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Introduction

Dwelling houses are one of the largest heat uasiiagia heating period in Latvia. In 2007 Latvian
residential building stock consumed 73% of all heaergy produced [1]. The largest part of
consumed heat had been used for heating and donettwater (DHW) supply for the dwelling

houses.

Current situation in Latvian residential building stock

Multi-compartment dwelling houses in Latvia form.B4min nf, which makes 63.2% of the total
residential building stock [2]. The large majoritfdwelling houses in Latvia take serial buildings.
The parameters of each serial building are destritetailed in sources [3]. Despite of the fact that
buildings of various types differ visually, the éntal engineering and technical structure of all
buildings is practically the same in all types aflthings.

Current situation in district heat consumption sysems

One-pipe heating systems with the connection to disérict heating system were used to heat
buildings. Till 1991 a direct connection througlke\altors was mainly used. Since 1997 the elevators
has been gradually replaced by plate-type heatagwysrs, thus moving away the internal engineering
networks of the buildings from the external hegipy networks. Heating systems of the buildings
were made of steel pipes.

Till 1997 DHW was mainly generated in central hegtpoints (CHP) which served groups of 4-5
buildings. Since 1997 the generation of DHW waglgadly transferred from CHP to individual boiler
houses installed in each building.

Hot water supply systems were installed with the aEmainly zinc-plated steel pipes with recycle
cables. Heated towel rails were usually conneatatsér pipes [4].

Current situation with the normative of DHW consumption in residential building stock

Now DHW supply system is constructed accordinglyltdvian building normative LBN 221-98
,Buildings’ Internal Water Supply and Sewerage 8wst [5]. Till the 1st of August, 1998, former
USSR building norms SNiP 2.04.01-85 ,Buildings’ dmal Water Supply and Sewerage System.
Project norms.” [6] were used for DHW construction.

Daily DHW consumption per one person is definedvioy parameters: the amount of hot watires
per person per dgyand temperature°(). According to Latvian building normative LBN 22B
DHW consumption normative amount is defined depamdin the level of building amenities - the
average index is mainly 105 litres daily (3.2 per month), temperature is 56,°nd the irregularity
coefficient =2.5.

Currently, at the time when energy savings hasreduighly topical in view of commercial metering
of the heat energy spent to DHW preparation byyeegensumer and its high tariffs, the mentioned
norm could be qualified as the maximum and obvipuségular. The DHW consumption in Latvia is



approaching the level of European countries, whaespite the prosperity of their population, DHW
consumption is not very much. For example, in DakmaHW consumption is 50 | per day per
person or 180 | for a 3.5-person statistical farfuly8].

Literature review

In 1970s the domestic hot water consumption wag kigrh; for example, in former USSR it was 95
I/d per person or more.

The latest investigations in the research of theektic hot water consumption in the dwelling houses
have been carried out in the United Kingdom, Ryds&onia, Denmark [9, 10, 11, 12, 8] show a
decrease in DHW consumption. There are only miniofenges in DHW consumption profile in
Russia [10].

Objectives of research

1. To define average daily DHW consumption per peisdie building. To compare its value with
the suggested normative (q=105-d)d If DHW consumption per person differs from naitive,
define actual DHW consumption irregularity coeffiot.

2. To define maximum consumption hours during the adyseasurements.

Experimental set up

The current investigation considers one 32-apartrbeiiding (8 floors) built in 1985 in the Riga
Plavnieki District. There are 100 inhabitants ia Huilding.

The investigated building is connected to “Rigaléu8is” district heating network. The building has
modern automatic heating substation, and is eqdipptlh contemporary heat counters as well as hot
and cold water meters.

Fig.1. The apartment building chosen for the monitorih@HW consumption



DHW is delivered to the bathrooms and sinks. Inlibéding the hot water system has been partly
renovated.

The measuring equipment includes DHW meter whidbrggs to “B” class meter with error limit £3-
5.

According to Latvian building norms LBN 221-98 ald 148, DHW flow rate in heat units is
measured by the cold water meter, which is ingdali€ront of the water heater.

It is important to mention that inhabitants witHfelient incomes live in the house; they work on
enterprises and institutions with different worlgires (beginning of the work, lunch time, end & th
work, number of shift work).

