to a thickness of 00021 m, for
he=l16 W/mK, Based on the relations &, =a,(t,.G, ). and ct, =a.(t..G, )the thermal

response of the heat exchangers in the PT1 Uverturii substation was analvzed. in various
operational situation.

In fact. the conclusion resulting from this case is that the anly proper measure 1o be
adopted is to replace the existing heat exchangers of PT1 ~"L'vertuni™ by new compact devices.
with i hizher efficiency



Thermal identification of the secondary heat earrier distribution network

The secondary heat carrier distribution network is charactenized by energy loss to the
enviroament as well as by the energy loss caused by the top-up water imroduced in the thermal
substation so as o compensaie the network waier losses. The mathematical maode] deseriling
the varation of the heat carrier temperature 1s the classical medel specific to the steady-state
heat transfer

=gy ——— X (6
_t|'| pl,‘ UI'C 1)

&

t
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where the average air temperature in the thermal channels orand in the basements of the
buildings depends on the geometrical and physical characteristics of the environment. Relation
i) facilitates the assessment of the energy loss by the hear flow transfer from the tfuid to the
environment. The second tvpe of energy losses is represented by the heat flow necessary for
the top-up water heating. This volume of water can be measured directly or estimated
mdirectly. The assessment of the heat exchangers thermal response is based Doth on the inler
temperature of the primary heat carrier and on the network thermal response, includinge the
network fuid losses.

In terms of the enerey losses by translfer to the environment. the low-rates dispersion is
not relevant for the thermal response of the heat exchaneers. The top-up water rate. whose
calculation is based on the secondary heat carrier mass Oow-rate influences values 1, . 1, and

ly, of the heat carrier temperatures at the level of the heal exchangers. The identifving of the
caleulated values 1, .ty . 1o with the measured values lends to the assessment of value

G I."(',;" and implicitly of the enerey losses to the environment as well as those caused by the
rop-up water heating. The idemitication of the thermal characteristics of a secondary leat
carrier distribution network consists in fact in an implicit procedure as. in the conditions of the
total absence of any opeération momtorng equipment i involves punctual temperalure
measurements in the thermal substation and in a few blocks as well as data on the real
distribution of the heat carrier fow-rates in the network. Such measurements are rather simple
and support the working out of 1he hydraulic configuration of the system. which is o be
included in the “SIMPATIC™ sofiware. IF the heat carrier inlet temperature in the substation is
an input data. the remaining temperatures in the systermn are outlet values and compared 1o the
measured ones. The identification of the network condition mainly consists in the assessmem
of the average thermal resistance of the thermal protection, as well as of the top-up average
flow-rate introduced in the svstem. The values obtained are compared 1o the design ones (R, =
12 m'K/W, G = 0.0025-GIT) These values are included in the “SIMPATICT sofiware
which provides the network energy losses rae in the heat quantity supplied by the subsiation

Apartment buildings thermal identification

The thermal identification of a building is the most difficult activity as it involves long-
rerm measurements that are subjected to objective and subjective random factors. The variation
of the outdoor climatic parameters {temperature, solar radiation intensity, wind velocity) are
considered. as well as the occupants” bebaviour - they interfere by using various local heat
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sources attemptimg 1o improve the indoor microclimate. The heat flow dissipated by these
sources cannot be directly assessed. as a special analvsis procedure is necessarv. The goal of
the builldings thermal identification is 1o assess the real wlobal thermal characteristic (UA),
which is different from the design one as well as the real thermal characreristics of the glazed
part-including the fresh air inlets (UA) and of the opaque part (UA). . Taking into aceoum the
varation in time of the outdoor climaic parameters, the heat balance is valid for perieds of
time exceeding 3 +35 davs.

This period ol time mainly depends on  the buildings thermal capacity and may be
improved aceording to the deviation of the results as against those specific to the above-
mentioned penod of reference

The heat balance of a building i these conditions is provided by relation (7}

QR _Q| =':LI-’“.' [i _E-\:} (7

Walue O of the left component of equation (7) is not a constant value specific to the
usual calculation morms [12]. Value Q) varies both with the owdoor climate conditions and
with the indoor microclimate conditions. The theoretical statement may be made that values

depend on the temperature ditference I[E. - 1.} values. Values O deercase simultancously with

the increase of values {t. > L-]| up ta a mimmuem that represents a normal dwelling condition
associate with the providing by the heating systemn of an aceeptable thermal comfort. Because
of the operational deficiencies of Romania’s urban cogeneration district heating svstem, when
the cutdoor temperature decreases. an acceptable level of comfort is no longer provided and
the occupants start using “local” svstems so as to improve the dwelling conditions. Such
interventions generate the increase of value Oy up to a maximum value imposed by the reduced
capacity of microclimate improvement or by the addmonal costs {in the case of the electric
heating devices). Therefore the zone of the important temperature differences {i. {] is

characterized by actually constant € values repardless of value {1, - 1.
It reference 15 made again to equation 7). it may be written as follows:

