Z
= N

Research Centre on

ZERO EMISSION
NEIGHBOURHOODS

vewerems - NEIGHBOURHOOD BUILDING
STOCK MODEL FOR LONG-TERM
DYNAMIC ANALYSES OF ENERGY
DEMAND AND GHG EMISSIONS

General model description and case studies

ZEN REPORT No. 271 2018

Jan Sandstad Neess, Nina Holck Sandberg, Natasa Nord, Magnus Inderberg Vestrum, Carine
Lausselet, Aleksandra Woszczek, @ystein Rgnneseth and Helge Brattebg | NTNU / SINTEF



ZEN REPORT No. 2 ZEN Research Centre 2018

Acknowledgements

This report has been written within the Research Centre on Zero Emission Neighbourhoods in Smart
Cities (FME ZEN). The authors gratefully acknowledge the support from the Research Council of
Norway, the municipalities of Oslo, Bergen, Trondheim, Bodg, Baerum, Elverum and Steinkjer, Sar-
Trgndelag county, Norwegian Directorate for Public Construction and Property Management,
Norwegian Water Resources and Energy Directorate, Norwegian Building Authority, ByBo, Elverum
Tomteselskap, TOBB, Snghetta, AF Engineering AS , Asplan Viak, Multiconsult, Sweco, Civitas,
FutureBuilt, Hunton, Moelven, Norcem, Skanska, GK, Caverion, Nord-Trgndelag Elektrisitetsverk -
Energi, Numascale, Smart Grid Services Cluster, Statkraft Varme, Energy Norway and Norsk
Fjernvarme.

Research Centre on

ZERO EMISSION
NEIGHBOURHOODS
IN SMART CITIES

ZEN Report No. 2

Jan Sandstad Neess?, Nina Holck Sandberg?, Natasa Nord?, Magnus Inderberg Vestrum?,

Carine Lausselet?, Aleksandra Woszczek", @ystein Rgnneseth? and Helge Brattebg?

INTNU, Energy and Process Engineering | www.ntnu.no/ept

2SINTEF Building and Infrastructure | www.sintef.no

Neighbourhood building stock model for long-term dynamic analyses of energy demand and
GHG emissions. General model description and case studies

Keywords: Building stock modelling, energy analysis, greenhouse-gas emission analysis,
neighbourhood building stock, dynamic modelling, scenario analysis, stock dynamics, neighbourhood
energy storage

ISBN 978-82-536-1569-1

Norwegian University of Science and Technology (NTNU) | www.ntnu.no

SINTEF Building and Infrastructure | www.sintef.no

https://fmezen.no




ZEN REPORT No. 2 ZEN Research Centre 2018

Abstract

How should sustainable neighbourhoods be designed to reduce greegdwesessions teardszero?

What kind of information does decision makers need to make solid future plans on the neighbourhood

l evel 2 A detailed understanding of a building si
underlying premise for relblelong-termbuilding stock energy analyse®n the neighbourhood level,

the building stock can be studiedlarge detail. Interactions between buildings and the local energy

system can banalysedconsidering energy need, supplgcal generation antbcal storage Hourly

resolution is neededo estimate peak heat and electricity loads in the neighbourhood. Further,
greenhousg@as GHG) emissions resulting from the energy use in the buildings in the neididnm

can beestimated by use @firbon intasitesfor the various energy carriers used in the neighbourhood.

This report isdeliverable D1.2.2 and part of FME ZEN Work Package 1 Analytic framework for
design and planning of zero emission neighbourhoods (ZEN). The goal for WP 1 is to develop
definitions, targets and benchmarking for ZEN, based on customized indicators and quantitative and
gualitative data. Additionally, life cycle assessment methodology for energy and emissions at
neighbourhood scale will be developed, as well as a citieatral architectural and urban toolbox for
design and planning of ZEN.

