Napjainkban egyre fontosabb szerepet tolt be az épiiletallomany energiafelhasznalasanak
minimalizalasa. Az Europai Unio 2030-ra 55%-kal kivanja csokkenteni az 1990-ben mért
CO2 ki-bocsatasi adatait, majd 2050-re 100%-ban karbonsemleges allapotot kivan elérni
az egész EU teriiletén az European Green Deal, a Paris Agreement és a European Climate
Law keretében. Ezen megfontolasok keretében jelen tanulmanyomban megvizsgalom,
hogy az adott rendszerrel milyen lehetoségek kozott mozogva optimalizalhatjuk az
épiiletiizemeltetést — tekintettel 1éve a hétermeldok be- és kiléptetésére, illetve a héigény
optimalis hétermelével valo fedezésére.
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Building description

9 floors

Central Budapest

Office area: 5126 m?
Residential area: 4692 m?

Date of handover in the 4th
quarter of 2021

Purpose of energy
consumption

Required energy type

The building's yearly heating and cooling energy
consumption

District-heating and

Heating (Residential) electricity 34,87 kWh/m2/year
District-heating and
DHW (Residential) electricity 30,00 kWh/m2/year

Cooling (Residential)

Cooling energy

19,75 kWh/m2/year

Heating (Offices)

District-heating and
electricity

40,52 kWh/m2/year

Cooling (Offices)

Cooling energy

65,00 kWh/m2/year

Free cooling winter cooling

Cooling energy

15,00 kWh/m2/year
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Alternatives for Heat Recovery

Air-side source linking

Ventilator
%w
&
> Cooling forward
K—— Cooling backwards
—ET
{ Expansion valve
Condenser
\l/ Chiller
Air duct
Q
\L Ventilator
Heat pump
o)
]
> Heating forward
- K<— Heating backwards
? Evaporator Condenser

Chiller

Heat pump between
two tanks

Heat pump

Cooling backwards Cooling backwards
18°C
“
Cooling forwards N Cooling forwards
10°C
, 4
Heating forwards Heating forwards
40°C
Heating backwards Heating backwards
33°C
L

Evaporator

Heat pump

Condenser_
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Heat Pump and Chiller
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Heat Production Strategies

COP values as a function of external temperature

-12,0-11,0-10,0-9,0 -8,0 -7,0 -6,0 -5,0 4,0 -3,0 -2,0 -1,0 0,0 1,0 2,0 3,0 4,0 50 6,0 7,0 8,0 9,0 10,011,012,013,014,015,016,017,018,019,020,0
External temperature[°C]

COP1y—COP_1,
(tk1—tr2)*10

° COPL =IF tk,i—l - tk,i =0; COP'_l; COPi_l +
* A Daikin EWYT 500B-XRA2 heat pump
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* (tk,i—l - tk,i)




Heat Production Strategies

Primary energy optimum

Alternating mode

12
o
E 10 Eprimary,hp T Eelectric,hp * eprimary,hp
~ .

Q

E Eprimary,distr. = Eoff.heat + Eresheat * IF (% > 1;0; 1)>*eprimary,distr.
: res.nea
o
e 8
g
5 * 18-12°C - District heating
§ 6 « 12-(-3.8°C) = Simultaneous
5 * -3.9-(-10.3°C) = District heating
2
2. —Heat pump —District heating
%\ 4
£
=
A~

2

0

-11 -9 -7 -5 -3 -1 1 3 5 7 9 11 13 15 17

External temperature [°C] 9/22



Heat Production Strategies

Primary energy optimum

Parallel mode

12
E Eres. heating
electrichp = 1p(cop>3,c0P;3)

) Qn Qn
& 10 *IF(t <—3;IF(.—p>1;1;.—p);1) * €, .
g € Qres.heating Qres.heating primary,hp
? 8 Eprimary dist. — Eoff.heat * eprimary distr. +
o
E Qn Qn
% T Eres.heating * HA <Q—p > 1, 0; (1 I Q—p)> * €primary,dist.
= res.heating res.heating
2 6
S e 18-12°C
—
g ¢ 12-(-3.8°C)
2 4 ¢ -3.9-(-10.3°C)
2
g 5 Q DlStI'lCt heatlng
oy

