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OF THE BUILDING ENVELOPE’S AND
HOT WATER PRODUCTION SYSTEMS’ INFLUENCE
ON THE HEAT LOAD PROFILE OF DISTRICTS
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Research Question

How can | quickly assess:
Annual heat load profile?

Total heat demand?

Linear heat density?

- Answers within 10 minutes!!
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Influencing Factors on the Heat Load of Developments - T AN SR

Location
Building envelope ;
m Hot water preparation

Building constellation Set room temperature
Building density ~wll & | |Air conditioning
DH route length Number of residents
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Result: Heat Density of Various Districts over Plot Ratio W eLEn.

Location: Potsdam Germany (nearby Berlin); each marker = one district

Heat Density in —<%h
Mijandarea * @
120
SHEY GlerikEr 1. 3 Energy Efficiency Standards
100 KfW 55 2. Through the ratio of
30 KW 40 living area to land area of the district
60 = plot ratio
3. Estimation of total final heat demand
AT ! > EnEV Standard
20 i > My district plot ratio 0.4 = 41 kWh/m?_4
0 i > Land area = 115,000 m?

0.0 0.2 0.4 0.6 0.8 1.0 1 = Final heat demand = 4,710 MWh/a
Plot Ratio in —
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Result: Linear Heat Density of Various Districts o olan.
Location: Potsdam Germany (nearby Berlin); each marker = one district

: s kWh
Linear Heat Density in z——
5000
EnEV Standard
4000 KfW 55
KfW 40
3000
2000
:
1000 E
|
|
0 :

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Plot Ratio in —

Assumption: 1,580 m main line + 10 m ./ house connection
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Categorization of Districts with Plot Ratio acc. to Q@ :o0can.
(Persson & Werner, 2011)

The plot ratio represents
the ratio of the sum of heated building area to the land area of the district:

) Aheated,living space ) Aliving space

plot ratio = .
Aland area,district 115000m

o f(building density), |Constant,
- " here the white cubes here green part
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Sep._. ... ., ____

Compilation of buildings — Generation of Districts " sty
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Simplified Building Typology — 13 Building Types O soran.
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Four categories

Number of housing units 1..36

Living area / 83 ..1860 m? 34 .. 52 m?*/Pers
living area per resident *'

DHW demand *2 7.0 .12.5 kWh/m? . ../a = 22.0 .. 40.0 I/Pers/d
Residents 2..54

*1 Data report 2018 of the Federal Statistical Office Germany. The data reflects the building landscape of Germany and is based on
the 2011 Census ("Statutory Collection of Statistical Population Data”) and the 2014 Microcensus ("Survey of one percent of all households in Germany”).

*2 useful energy demand for hot water in residential buildings according to the Federal Institute for Research on Building, Urban Affairs and Spatial Development
(BBSR) Germany, 2017; referred to the heated area, which 1.2 times the living space
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Simplified Building Typology — 13 Building Types

DH network /
transportation

pipes

substation /
house lead-in
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Assumption:
DHW system
instantaneously
K3 or with Storage

« Generated hundreds of tapping profiles -

 Ran dynamic series simulation
- Pool of heat load profiles

Assumption:
floor heatlng system
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Single Famlly Houses Multi Family Houses
70°C 62°C 60°C
o
60 °C A~
62 °C #
70°C | : N |:
| 55°C
55 °C
50°C 10°C 30°C 10°C
\ I 62°C 60 °C
62 °C 60 °C T
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55 °C |:
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per house type and hot water preparation system
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Simplified Building Typology — 13 Building Types

DH network /
transportation

pipes

substation /
house lead-in
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Assumption:
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Multi Family Houses

19recum : o 62 °C egl_“c
Assumption: e 60°C j 7\
DHW system 70°C_| ™ |: _
instantaneously % 55°C
or with Storage 50 °C 10°C —
\ . e e e
Go check out the presentation of Hagen Braas: 0 T | NV T+
“Generating DHW load profiles of buildings

with realistic simultaneity for DH system simulations
using DHWcalc and TRNSYS”

;E_‘ 55°C
I
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Comparison Heat Demand to Final Heat Load Wcoran.