A dynamic building stock moddlas been developed fenergy and GHGemission scenario analyses

of neighbourhoodsThe model isgeneric andlexible and can be used to model any neighboodh

where buildingstock datas available It makes use @& description of the current stock, as welpss

for construction, demolition and renovatiaativitiesin the neighbourhoodlf plans are not available,

the model magimulate stock activitieby use of probability distributiong.he neighbourhood building

stock is segmented by use ofletypes definedy t h e bge,irdna/ationgtaté and floor area
classesExamples are grouping the two floor area types single family houses (SFtéyraced houses

(TH) together into a detached dwellings floor area class or grouping primary schools and secondary
schools into a floor area cheawdsmandis estineattd usisgc h o o |
delivered energy intensity profiles givéor different archetypes of buildings or empirical data. Any
number of different energy carriers and purposes can be defined and monthly or yearlgicasbimm
intensities can be given for each individual carrier. This serves as a basis to estintateniootinly or

yearly delivered energy and GHEBnissions fom givenneighbourhoodinder study

Two cases are analydin this report: i)a hypothetical case of an imaginary neighbourhood consisting
of apartment block (AB) and SFH dwellingand ii) the Glgshaugerncampus of the Norwegian
University of Science and Technology (NTNU). Glgshaugen campus is a neighbativéiduaks a high
complexity of floor aredaypes and usag&he purpose of the two very different case studies is not to
provide reliable cse studies at present, butdemonstratdhow the model is capable dbngterm
analyses of both homogenous and compleighbourhood@ order to offer detailed understanding of
possible futurdnourly energy use and GH&nissions.

For the hypotheticalase, the modalescribes howhe energyefficiency of the stockmprovesover
time due to renovatioanddemolition of older buildings and constructionradw buildings with low
energy needlThe baseline scenario estimatathualdelivered energy decreafem 150 kWh/n per
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year at present to 90 kWhirper year in2070. Estimated GHG emissions decrease by 46% from

37 kton CQ-eqg/year at present day to aboutkb@n CQ-eqg/year in 2070Additionally, an advanced
renovation scenari@ssuming that buildingseing renovated have a higher probability of reaching better
energy standardshows that the estimated annual delivered energy and &hi&sions will decrease

faster in this scenario than the baseline scerastimated annual delivered energy is 2% lome&025,

4% lower in 2030 and 7% lower in 2040 in the advanced renovation scenario than in the baseline
scenariolLooking at aggregated GH@&missions for the whole period, an estimated reduction of 8%
from present day to 2070 compared to the baselineagoes observed. Annu@HG emissiorgains
compared to the baseline scenario are pealinognd 2050 with 12% annual reduction of GHG
emissions before natural renovation in the baseline scenario starts to catch up with the advanced
renovation scenarid.his is due to the fact that buildings in the baseline scenario go through renovation
for the second time and reaches the third renovation state between 2050 and 2070. Constant monthly
carbon intensities per energy carrier are assumed in the analysisjsblitaty that future monthly

carbon intensities will change over the years of the period. A decrease in carbon intensities would lead
to a further decrease in annual emissions over time.

The neighbourhood building stock at NTNU camg@lgshaugen fsa highly complex composition

with 46 existing buildings (in total 300 00¢ imeated floor area) providing a large variety of functions
related to education and researtfi different floor area typemeidentified anddistributedto 7 floor

area classe3he planneddture expansion of the campus is represented thrmangiruction 020000

m? heated floor area before 2030. Average delivered energy intensity profiles per floor areseclass
modelled based on empirical data by using the simulation@@oICE. The simulated profiles are used

as energy model inputhere is only one available energy profile per floor area class, regardless of the
construction year and renovation state. Hence, the model is not able to estimate reductions in energy
demanddue to energefficiency of the stock through renovation and demolitibexisting inefficient
buildings or construction of new enekgificient buildings.Carbon intensities are estimated monthly

for district heating and grid electricity. Hourly and mtagtpeak loads, delivered energy and GHG
emissionsare estimated for the whole neighbourhood at present year. The estimateteriong
developmentn delivered energy and GH@missions for Glgshaugen follows the stock development
closely. This shows the wie@ess of using average profildmt do not reflect the differences in energy
efficiency state for buildings that are constructed in different periods or in differemtation states. A
more detailed database of delivered energy intensity profiles dedde create morereliable long

term analysis taking into account stock activities and changes in the building stock characteristics.

By changing different input parameters in the building stock, energy and-éti€3ion model
different scenarios ofiture pathways can sudied Variouspossibleenergyefficiencymeasures can
be analged and compared with each other. This flexibility is a strength of the nagdeimakes
analysing complex neighbourhoods possible.

