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Why is there a need for model-based assessments on commercial areas in the EU?

O .
L1 Societal relevance

Services sectorrepresents 13.4% of
EU final energy use

Energy Efficinecy First principle
Renovation wave strategy

EPBD revision proposal

EED revision proposal

Local relevance

Need foridentifying opportunities
to improve performance of
buildings at neighbourhood scale
Optionsincludebuilding retrofits,
on-site resources, DHC, demand
response, and others

% Scientific relevance

W

Need forreliable models to assist
optimisation of local system design
and operation

Requires detailed description of
spatiotemporal patterns of building
demand and resource availability
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What’s the objective of this case study?

Explore trade-offs and synergies between building retrofits and

Objective L .
energy supply options in commercial areas
= One archetypical commercial area in three EU countries
. = |nspired by real-life buildings and topography
ey

Use of open-source modelling software for analysing system
technology configurations and their cost-effectiveness

characteristics

= Hourly resolution of system operation
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One archetype office park is examinedin all three countries

Conditioned floorarea(m? | %) Gross floor area(m? | %)

#1 o Office 25948 m? | 24.2% 37972 m? | 23%
#2 Lab 11955 m? | 11.2% 19438 m? | 11.8%
#3 o Office 8653 m? | 8.1% 14070 m? | 8.5%
#4 e School 6647 m? | 6.2% 10808 m? | 6.5%
#5 e Canteen 6571 m? | 6.1% 10017 m? | 6.1%
#o o Office 4878 m? | 4.6% 6798 m? | 4.1%
#7 o Office 4876 m? | 45% 6795m? | 4.1%
#8 o Office 4456 m? | 42% 6793 m? | 4.1%
#9 o Office 4855m? | 45% 6767 m? | 4.1%
#10 e Office 4327 m? | 4% 6596 m? | 4%
#11 o Office 4212 m?|39% 6420 m? | 3.9%
#12 o Office 3209 m? | 3% 5870 m? | 3.6%
#13 o Office 3259 m? | 3% 5299 m?|3.2%
#14 e Office 2690 m? | 25% 4375m? | 2.6%
#15 o Office 2655m? | 25% 4317 m?|26%
#16 e Office 2606 m? | 24% 4237m?|26%
#17 e Office 1758 m? | 1.6% 2859 m? | 1.7%
#18 e Office 1060 m? | 1% 1723 m? | 1%
#19 o Office 888 m? | 0.8% 1444 m? | 09%
#20 e Serverroom 844 m? | 0.8% 1373 m? | 0.8%
#21 e Office 839m?|0.8% 1364 m2 | 0.8%

107186 m?| 100%

165337m?| 100%
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We consider buildingsin three climate zones
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The following scenarios are defined

Scenario

=LA

Retrofit measures by building component | U-value
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Windows

L Concrete ceiling with5 cminsulation
DE_Existing
0.51 W/(m?2K)

Concrete panels
1.10 W/(m?2K)

Concrete base with 2cm insulation
0.77 W/(m?2K)

Plastic frame with double glazing
3.00 W/(m?K)

. +12 cm insulation

DE_Standard ,
DE 0.19 W/(m?K)

+12 cm insulation
0.23 W/(m?K)

+8cminsulation
0.28 W/(m?K)

Double glazing, argon filled, low emissivity
1.30 W/(m?K)

+30 cm insulation
DE_Advanced
0.09 W/(m?K)

+24 cm insulation
0.13 W/(m?2K)

+12 cm insulation
0.21 W/(m?2K)

Triple glazing, argonfilled, low emissivity
0.80 W/(m2K)

Source: TABULA building typology
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The City Energy Analyst (CEA) tool is used to model the scenarios

Key features

©2021 The A/S group - ETH Zurich

10
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Input data is compiled from various sources

-'OI
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" Q&A Session o~
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Final energy demand