0

17
External temperature [°C] 10/22



Heat Production Strategies

Primary energy optimum

Summarised primary power consumption
10

« Alternating mode: 19.816 [kWh/m?a]
-1.2°C < Parallel mode: 20.391 [kWh/m?a]

* Only district heating: 19.874 [kWh/m?a]

Alternating
- = Parallel

—Only district heating

Primary heating power [W/m?2]
U1

-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16 18 20
External temperature [°C] 11/22



Heat Production Strategies

Primary energy optimum

Differences in primary energy use compared to district heating

only

0,35
0,3

0,25
+ Alternating mode: 19.816 [kWh/m?a]
» Parallel mode: 20.391 [kWh/m?a]

* Only district heating: 19.874 [kWh/m?a]

0,2
0,15

ption [W/m?2]

0,1

0,05 -L2P°C

-0,05

2 4

-0,1
-0,15

Primary power consum

-0,2
-0,25

-0,3
-12,0  -10,0 -8,0 -6,0 -4,0 -2,0 0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0 18,0 20,0

External temperature[°C]
Alternating =—Parallel
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Heat Production Strategies

Operational cost optimisation

Costs in alternating mode

1300
1250
1200
1150
1100
1050
1000
950
900
850
800
750
700 1;
650
600
550
500
450
400
350
300
250
200
150
100
50
0

-12,0-11,0-10,0-9,0 -8,0 -7,0 -6,0 -5,0 -4,0 -3,0 -2,0 -1,0 0,0 1,0 2,0 3,0 40 50 6,0 7,0 80 9,0 10,011,012,013,014,015,016,017,018,019,0 20,0

_ [ Eves.heat th . 1.
Celectricity,alter. = COP * IF | = >1;1;0) ) * Derectr. *
res.heat

Atotal.

th

istrict,alternating — Eoff.heat + Eres.heat * IF ( 2 >

res.heat

) 1) * Paistr * Atot.

Heating cost [HUF/h]

External temperature[°C]
= Heat pump == District heating 13/ 22



Heat Production Strategies

Operational cost optimisation

Cost overruns in parallel mode

1300
1250 b C i L Eresheat
1200 electricity,parallel — IF(COP>3;COP;3)
1150 . 1
1100 Q Q

, h h
1050 «| IF (te < —3;HA (—p >1;1; P

1000 ’ o
950 Qres.heat Qres.heat

900
850
800
750 P Cdistrict,parallel = Eoff.heat +
700
650
600
550 Eresnear * IF
500
450
400
350
300
250
200
150
100
50
0

-12,0-11,0-10,0-9,0 -8,0 -7,0 -6,0 -5,0 -4,0 -3,0 -2,0 -1,0 0,0 1,0 2,0 3,0 40 50 6,0 7,0 80 9,0 10,011,012,013,014,015,016,017,018,019,0 20,0

) ) 1) * Pelectic. * Atot.

Qn Qn
'—p >1;0;11—- —p * Pdistr. * Atotal

res.heat Qres.heat

Heating cost [HUF /h]

External temperature[°C]

== Electricity cost == District heating cost 14 / 22



Heat Production Strategies

Operational cost optimisation

Summed operation mode costs

 Alternating mode: 2 487 278 HUF/a
* Parallel mode: 2 498 289 HUF/a
* Only district-heating: 2 511 433 HUF/a

0:7°C

|
!
I
!
|
I
!
i
|
!
|
|
I
I
|
-12,0-11,0-10,0-9,0 -8,0 -7,0 -6,0 -5,0 -4,0 -3,0 -2,0 -1,0 0,0 1,0 2,0 3,0 40 50 6,0 70 8,0 9,0 10,011,012,013,0 14,0 15,0 16,0 17,0 18,0 19,0 20,0

External temperature[°C]

Alternating ——Only district heat. —— Parallel 15/22



Heat Production Strategies

Operational cost optimisation

Differences in operational cost compared to only district heating

70
60
50
40
30
20

10

0,7 °C

Heating cost [HUF/h]