The model allows for creating roaaps that decision makers can use when planning future development
of neighbourhoosl with building stocks and energypplysystems. The hourly time resolution makes

it useful for electricity and district heating compamesen planning future grid capagiheed The

ability of the model to estimate and compare kemgn changes in neighbourhood GH@Gissions
between scenarios makes it useful for decision makers aiming for future emission reductions.
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Abbreviations

AB 1 Apartment block
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GWP100i Global warming potential over a 1:@@ar time interval
HPT Heat pump

MFH i Multi family house
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PV Photovoltaics

SFH1 Single family house

WPT Work package

ZENT FME Research Centre on Zero Emission Nealrhoods in Smart Cities

Variables and parameters
A1 Heated floor area

al Average heated floor area
B i Building stock
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z1 Floor area class
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1. Introduction

The building sector represents 40% of the total final energy consumption and can make a crucial
contributionto GHG emission mitigatio(Buildings Performance Institute Europe, 20119 be able to

utilize possible energy demand reduction and GHG emission mitigation potentials, detailed knowledge
about thebuilding stock system is needed, from the national or international level, to neighbourhood
building stocks and individual buildings.

The energy use in national and urban building stocks has been studied in a range of publications (e.g.
Buildings Performance Institute Europe (2011)rge-Vorsatz et al. (2012Berardi (2017)Choudhary

(2012) Cuerda et al. (201, Heeren et al. (2013pandberg et al. (2017 Furthermore, significant effort

has taken place to analyse the potential energy savings in indibidlgihgs, e.g. through the Research
Centre on Zero Emission Buildings (ZEBWWw.zeb.nd. In between the level of the individual
buildings and the aggregated urban or national building stocks lies the neighbourhooAtlévsl.

level, it is possible to analyse the building stock in large detail, but at the same time to take into
consideration interaction between buildings located nearby each other and local solutions for energy
generation and storage. This is the backgd for the Research Centre on Zero Emission
Neighbourhoods (ZEN)vww.zenresearchcentre.chrwhich started in 2017 and builds on the research
activities carried out in ZEB.

How should the sustainable negpurhoods of the future be designed, built, transformed and managed
to reduce their greenhouse gas emissions towards zero? What kind of information do the various
decisionmakers need, and how can we best provide and tailor this information by use of a
neighbourhood dwelling stock energy model?

Previous studiessuch assandberg et al. (201@8ndSandberg et al. (201,Mas shown the need for a
detailed understanding of the present building stocktahohgterm evolution when performing energy
analysis of a stock at the natiofalel. Neess (2017)sed the same methodology to study the dwelling
stock and perform engy analysis for the municipality of Trondheim. The stock composition in
Trondheim was found teary strongly betweedifferent subareas of the citgndhence suggesthat a
detailedbottomup approach might be suitable for modelling a neighbourhood.

Sandberg et al. (2016, 201ahdNaess (201 7¢stimated thegarly energy demand by use of average
yearly energy demand intensities. On a neighbourhood level, it is important to estimate the hourly energy
demand to find the peak loathd hence the required capacity of the .gfigrthermore, to complete the
analysis service buildings should be included, in addition to residential buildings. Finally, estimation

of GHG emissions resulting from energy use should be estimated to be able to evaluate the impacts of
the energy use in the neighbourhood.

The Research Centom Zero Emission Neighbourhoods in Smart Cities (FME ZEN) will enable the

transition to a low carbon society by developing sustainable neighbourhoods with zero greenhouse gas
(GHG) emissions. The Centre will speed up decarbonisation of the building ex@ting and new),

11
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use more renewable energy sources and create positive synergies among the building stock, energy,
ICT and mobility systems, and citizens.
The main objective of thEME ZEN is:

- Developing competitive products and solutions that will leadealization of sustainable
neighbourhoods that have zero emissions of greenhouse gases related to their production,
operation and transformation.

Which leads to the main research questiothe research centre

- How should the sustainable neighbourhoofishe future be designed, built, transformed and
managed to reduce their greenhouse gas emissions towards zero?

Work package 1 (WP1) among others has the more detailed research question

- What kind of information do decision makers at all levels needhaendcan we produce and
customize this information?