Results
16,000
13,507 e Building retrofits reduce space
1000 heating demand by -59.2%
12,000 10,181 (DE_Standard) and-72.3%
10,000 (DE_AdVCInCEd)
g 8,000 e Space cooling demand slightly
2 6,000 increases due to internal gains
4,000 Key message
2,000
According to the bottom-up model,
’ DE_Existing DE_Standard S thermal retrofits lead to significant
reductions in final energy demand for
M Electrical appliances M Space heating Sanitary hot water M Space cooling bU|Id|ngs

Final energy demand by end-use in DE [MWh/a]
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District load curve

DE_Existing

» “m”".mml“.".m"‘"."\.'l”ll]h.'llhll!||.|||.hmun.mlimn.i|.iiuiuii.m.ﬂuuJil.ﬂlﬂlm.m.iulmhl.l|.Illlll.'||.||”\|l I ‘H Il !
DE_Standard

. .Illh”“.Ill,hlm.‘ll.mll]".hl.lll]ll.llI.IlLJlIllll.ill.lIlliI'LJii.iiLii'u'ii.iii.iilu'iillJlii.Iii.IlllJ'ii,l'ii.iﬂ.ﬂlliii.ill.iillllulI.II|.IIHll.lll.||l]|ll]||.|||.Ill ||J|I. b

DE_Advanced
100.0

0o .Illlll.]ll.'ll.hl]Il.|||.l|l]|lL]II.lII.|lLJl|.1||.|lLJl|u||.hl.mJinjii.iii.iiljii.iii.iHjii'u'“.iii.H'u‘ii.Iii.im!liii.iii.ii‘umm.m.mm.m.II1Jm]II.|Il.|lll||.hl.||l.lll]
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

B Appliances M Lighting Ventilation M Aux. electricity M Space heating Hot water M Space cooling

Load curve by end-use [MWh/d]
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Results

Peak load on 20 Feb with
outdoor temperature of -4.5°C

Peak load reduced from 138.2
(DE_Existing) to 82.0
(DE_Standard) and 70.9 MWh/d
(DE_Advanced)

Key message

Building retrofits reduce peak
demand and thus the capacities
needed on the supply side

15
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District heating network layout

Results

CEA model computes potential
layout of network with
minimum spanning tree

 trenchlength 0.7-103.5 [m]

DE_Existing

%@ . c ’“’;2 4 » *  mass flow rate 3.3-96.3 [kg/s]
o B S : : J e peak velocity 1.8-2.5 [m/s]
@ s 4 4 ‘ Name: PIPES0 o3
, Sl Key message
AFESTPRILEIESEN? 5 Peak mass flow rate [kg/s]-

s S i w20 o
A7) LEEL I PPIENIH » 34

N—— According to the simulation, a

25

Peak velocity [mis]: 2.3 thermal hyd raUIiC netWOI’k is

¢ ‘ )& Pipe_DN: 40 . . g :
 Argortemiiren e A Type_mat. Tt & technically feasible for all buildings in
7 /éz))//zz/c{_a/é,z/ari A : length_m: 32
" the area

District heating network layout at nominal operating conditions
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Solar generation potentials

Results
25.0
*  Total spaceavailable (roofs) =
24,487 m?(= 156 x 156 m)
20.0
* Solarradiation = 24,263 MWh/a
15.0 e  Technical potential =3,301
< (photovoltaics); 6,469 (solar
2 o0 thermal) MWh/a
Key message
5.0
|i”ll‘ ||“ | l \ J ||\|J| ‘“ Different technically viable solar
0.0 technologies compete for limited
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec . .
roof spacein the neighbourhood
M Solar radiation Photovoltaics M Solar thermal

Technical generation potentials for solar technologies [MWh/h]

17
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Possible supply system configurations

Results
3200 «  Vertically: higher levels of GHG
3000 Verticalinterpretation reduction for same level of cost
2500 *  Horizontally: reduced cost for
2 2000 - same level of GHG reduction
? . * GHG574.6-2,074.7tCO,-eq/a
S 1500 s
1000 Horizontalinterpretation % ® ®..@
500 ® o< Key message

i o o 20 0 50 60 In ea(-:h scenarlo,‘ buildings ca.n be
m EUR00/a supplied by a variety of technically

feasible technology configurations.
® DE_Existing ® DE_Standard @ DE_Advanced

Comparison of Pareto-frontiers for supply configurations [m EURq,0/a vs. tCO,-eq/al