DHW experimental measurements were done in ordetatify the actual DHW consumption in an
apartment building. In order to achieve this, measents from heating substation of the dwelling
house were taken. So as all multi-compartment dwgebuildings have very similar engineering and
technical solution there is no difference of ppteiwhich building to choose for the experiment.
Measurements of DHW consumption (I) were perforinedrly during all period of experiment.

Dimensional analysis

According to Latvian building norms LBN 221-98 alé 194, the irregularity coefficient of water
consumption is defined by this formula:

Kk, = )

oo

Where:

ki — irregularity coefficient of daily maximal wateonsumption hours (domestic hot and cold water);
0w — maximal water consumption per hour (domesticamok cold water)i/h;

Or — average water consumption per hd'tr,

Analysis of experimental results

In order to make valuation and comparison DHW mesmants an electronic table was made.

In the first column measurements of DHW daily canption are shown, in the second — average
consumption per hour, in the third — maximal congtiom, in the fourth — irregularity coefficient, in
the fifth — actual DHW consumption per inhabitaimt,the sixth — the ratio of the daily average
consumption to the daily maximum consumption.

Table 1
Test conditions
Day q qT ghr kir gfact
)] (I/h) (I/h) (I/d-c)

2007-16-03 Friday 3712,00 154,70 385,00 2,49 37,12
2007-17-03 Saturday 5106,00 212,80 516,50 2,43 651,0
2007-18-03 Sunday 4968,60 207,0( 618,80 2,99 49,68
2007- 27-03 Tuesday 3889,70 162,10 386,90 2,39 938,8
2007-28-03 Wednesday  4429,40 184,60 467,80 2,53 2944,
2007-29-03 Thursday 4832,00 201,3( 609,90 3,03 248,3
Average for period of 4489,62 187,07 497,48 2,66 44,90

measurements
Average for workdays 4215,78 175,66 462,40 2,63 1612,
Average for rest days 5037,30 209,89 567,65 2,70 ,3750




Where:

g — DHW daily consumptior;

Oract — actual DHW consumption per one inhabitdid, c).

In order to compare values of DHW consumption péabitant of the dwelling house the diagram is
constructed and shown below. Daily DHW consumpti@viation in days of measurements from
average value is 14+18%.
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Fig. 2. Daily domestic hot water consumption per inhakitarthe apartment building

DHW consumption profile is constructed from praakiecneasurements of DHW consumption. On
profile abscise axis daily time in hourdgs shown, on ordinate — domestic hot water consiamp
value.

Consumption profiles of typical days of week (Fyidaeekend, workday) are shown below.
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Fig. 3. DHW consumption profile of the 32-apartment buntg Friday, 2007-03-16
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Fig. 4. DHW consumption profile of the 32-apartment buntg Saturday, 2007-03-17

As it can be seen from Figures 2, 3, 4, DHW congionpmaximums are observed in the mornings
(8-10 a.m.) in spite of 1970-1990 when the maximwase observed in the evenings [13], and DHW

consumption profiles of apartment building in Rey& close to the domestic hot water consumption
profiles in the USA [14].
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Fig. 5. DHW consumption profile of the 32-apartment bimitg Thursday, 2007-03-29



Conclusions

In the paper are presented the results of domlestizvater consumption experimental monitoring for
a dwelling house in Riga. Analysis of results shdwesfollowing:

1.

Domestic hot water consumption data differs notbedrom normative values. As practice
shows, one person spends averagely 44.96 ¢fihot water or 1.35 ftper month. Comparing
with normative values (q=105 l&tor 3.2 nVper month), normative and actual consumption diffe
almost 2 times.

With domestic hot water consumption decreasingeginfarity coefficient does not differ
essentially from literature data,f2.5) — it varies within 2.39 k; <3.03.

During the experiment it was verified that domedtiat water consumption maximums are
observed in the mornings (8-10 a.m.) in spite af2990 when the maximums were observed in
the evenings.

Domestic hot water consumption profiles of apartiviarilding in Riga are close to the domestic
hot water consumption profiles in the USA.

Research shows that in designing domestic hot vegstems it is not reasonable to use domestic
hot water consumption design value (g=105)cbecause values which are derivative from it are
overestimated.