Within the context of th&EME ZENWP1, a dynamic neighbourhood building stock energy model has

been developed. The model studies the devel opmer
size and comosition of building typologies as well as the energhated features of the individual

buildings and on the neighbourhood level. The model is generic and can be applied to any
neighbourhood. In this report, the principles of the model are describetgily aled it is applied to two

case studies for exemplification; hypothetical case and the Norwegian University of Science and
Technol ogy6s GlddHadgen. campus

12
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2. Methodology

2.1 The neighbourhood building stock model

2.1.1 Model fundamentals
The neighbourbod building stock model describes the ldagn dynamic development in a

nei ghbour hood &sandkthe icdnstructiog, reaavatian kand demolition activities in the
system. The model is based on the principles of material flow anéysisner & Rechberger, 2004)
A conceptual outline of the model is givenFigurel.

The model uses a detailed description of the initial stock at the starting year of sinB{gjitogether
with given or assumed plans fluture constructiorBrew. DemolitionBgemandrenovationByen are either
estimated by use of plans or simulated based on input probability distributibrisdascription of the
equations used in the stock model is giveAppendix A.1.

The building stock is segmented into different archetypesdbas construction perisdcohort)c, floor

area classes renovation states For each year in the given modelling period, the model calculates the
heated floor ared for the given archetypes. Buildings can move from one archetype to another over
time, as they are renovatedcording to plans or simulation.

Renovation of a building can take pl Hacoustypes!| ti pl e
of renovation activities occur at different intervals. When simulating renovation activitysd of

probability functions in the model, the renovation cyBlerepresents the average time between
renovation ofa giventype. How renovation activity is defined and what the corresponding length of the
renovation cycle should be is cesgecific. Fo instance, the 2@ear cycle could be applied for
replacement of appliances (e.g. boilers), thg&&r cycle for replacement of construction elements such

as windows or roofs and the-4@ar cycle for deep renovation of facadgar{dberg et al., 2014)

The energy profile of a given building can change when a building is renoVagednodel allows up

to three different renovation statese used foa given renovation cycle feach buildingThe energy
efficiency state of a given building is dependent on its archeWaeants can be given for different
archetypesand represents smaller measures such as instalment of heat puncthanging user
equipmentThe 20year and 3&ear cycles carof instance be represented in the model as a change in
variant for a given building.

The bottom level of the model are the utdtsEach building consists of one or several units. A unit can
typically represent for instance a dwelling, an office or a@np store. Each unit object belongs to a
building b, cohortc, renovation state, variantv and a floor area typg. The cohort is defined by
construction period-urthermore, each floor area type belongs to a floor areazthasrepresents a
group d floor area types with similar functionality and energy use through the year. These model levels
are given as arrays as showrkigure2.

13
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B (t) Residential
buildings
Construction Demolition
Brew(t) Bers (1)
_— S —

Service
buildings

k) Renovation

Bren (t)

Figure 1: Conceptual outline of the dynamic neighbourhood building stock model.

B: Building stock

Buildings array: [o:]ofe-Jo- ] foi]b]
Floor area class array: lz]z]z]z=] |||
Floor area type array: Py vy Jve | Qo] ]
Units array: u o uu us u

Cohorts array: Tl
Renovation state array:

Figure 2: The different levels of the building stock model.

Buildings inastock that have only one floor area type are defined as simple buildings, while buildings
that have several floor area types are defined as complex buildings, as shogurer3. An example

of a simple building is a single family dwellingshere the whole building is represented by the class
isi ngl e f .aAmiexample bfawanpléx building can be a university building consisting of
different user defined flacarea types like offices, hallways, auditoriums, shops and resturants. Similar
floor area types are grouped together into floor area classes. This is done to allow for floor area types of
similar functionality and energy use characteristics to be modeltgether by using the same hourly
profiles fordelivered energy. The model allows for empiricakimulateddelivered energy profiles to

be used.

14
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Building 1
Floor area type 1

Floor area type 2 |.

Floor area type 3

Floor area type 4
Class 1
Floor areatype 5 |
T €1y 3y ver Cn
Floor areatype 6 || ©

Floor area type 7

Building 2

Floor area type 1

Floor area type 2 WAV Class 2

Floor area type 4 e b ) €1, Cyy vr Cy

Floor area type 6

Floor area type 8 |

Floor area type 9

Building i C1, Cop vy Cy
Floor area type 1

Floor area type 2 |

Floor area type 3

Floor area type 4

Floor area type 8
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Figure 3: General example of the model structure for complex buildings.