18



Heat dispatch

14.0

12.0

10.0

8.0

[MWh/h]

6.0

4.0

2.0

0.0

11.9 MWh/h

Results

* Baseload covered by biomass

o o
2
0]
o o

CHPs; peaks served by natural

Boiler | Peak | Natural gas gas boilers

B Boiler | Backup | Natural gas
*  Peakthermal load reduces by

-49.5% (DE_Standard) and
-73.4% (DE_Advanced)

B Seasonal storage

6.0 MWh/h B Heat pump | Ground source

B Heat pump | Watersource

Solar | PVT Hybrid

3.2 MWh/h Key message

Solar | Thermal ET

§ CHP | Dry biomass Building retrofits reduce district
= CHP | Wet biomass heating peak load and alter the

88 8888888 8|88 8 8 8 8 s i
SaRIlSE oI EeamR g composition of cos:t—effectlve
DE_Existing DE_Standard DE_Advanced technologles

Dispatch curve for heating plants on 20 Feb 2022

Thermal ET = Evacuated tube solar thermal collector; PVT Hybrid = Photovoltaic-thermal panel 19



Electrical dispatch & load

6.0

Grid imports

4.0

2.0

0.0

[MWh/h]

-2.0

Appliances and other
demand

-4.0 3.5 MWh/h 3.5 MWh/h
4.7 MWh/h -
-6.0
O O O O O O O O O O O O O O O o o o
© O 0 00 06 oo oo o 6 o o o o o
O S 00 N U O O & 0 N O O O 00 N VU O
© O 0 4 4 N O OO0 dd N O6 O O «d d «
DE_Existing DE_Standard DE_Advanced

Dispatch curve for electricity generators and load on 20 Feb 2022

Appliances and other demand
Aux. electricity | Other supply
Aux. electricity | Network pumps
Aux. electricity | Solar

Heat pump | Ground source
Heat pump | Water source

Grid imports

Generation | PV

Generation | Biomass
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Results

Peak electrical load reduces by
-25.7% in DE_Standard and
DE_Advanced

Stable load for appliances
(2.6 MWh/h)

Var. load for DH network pumps
(0.22-0.08 MWh/h)

Key message

Building retrofits do not only reduce
thermal load in district heating
networks, but also electrical load

20



Installed capacities

co
;@E Economic analysis | Basic performance indicators

(i)

(ii)
(iii)

Net present value (NPV) | NPV = —L ¢ * + (Bgeen, — Bexist)

l
1-(14+n)™"
Discounted payback period (DPB): NPV(n) =0

Internal rate of return (IRR): NPV(i) =0

enefirst.

Results

. Heat generation capacity
reduces by 37.5% (DE_Standard)
and 48.4% (DE_Advanced)

*  Onsitenatural gas boilers
significant technology in
DE_Advanced (3.5 MW)

DE_Standard not cost-effective

Key message

An advanced building retrofit is the
most cost-effective option for
meeting local energy demand while
reaching equivalent GHG reductions

21
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Three reasons why the results should be interpreted with caution
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Key findings
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Model-based assessment of
Principle for the European buili

a
C P
0 QEECP [

Mrraomboter b B @ Efficiency First and Multiple Im

integrating two concepts for decisit
in the EU energy system

;m PIEECP ~  Model-based case studies for assessing the
5% 3 E1st principle
% Fraunhofer W4 rar Lol .
JIEECP o
opie @ e
2 Fraunhofer W4 rar o
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D3.3 | Isthereneed for the
Energy Efficiency First principle in
the European building sector and
its energy supply?

D3.4 | What's the role of Multiple
Impacts inimplementing the
Energy Efficiency First principle?

D3.5 | How does the Energy
Efficiency First principle performin
a local context?

25
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Q&A Session