Qp = 1LI-""'}~ {i- - t-c] - ‘H[i- B !~'} ®)
Where:
l:ll =Y i. —_[}

The vanation of the heat fow supplied by the heating svstem as against the temperature
difference (1, - t.} leads to relation (9):

dQn . -t ¢
P R 3



In terms of the high values limit {:, -1_] and taking into account what has been
previously mentioned in connection with

. d0y
lim

{i.-;.}ﬂmz{w“ o

Therefore, the graphic expression of function Q= Qk{li = 1_.] helps i the
identification of the building global thermal characterstic by the assessment of the curve
tamzent anzular coefticient for imporant values of the {l, - L.] temperature difference. The
above-mentioned function can be established only based on the processing of the data supplied
by a heat meter equipment with a data collection system.

The heat Qow supplied by the heating system, Qg{t) is further processed as average
daily values which afterwards are processed as average values for periods of 3+5 consccutive
davs

The average indoor value of the heated space is assessed according to the thermal and
hvdrauhic characteristics of the heatmg svstem. The calculation relation which allows the
assessment of the indoor temperature variation is prosaded by the heating units thermal balance
equation:

Gu":'{Tl "u}=5|t'l-r'k'-'-"ﬂ|..g (11)
Considering the design and real characteristics of the svstem.

E-t, -1,

YETED
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and
o= Gy fGy B =5, /5,

Figure 2 presents the variation of values Qg and Q according to the (t, —t.)
temperature difference. in the case of a 44 apartment block connected 1o the district heating

network of the PT1 “Uvertuni™ substation. The block 1s of the ground-floor plus ten floors
tvpe and was built in 1974, Values Qp were assessed by means of an experimental system
placed in the basement and equipped with thermal and hydraulic monitoring devices as well as

heat meters. Values Q. are assessed based on equation (8); the global characieristic is known
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(UA) = 62746l WK (the procedure is desenbed in Fiz 1) As concerns values 0. they
range between 5.3 W/m™ and 8 Wim® for 1, - 1. > 12°C. The values. which are high exceed by
ab. 18% the normal ones (ab. 6W/m’) and are consequent to the occupants’ intervention
meant 1o improve the indoor microclimare.

May we emphasize that the value of the slobal thermal characteristie (UA) 15 no
constant. Moreover, the rather important dispersion of 1he measured values, Oy confirm the
previous statement. The variation of value (UA)- is mainly explained by the effect of wind
velocity on the overall heat 1ransfer coefficient (windows) and by the number of inside-outside
air exchanges. An importamt remark is that the decrease of the outdeor temperature and
implicithy of the indoor temperamure because of the heating svstem operational malfunctions is
accompanied by a diminishing of the dwelling space ventilation. Actually value (UA)- inferred
according to the procedure that has been described represems the sigmificant value for the
periad characterized by newative ourdoor temperatures. Theoretically, the value of the global
thermal characteristic is assessed as follows:

(UA)- = (UA)pE - (UA)R (13}
where
(LA = (LAY - n,.-‘l.-'-p-cl. (14}

Relations (13) and { 14) include two actually invanable terms, (LA and (LA} and a varable
one which depends on the alteration of 1he air exchange number. “n,”. The variation of value n,
from 0.7 b and 0.3 h"' causes the variation of (UA)- by 8. 7% for the building in question,
between the maximum and the minimum value. It is the reason why the aim of this report is to
separately identfy the components of the zlobal value (UA)- the proposed upgrading
solutions will focus on each and every compaonent.

Another invariable element of the building is its thermal capacitv. Mc This value is
useful m the assessmemt of the glazed area thermal charactenste (DAY Value Mce is assessed
based on the time constant value Me/{UA). of the building. The time constant value may be
experimentally assessed based on the variation of the average indoor temperature of the
building in the process of the dwelling  space natural cooling, The esperiment is performed
during the night so as to reduce the effect of the tree heat on the one hand and the dwelling
space discomfon on the other hand. In fact the huilding hea supply is cut ofT and the indoor
svatem water 15 re-circulated by means of the pump in the basement, Atter about 3h the water
average temperature is in fact equal 1o the indoor temperature. An additional condition
imposed by the experiment is that the outdoor temperature should not be subjected to
important oscillations. the amplitude being inferior to the value of 2 'C. In Bucharest such davs
are specific to the first twenty davs of November.