2.1.2 Simulation of system activities

The model uses yearly time steps and calculates the state of the neighbourhood building stock for each
year in the modelling period. If there are no events scheduled to happen, the system state is equal to the
state of the mvious year. If events are scheduled, e.g. construction, renovation or dentbigioodel
calculates a new system state for the given year. Changes in the system are tracked over time.

Specific plans for renovation and/or demolition camppliedin the model. If specific plans are not
available, renovation and/or demolition can be simulated. This happens by generating random stochastic
numbers in Matlab and using cumulative probability distributions. Starting with the initial state of the
stock given at the first year of the modelling period, discretent simulation is used to simulate later
changes in the system.
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Normal probability distributions are assumed when simulating renovation activity. Distribution
parameters standard deviatibrand meanp are given as inputger floor area classand events are
simulated accordingly. For complex buildings, the model assumes that the floor area class with the
largest share of the heated floor area is the major. @asscorresponding input parametare used

during the simulation.

Demolition activities can be simulated in a corresponding way. The model allows for either a normal
distribution or a Weibull distribution. The demolition probability distributionsspecifiedfor each of

the two categries residential floor area classes and service building floor area classes. If a normal
distribution is chosem and( s given in input, but if a Weibull distribution is given the average lifetime,
period of years without demolition, scale parametea and shape parametbrneeds to be input.
Literature suggests to use the Weibull distribution when simulating building demd&ardberg,
Sartori, & Brattebg, 2014Bohne et al. (2008stimated the average lifetime of Norwegian dwellings

to be 126 years. It is, however, likely that the average lifetime of service buildings is different from
residential buildings and this input parameter should be considered carefully before runuiatiasim
involving service buildingsSensitivity analyses could also be included to evaluate the importance of
the uncertainty in this parameter.

It is worth noting that thetochasticimulation offuturesystem activitiegnew construction, renovation
and demolitionworks best when the number of buildings in stodlelativelylarge. When analysing a
small neighbourhoodsystem with a low number of buildings it$ stock, it is recommended to give
future system activities as input manuabligher tharby stochastic simulations

2.2 Energy modelling of a neighbourhood

2.2.1 Model fundamentals

The dynamic neighbourhood stock model described in chapter 2.1 provides a solid foundation for
detailediong-term energy analysis for a given neighbourhood buildingk. All energy carriers in the
system are defines modeinput, as shown in the exampleTrablel. The user can define the numbers

of carriers andhe energy uspurposesA purpose can for instance be electricity specified for lighting

or electricity specified for heatinghe share of delivered energy that is electrigitingto appliances

is given adJ.

Hourly load profiles can be given on the archetigpel as energy intensity profiles or as empirical
energy profiles on the building level. The delivered energy for all energy carriers is aggregated for each
year in the model period based on the state of the system. Furthermore, boildiegghbourhood

specific hourly energy generation profiles and parameters for energy storage can be included in the
analysis. Finally, thenodel estimates thaggregated load profiles for delivered energy to the whole
neighbourhood. The energy model for a general neigtlood ispresentedn Figure4 andFigureb.

A full description of equationssed in the energy modelgs/en in Appendix A.2.
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Table 1: Example of an energy carrierbds database giv