-12,0-11,0-10,0-9,0 -8,0 -7,0 -6,0 -5,0 -4,0 -3,0 -2,0 -1,0 0,0 1,0 20 3,0 40 50 6,0 7,0 8,0 9,0 10,011,012,013,014,0 15,0 16,0 17,0 18,0 19,0 20,0

External temperature[°C]

Alternating =——Parallel 16/ 22



Heat Production Strategies

COz2emission optimisation

CO2 emissions
30

28
26

* Alternating mode : 37 762.6 kg
 DParallel mode: 37 456.1 kg

* Only district-heating: 44 098.4 kg
(despite of 164.1 g/kWh and 386 g/kWh)

24

22

20

18

16

Carbon-dioxide mass flow [kg/h]

-12,0-11,0-10,0-9,0 -8,0 -7,0 -6,0 -5,0 4,0 -3,0 -2,0 -1,0 0,0 1,0 20 3,0 40 50 60 7,0 80 9,0 10,011,0 12,0 13,0 14,0 150 16,0 17,0 18,0 19,0 20,0
External temperature[°C]

Alternating = Parallel = Only district heating 17/ 22



Heat Production Strategies

Operational cost optimisation

CO, emission differences compared to only district heating
400

200

0

-200

-400

-600

-800

-1000

-1200

-1400

-1600

Carbon-dioxide mass flow [g/h]

-1800
-2000
-2200

-2400
-12,0-11,0-10,0-9,0 -8,0 -7,0 -6,0 -5,0 -4,0 -3,0 -2,0 -1,0 0,0 1,0 2,0 3,0 4,0 50 6,0 7,0 80 9,0 10,011,012,013,014,015,016,017,018,019,020,0

External temperature [°C]

Alternating —— Parallel 18/22



Annual external temperature and heating modes
40

N
(@]

—
(e)

External temperature [°C]
o

-10

Date
19/22

Only district heat. Simultaneous —— Annual external temperature



Heat pump control

* Time-dependent switching « External temperature
* 2 hours of information collection dependent switching
* 6 hours of deactivation time after * 1,5°C temperature margin

mode change

Heat pump switching

fry
S~
=
g ;
%1 O — — = = = = .‘ @
'%D % -'>
<
E
0))]
4 - —
| AERREL FERRNN

7 7,2 74 7,6 7,8 8 8,2 8,4 8,6 88 9 9,2 94 9,6 9,8 10 102 104 106 108 11 11,2 11,4 11,6 11,8 12 12,2 124 126 128 13 132 134 136 138 14 14,2 144 146 148 15

External temperature [°C] 20/ 22



Summary

System unable to utilise waste heat recovery

The most suitable system operational mode is parallel

Negligible gains without constructional system changes

System upgrade options
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H-1111 Budapest, Bertalan Lajos u. 4—6., Hungary
+36 1463 1106
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Szivattya szabdlyzasa

Szivattyukoltség a fiités koltség aranyaban
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Szivattya szabdlyzasa

Szivattyukoltség a fiités koltség aranyaban
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0,05

0
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Szivattya szabdlyzasa

A valtoz6 tizemmod megtakaritasai
03

0,25
71 m3/h-s izem: 215 252 Ft

* 56,4 m3/h-s tizem: 168 588 Ft

0.2 « Valtozé tomegaramu tizem: 166 353Ft

=015

0,1

0,05

0
-12,0 -11,0 -10,0 9,0 8,0 -7,0 -6,0 -5,0 4,0 3,0 20 -1,0 00 1,0 20 3,0 40 50 60 70 80 90 10,0 11,0 12,0 13,0 14,0

Kiils6 hémérséklet [°C]

—X_71-x_valtozo X_b6,4-x_valtozo



Free-cooling tizem

H(itési igények kiszolgalasa

115
110
105
100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

Q [kw]

-100 9.0 80 -70 -60 -50 40 -30 -20 -10 0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0

Kllsé hémérséklet [°C]
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