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Motivation

▪ Transition towards decarbonization leads to increased electrification 
and thus electricity demands. Strengthening electrical grids may 
necessitate large investments.

▪ Factors contributing to higher grid loads in urban areas:
▪ Electrification: heating, mobility
▪ Large installed capacities of PV systems on rooftops causing grid 

congestion during peak generation.

▪ Large uncertainties exist regarding the different development factors 
(share of electrical heating, e-mobility, …)

▪ On a local level the situation might differ significantly from one 
neighborhood to another

Factors contributing to grid load: Scenarios for Berlin

2023

284 MWp 
Photovoltaics

105 kWh/m2a 
0,6% refurbish-
ment rate

32% district 
heating

4% electric 
heating 
(decentral)

0,3% BEV

2 MW 
peak load

2045

4,4 – 13,9 GWp 
Photovoltaics

?? kWh/m2a 
0,8 – 2,8% (?) 
refurbishment rate

49% district 
heating

80 - 95% electric 
heating (decentral)

40 - 95% BEV

?? MW 
peak load

→ Grid loads will increase. But how much? 
Can we estimate what the situation will be on a 
local level ?



3
© Fraunhofer ISE
FHK-SK: ISE-INTERNAL 

Methods
Overview

residual load calculation for neighborhoods

electrical 
appliances

electrical heat 
generation 

e-mobility

Electrical loadprofiles for each neighborhood

+ + PV generation–

building 
data

historical 
energy 
demands

load 
profiles 
by user 
types

Building 
stock 
data

energy 
scenario 
studies

Statistical 
data

Climate 
data

energy 
atlas

E-mobility share

Heat-load 
profiles

Decentrally 
supplied 
demands

PV potential 
(separated by 
orientation and 
tilt)

PV potential 
separated by 
market 
segment

Generation 
profiles per 
neighborhood

retrofit state

building age
building type

MIT 
demand/person

Persons/building

retrofit rate

new 
construction

DH areas

Heating degree 
hours

Share of HP

COP profile

new 
construction

SLP residential / 
commercial

Charging 
profiles for 
different users

building type

Generation 
profiles for 
different 
orientation and 
tilt

SLP residential / 
commercial

GDP growth

new 
construction

annual demands 2045

building type

approximated annual demands 2023 per building

annual demands 2023 seperated by user type 
(residential, public, commercial)

demands 
2018-2022

demands 
2018-2022

Data sources

DH: district heating
MIT: motorized individual transport
SLP: standard load profile
HP: heatpump
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Abbreviations

▪ Systematic bottom-up approach for load estimation (Python-toolchain)
on neighborhood level

▪ Open-Source Data sources: geoinformation data on building level / 
neighboorhod level / city level 

▪ Steps:

1. Estimate annual demands and solar generation potential for 
each building based on municipal building data, statistical data 
and other parameters

2. Aggregate demands and generation for each neighborhood
3. Project annual demands to target year (scenario creation)
4. Calculate load profiles for each neighborhood (use generation 

profiles for PV expansion scenario to calculate residual loads)
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1.

2.

3.

4.

demand generation

Data levels
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Method 1/4
Estimate demands and generation for each building

electrical appliances electrical heat generation e-mobility PV generation

Floor 

space

Building 

usage

Specific demands 

(kWh/m2a)

Annual demands per 

building

Municipal 

geoinformation 

Usable floor 

space

Building 

type

No. of persons 

per building
…

Building 

age

Floor space
Building 

usage

Specific 

demands 

(kWh/m2a)

Annual demands per 

building (roomheat + DHW) 

for different refurbishment 

states

Building 

age

Mobility 

demand 

per person

Persons per 

building

Building usage

Individual motorized mobility 

demand per building

Roofs allocated to building

PV potential area 

and orientation 
per roof

Categorized PV potentials 

per building (Flat/tilted roof, 

N-S-E-W orientation, </> 

45° tilt)

Data sources: geoinformation data [1-4], specific energy demands [5-

11], Mobility demand per person [21]

DHW: domestic hot water



6
© Fraunhofer ISE
FHK-SK: ISE-INTERNAL 

Method 2/4
Aggregate to neighborhood level

electrical appliances electrical heat generation e-mobility PV generation

Estimated demands are validated and assumptions tuned on city level  

Annual demands per 

building

Building usage

Annual demands in 

neighboorhood per building 

usage

Statistical data on 

refurbishment states

Building 

usage

Data sources: data on refurbishment states [13], specific energy demands BEV [24]