Fig. 3 introduces the results of &n experiment performed in November 1996 on the pilot
block M 28 (44 apartments). The heat carmier inlet and owtler temperatures were recorded -
which were obtained by the re-circulating the water in the svstem - as well as the indoor
temperature in apartment 35 and the indoor temperature assessed by relation (12). The
assessment of the time constant value was performed in relation wath the time interval between
I""hoand 7" h. Hear supply was cut off between 21" hand 7" h

The approximate balance equation is the fallowing:

13
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Qulz )= Qulz ) =(ua), aft, (e ) - 1= )] - Me ;;[ﬁr.{h ) (19)
where:

a(n)=nfn)- ()

afed=tle)-ufe)

Equation {199 is further used in the assessment of the glazed area thermal characteristic
(LA ) while the other values are measurable,
The (LU A characteristic of the opagque surface is provided by the fallowing equation:

and

(LA}, =(UA),. —{UA), (20)

Therefore the thermal identification of the building is completed.

The analvsis of value {UA) tacilitates the approximate assessment of the average fresh
air rate inlet into the dwelling space, a value which may characterize togzether with the indoor
temperature the thermal comton condition.

The analvsis focused on  the 44 apartment  block provides an averaze value
(UAN = 2.250 W/K. Based on the fact that the 560 m* windows are double-glazed and the
corresponding overall heat transter coefficient is Uy = 2.3 WK, the typical value n, =
035 mihm’ (V= 7.260 m") results which is lower than the ones stated by the physiological
comfort norms

Several experiments performed in the pernod 1994 - 1996 on the other blocks in
Bucharest lead 1o a conclusion which is important in terms of the energy-related upgerading
solutions: there is a quasi-constant ratio berween the value of the real thermal characteristic
(LA and the design value (U Ak, namely

(UA), /(UA), =070

The design value 15 obtained according to the desicn thermal load speoific to the
building. which is assessed based on the technical norms in force in Romania [13]:

(ua), =,/(t, -t..) (21)

For the construction in question, € = 32093 kKW. ¢, =20"C and 1, =-15"C.
Therefere, (UA), = 9,160 W/K and (UA), AUA), =069, a value which is close 10 the one
in reflation (21)



SYSTEM ENERGY RELATED DIAGNOSIS-ENERGY RELATED UPGRADING
TECHNICAL SOLUTHINS

The “SIMPATIC™ sofiware is based on the heat balance equations specific o the
thermal substation-buildings system which uses the components characteristics generated by
the thermal identiticarion [ 14].

This sofiware can be used in the analvsis of various rehabilitation solutions in terms of
energy related effeers. May we further briefly present an analvsis based on the SIMPATIC
software and focused on the building complex connected 1o the PTT “Uverturii™ thermal
sibsiation with a useful capacity of 3.3 MW. The following significant values have been
obtained by the application of the expertise procedures:

(UAgey = 106845 WIK as against the design value: (LUA),, = 384772 W/K mainlv
because of a 40% reduction of the primary heat carrier as well as of the organic and inoreanic
deposits inside the existing heat exchangers,

(UA)- Bl 28 = 6.274.61 WK of which (UA) = 2.250 W/K emphasizing the present
value of air exchanges number . § = 0,35 m'/lvm’ which is insufficient in terms of the normal
fving standard:

0, Bl 28 = 15000 W, a value by ab. 18% higher than the normal value stated by
literature:

G,,/GL = 0035 leading to a value of Gu = 3.37 ky's.

Block M28 with 44 apartmems of the tvpe GF-10 floors has been selected for the
analysis concerning the energy related upgrading solution

The following cases have been analvsed:

1. Present situation: average winter conditions with the outdoor 1emperaiure
Lo 20 and e =82"C. G = 1805 ke/s (Gy' = 060-G)), ). The result s
trs = 165 "CL g = 8.6 °C2 tyy = 423 "C and tge=36 "C. which are very close to the
measured values.

Oy = 2523 KW, Q. = 1907 KW (T5.49%), Oy = 124 KW (b 91y O = 4094 kW
(19.6%).

May we notice the very important energy [osses in the distribution network (24.51%).

2 Averase winter conditions (t. = 2'C) and t, = 70 "C. upgraded network,
G, /Gl = 0002 proper thermal insulation of the pre-insulated pipes. efficient  heat
cvchansers. Result: tiae = 21.6 °C (improved thermal insulation and alteration of the indoor
heating equipment)

1, =4570"Cit, =3074 "Coy, = 4382"C,

Qur = 2780 kW, Qpm, = 2694 kW (96.55%). Qp = 61,18 kW [1.26%):

Qs = 96.3 kKW (3 45%).

Mav we conclude that the rehabilitation measures lead to the achievement of thermal
comfort. The eneray potential of ab. 2004 caused by the enerwy losses of the existing svstem is
efficiently used.