In the scope of this study the analysis of domésticwater consumption done only in the apartment
building. Taking into account fact that data is ited the monitoring of domestic hot water
consumption will be continued during next yearsisltplanned to evaluate DHW consumption in
different apartment buildings.
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Since the independence resumption of Latvia in 1980Qer consumption in the country has decreased fe

times. Accordingly, domestic hot water consumpitiathe household sector reduced.

Water consumption decrease was caused by extewsies consumption meters’ installation, increaseshth
supply tariffs, and domestic hot water savings\atigis.

In this paper there are presented the results ohetic hot water consumption measurements, which dane
in a dwelling house in Riga. The results were wdrke using the prescribed formulas of building native
LBN 221-98.

The fluctuations of irregularity coefficient depémglon domestic hot water consumption decreaseanatysed
in this research; as well as domestic hot waterstwnption fluctuations in the day time and the makim
consumption value.

Using the received results, domestic hot water gongion profiles were prepared.

The results of measuring show that the actual comsion values are less than the design values.

Budjko Z., Zebergs V. Karsta adens patripa petijums daudzdavoklu dzivojama maja.

Kop$ Latvijas Republikas neatlibas atgSanas 1990. gar zdens patripS valsi samazigjies vaitakkart.
Atbilstosi samazigjies ar karst: zdens patripS mijsaimniec¢bas sektat.

Udens patripa samazinSanas veicigjia idens skaitzju uzstdiSana, tarifu paaugstitSana siltumapade,
karstz zdens ekonomijas palsumi.

Rakst prezentti karstz zdens patriza merjjumi daudzdwoku dzZvojamaj nuja Riga. Rezulfti tika
apstiadati, lietojot LBN 221-98 piedvatas formulas.

Petijuma ietvaros analitas nevieraribas koeficienta swstibas atkiriba no karsgé adens padriga
samaziaSanas, K ar7 karsti adens patriza svarstibas dienas laik un maksinala patriza lielumi.

Izmantojot iegtos rezulfitus, tika sagatavoti kargtidens padripa profili.

Petijuma rezulgiti rada, ka karsi izdens padrins ir mazaks nek LBN 221-98 piedaitais.

Byabko XK., 3edeprc B. Yuer norpebienusi ropsiueii BoJgbl B MHOTOKBAPTUPHOM KUJIOM JIOMe.

IHocne soccmanosnenus nezasucumocmu ¢ 1990 2. nompebnenue 600vl 6 dwcunuwHom cekmope Jlameuiickoii
PecnyonuKu yMeHbUIOCh 8 HeCKoIbKo pasz. CoomeemcmeenHo, CHU3UIOCL U nompebieHue 2opsyell 600vl. B
YACMHOCMU, YMOMY CHOCOOCMB08ANA YCMAHOBKA UHOUBUOYAIbHBIX CUeMYUKO8 NOMPeDAeHUsl 800bl, NOBbIUIEHUE
mapugos Ha 8000CHAbOI’CEHUE, MEPONPUSMUSL NO IKOHOMUL 20pAHell 600bl HACEICHUEM.

B pabome npedcmasnenvl pezyrbmamoei usmeperuil nompebienus 2opsadeli 600bl 8 MHO2OKEAPMUPHOM O00OMe
2.Pueu. Pezynomamoi 0o6pabomanul, ucnoiwv3ys npeoiodceruvie ¢ cmpoumenviom Hopmamuse JIP LBN 221-98
dopmynoi.

B pamxax uccreoosanus ananusupogamnvi Koiebanus Kodg@uyuenma HepasHOMEPHOCMU 8 3A8UCUMOCTU OM
usMeHeHuss nompeoOieHUs: 800bl, USMEHeHUs pacxoda 2opayell 600bl 8 meueHue OHA U 8elUUUHbl HAUDOILULE2O
nompebenus.

Pesynomamol  uzmepenuil noxasvieaiom, 4mo ¢hakmuueckoe nompefOieHue 2opsiyeti 800bl CYUECMBEHHO
OMAUYAEMCst OM NPEONIONHCEHHO20 HOPMAMUBOM.