Annual demands in 

neighboorhood per building 

usage 

Annual 

demands

Building 

usage

Annual 

demands

Share of electric vehicles

Specific demands BEV 

(kWh/100km)

Annual demands in 

neighboorhood per building 

usage 

1300

3400

2700

3800

200

200 800 public buildings

commercial
buildings
SFH

MFH

other buildings

balconies

carports

Building usagePV 

potential

per 

building

PV potentials per market 

segment in neighboorhoods

PV potential 

e.g. carports

MWp for Berlin in total

BEV: Battery electric vehicle
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Method 3/4
Project annual demands on neighborhood level – scenario creation

electrical appliances electrical heat generation e-mobility PV generation

Data sources: energy scenario studies [14 -16], share of district heating [1]
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Method 4/4
Calculate load profiles on neighborhood level

electrical appliances electrical heat generation e-mobility PV generation

Annual demands 2045 per 

building usage

Load profiles per scenario on 

neighborhood level

Data sources: standard load profiles [17 – 20], EV charging profiles based on [21,22]SLP: Standard load profile

SLP
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Method 4/4
Calculate load profiles on neighborhood level

electrical appliances electrical heat generation e-mobility PV generation

Annual demands 2045 per 
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Load profiles per scenario on 

neighborhood level

Data sources: standard load profiles [17 – 20], EV charging profiles based on [21,22]SLP: Standard load profile

SLP

0

0,2

0,4

0,6

0,8

1

1,2

0 2 4 6 8 10121416182022Ex
. 

re
si

d
e
n

ti
a
l 

p
ro

if
le

 i
n
 

kW

min max avg

Annual demands 2045 per 

building usage

Load profiles per scenario on 

neighborhood level

SLP

Share of HP COP profile

HP: heatpump, COP: coefficient of performance

0

2

4

6

8

10

0 2 4 6 8 10121416182022

Ex
. 

co
m

m
e
rc

ia
l 

h
ea

t 
p
ro

fi
le

 i
n
 K

W

min max avg

0

0,02

0,04

0,06

0,08

0,1

0,12

0 2 4 6 8 10121416182022

Ex
. 

ch
ar

g
in

g
 p

ro
fi
le

s 

residential commercial

Load profiles per scenario on 

neighborhood level

Annual demands 2045 per 

building usage

Assumed charging profiles

PV capacity 2045 per 

orientation categories

Generation profiles for 

orientation categories 

Generation profiles per 

scenario on neighborhood 

level

0

0,2

0,4

1 4 7 10 13 16 19 22

Ex
. 

G
en

er
at

io
n
 

p
ro

fi
le

s 
 …

40° tilt, East 40° tilt, South
40° tilt, West Flat roof

+ + –



10
© Fraunhofer ISE
FHK-SK: ISE-INTERNAL 

Ex. suburban area: 13,9 GW target, 

demand scenario HD, battery storages not considered

summer

Results 1/2
Ex. central urban area: 13,9 GW target, 

demand scenario HD, battery storages not considered

winter

wintersummer

▪ In suburban areas using a high share of the available PV-potential can 

lead to high loads in peak generation times in summer

(see upper example figures)

▪ In central urban areas peak loads are caused by increasing electricity 

demands, load peaks occur in winter

(see lower example figures)
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Results 2/2

▪ Demand peak loads are likely to increase over-

proportionally to annual demands (2,9 – 3,6 vs. 1,6 – 2,2 in 

Berlin case study)

▪ Large differences can be observed on a local level 

▪ PV expansion should be incentivized especially in central areas 

and grid-friendly battery storage mitigating peak loads are 

recommended (in the different scenarios load peaks could be 

reduced by 10 – 50% using day-night storages), however 

curtailment might not be avoidable

Increase of effective peak loads in the year 2045
13,9 GW expansion target, HD, no storages Increase:

2045 demand

2023 demand

Central urban area: 

Increase of 2x compared 
to todays peak load due to 
increasing demands

Suburban area: 

Increase of 10x compared to 
todays peak load due to PV 
generation

Conclusion

The presented systematic approach using openly 
available geo-data allows conducting 
standardized studies with low effort under 
consideration of the local settlement characteristics!
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