According to the upgraded variant, (UA), = 5050 W/K. of which (UA)™ = 2570
W/K. The new thermal characteristic was assessed at an outdoor temperature of (10 "C) and
the assumed discomfon risk was of 4%



The discomfort risk refers to the oceurrence frequency of the average dailv outdoor
temperature. So. in ab, 4% of all the davs of the heating season, the average daily outdoor
temperature is lower than -10 "C

The fact that value (AN, which is specific 1o the upgraded building, exceeds the
vatlue specific 1o the existing building is explained by the ensurance of an average rate of fresh
air, fi, = 060 m'/hWm’ as against the present value of only 035 m™/h/m”.

The values previously presented outline a possible strategy of energy related upgrading
which will cover the lallowing phases

- thermal substation upgrading:

- network uperading by the use of pre-insulated pipes:

- improvement of buildings thermal protection.

The technical solution of reducing the heat fow dissipated throush the windows is
triple-glazing (the currently existing windows are double-glazed).

As concerns the opagque members of the experimemal building, the averaze additional
thermal resistance imposed by energy-related upgrading is no more than 0,42 mK/W

May we underline that the results of item 2 refer only to the upgrading of the
experimental building. The upgrading of all the 37 blocks connected to PT1 "Uvenurii” could
lead to an acceptable thermal comfort in the dwellings as well as to the diminishing of the
supplied thermal capacity by 4% as against the presemt consumption (Qpr = 2,170 kW),

In the present eperational conditions of the heat supply svstem specific to the thermal
substation in question (PT1 “Uverturii™), the heat consumption specific to block M 28 is of
623 MVnv* vear (1, = 165°C.n, =035 m'm’). If the upgrading solutions propesed  in
this report were applied, the specific consumption  would be of 450 M) m vear
(t: = 216"C 0, = 06m'MWm’), which may involve a 28% heat consumption reduction in the
conditions of reaching an scceptable thermal comfon level in the dwelling space. The
upgrading solutions that are proposed lead a1 the same time at the diminishing of the heat
carriers temperatures. involving beneficial effects on the cogeneration index. The diminishing
of the primary heat carrier temperatures allows the adoption of modern sclutions in the
network uperading by the use of pre-insulated pipes.

May we finally emphasize that it the thermal substation and the network are not
upgraded. only rehabilitation of the thermal protection of block M28 leads 1o a value

(UA) =2.820 WK which requires an extremely severe insulation of the opague pan of
the envelope

CONCLUSIONS

- This report presents in detail the methodologies and the procedures of thermal
identification of the thermal substations hem exchangers. of the heat carmer distribution
network and of the buildings connected to the cogeneration heating system

= The characteristics that are thus assessed can be included in the SIMPATIC sofiware
which provides possibilities of energy related diagnosis concerning an entire system.

- This paper presents as an example the thearetical and experimental results obtained by
the application of the thermal identification and diagnosis procedures in the case of PTI
“Uwerturii” thermal substation and block M2, both in Bucharest,



Syvmbols

1 - heat carrier inlet temperature ['C]
ti - heat carrier outlet temperarire [“Cj
t; - environment indoor temperature ['C]
te - outdoor temperature ['C]

- . - . i
At,, = logarithmic mean difference of heat carriers temperatures[ C]

OQpy - heat fow dissipated from the heat carrier to the outside [W]

Qpz - heat flow demanded by top-up water heating [W]

Qsen - heat flow-rate transferred to heat exchangers [W]

Qn - heat Aow dissipated through the opaque parts of a building before the application
of thermal perturbation [W]

Oy - “free” heat thermal flow] W]

O - installation heat flow-rate transferred 1o living space [W]

G - fluid mass flow-rate [kafs]

G - water mass Now-rate circulated in the static heating units [ke's]

U - overall heat transfer coefficient [Wim'K] ]
I - convection heat transfer coefficient [W/m'K]
R - thermal resistance caused by pipes walls and fuid impurities in heat

exchangers [m'K/W]
UA - global thermal characteristic [W/K]

c - mass specific heat [1kek]

[ - air specific heat @1 constam pressure [JheK]
Me - building members thermal capacity [VK]

P - pipe perimeter [m]

X - pipe lenzth [m]

Sg - static units heating area [m’]
v - volume [m’]

M, - air changes number [

T - time [5]

P - air density [ke/m’]

n - Heaviside function {unit step function)
a - average square deviation

Indices
5 - secondary
P - primary
-1 - thermal channel
4] - nominal
scw = heat exchanger
o = building
E - glazed area
P - OpHCUe area
PT = thermal substation
v - windows area
E - experimental
T - thearetical
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