Useful Energy Demand Final Energy Demand:
hot water preparation with storage + circulation
heat demand in kW heat load in kW
2500 2500
mem SH me SH
2000 N DHW 2000 N DHW

plot ratio = 0.4

plot ratio = 0.4

1500 1500
1000 1000
500 500
0 0
0 1460 2920 4380 5840 7300 8760 0 1460 2920 4380 5840 7300 8760
time in hours +21 % time in hours
4,017 MWh » 4850 MWh

DHW final energy demand
twice as high due to circulation losses
+ heat losses through storag
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Comparison Heat Demand to Final Heat Load o Lo LA

Useful Energy Demand Final Energy Demand:
Instantanious hot water preparation + circulation
heat demand in kW heat load in kW
2500 2500
B SH E SH
2000 EEE DHW 2000 EEE DHW

1500 plot ratio = 0.4 1500 plot ratio = 0.4

1000 1000
500 500
0 0
0 1460 2920 4380 5840 7300 8760 0 1460 2920 4380 5840 7300 8760
time in hours +17 % time in hours
4,017 MWh > 4706 MWh

DHW final energy demand
twice as high due to circulation losses
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Change with increasing Energy Efficiency « SR EABTE Lo

EnEV Standard
Transmission Losses: 0.27 .. 0.40 W/(m?K)

heat load in kW

4706.8 MWh 2500
Em SH
2000 BN DHW
1500
plot ratio = 0.4

1000

500

0
0 1460 2920 4380 5840 7300 8760

time in hours

Location: Potsdam Germany, nearby Berlin
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Change with increasing Energy Efficiency .« SR EABTE Lo

KfW 55 — higher insulation thickness, better windows
Transmission Losses: 0.21 .. 0.31 W/(m?3K)

heat load in kW
4144.3 MWh 2500

B SH
2000 B DHW

1500

plot ratio = 0.4
1000

500

0
0 1460 2920 4380 5840 7300 8760

time in hours
- 12 % compared to EnEV Standard

Location: Potsdam Germany, nearby Berlin
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Change with increasing Energy Efficiency - SR EABTE Lo

KfW 40 — even better insulation & air ventilation system
with heat recovery
Transmission Losses: 0.17 .. 0.27 W/(m?K)

heat load in kW

2083.6 MWh 2500
B SH

2000 N DHW

1500
plot ratio = 0.4

DHW 1000
500
0

0 1460 2920 4380 5840 7300 8760
time in hours

- 56 % compared to EnEV Standard

Location: Potsdam Germany, nearby Berlin
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Heat Density of Various Districts W Eois.

Location: Potsdam Germany (nearby Berlin); each marker = one district

Heat Density in —<%h
Mijandarea " 9
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Linear Heat Density of Various Districts o olan.

Location: Potsdam Germany (nearby Berlin); each marker = one district

. .. kWh
Linear Heat Density in 77—
2000 e by starkion Plot ratios > 0.3:
n anaar linear heat density > 500 kWh/m_ .
4000 KfW 55 S even at high energy efficiency
KfW 40 S §> standard of the building
3000 L
>
Q
2000 >
Q
3
1000
0
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Plot Ratio in —

Assumption: 1,580 m main line + 10 m ./ house connection
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Summary © seran,
* Method to quickly asses final heat demand and linear heat density

* You only need the location, plot ratio, and energy efficiency standard of building

* Plot ratio suitable to describe new residential developments

Gefordert durch:

ﬁ Bundesministerium
fiir Wirtschaft

und Energie

* Analysis valid for location Potsdam in Germany

aufgrund eines Beschlusses

. des Deutschen Bundestages
* Outlook:

— considering various locations & development of adjustment factors

Thank you for your kind attention! solar@uni-kassel.de
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