Text used in energy profile input Share used
ID MName column (E.G. IDA ICE) Comment Is electricity  for heating
= [string] [string] [string] {o,1} [o-1]
1 CHP Electricity CHP electricity, W IDAICE 1 1]
2 DH cooling District cooling, W IDA ICE 0 1
3 DH heating District heating, W IDA ICE 0 1
4 DHW Domestic hot water, W IDA ICE o 1
5 EL cooling Electric cooling, W IDA ICE 1 1
6 EL heating Electric heating, W IDA ICE 1 1
7 EL equipment, tenant Equipment, tenant, W IDA ICE 1 1
8 EL equipment, facility Equipment, facility, W IDA ICE 1 1
9 Fuel cooling Fuel cooling, W IDA ICE 0 0
10 Fuel heating Fuel heating, W IDA ICE 0 0
11 Heating, temant Heating, tenamt, W IDA ICE ] 0
12 HVAC aux HVAC aux, W IDA ICE 1 1
13 EL, lighting tenant Lighting, tenant, W IDA ICE 1 1
14 EL, lighting facility  Lighting, facility, W IDA ICE 1 1
15 PV production PV production, W IDA ICE 1 0
16 Wind turbine producti Wind turbine production, W IDA ICE 1 0
17 EL, Equipment Equipment, W IDA ICE, Nesgard & Ngo 1 0
18 EL, Lighting Lighting, W IDA ICE, Nesgard & Ngo 1 0
19 Heating Local heating units, W IDA ICE, Nesgard & Ngo 0 1
20 DH cold District heat_cold, W IDA ICE, Nesgérd & Ngo 0 1
Neighbourhood n
Renovation B,,,
N
|
Construction Stock of buildings B divided into archetypes « Demolition
Brow Archetypes defined by Archetype characteristics Byem

¢: cohort u: # units per building

a: average heated floor area per unit
E: energy demand

L: load profiles

i i
i r: renovation state i
i E,: building-integrated energy generation E

z: floor area class

system
E,,: building-integrated energy storage system

Neighbourhood characteristics

D: Floor area density

ES: Energy system

£, : Neighbourhood energy generation system

E

S,

s : Neighbourhood energy storage system

Figure 4: System description of the neighbourhood model.
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:
1
' On-site energy Residential
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1
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«  Electricity
*  Heat

Service
buildings

Figure 5: Conceptual outline of the energy model.

2.2.2 Coincidental analyses

When aggregating the same archetype delivered energy intensity profiles for a number of bitildings

is likely that the model will overestimate the power peaks in the neighbourhood. This is because the
actual peaks of individual buildingse unlikely tohappen during the same hour. For energy planning
purposes, it is important to estimate the reakpgeads Coincidental analysesan be usetb estimate

the actual power peak of the neighbourhood. Coincidence factors below 1.0 indicate that the individual
peakloadsdoesnot appear simultaneously across the buildings. An example of two hourly delivere
energy profiles that do not have peak loads in the same hour is gitdgune6 (Nord, 2014) The
corresponding power peaks are giveriPasax P2, maxand the total of the twBimax Further equations
describing the coincidence factor is given in Appendix A.4.
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Figure 6: Example of hourly delivered energy curves R and P, and the total delivered energy
Piwotmax (Nord, 2014)

2.3 Modelling of greenhouse gas emissions
Greenhouse gas emissidasire estimated based on theputs from the energy model and input time

series for carbon intensitiés The model allows for carbon intensities changing over time and given
eitherper year or per month for each energy carrier. Equations used in the@id8on analysesre
presentd in Appendix A.3.

EstimatedGHG emissionger energycarrier e are calculated hourly, monthly and yearly for the
complete modelling period. Results are also differentiated into archetypes for each time step. This allows
for tracking emissions for different stock segments over time and comparing different measures
targeting specific archetypes.

2.4 Case description: Hypothetical case
A hypothetical case was created to test the model. Selected building typologies from the EPISCOPE

project described iBrattebg et al. (2016nd shown irFigure 7 are used to divide the stock. The
typologies are definetly dwelling type and construction period. For each typology, three renovation
states are describeariginal state, standard renovation and advanced renovation
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Region Construction Additional
Year Class Classification Single-Family Multi-Family Apartment Block
House House
|

National
1 (not region ... 1955 generic
specific)

NO.N.AB.01.Gen

National
(not region 1956 ... 1970 generic
specific)

NO.N.SFH.02.Gen NO.N.TH.02.Gen

National
(not region 1971... 1980 generic
specific)

LN

NO.N.AB.03.Gen

NO.N.SFH.03.Gen

National

(not region 1981 ... 1990 generic
specific)

NO.N.SFH.04.Gen NO.N.TH.04.Gen NO.N.AB.04.Gen

National
(not region 1991 ... 2000 generic Z
SpeCiﬁC) m

NO.N.SFH.05.Gen NO.N.TH.05.Gen NO.N.AB.05.Gen

National
(not region 2001... 2010 generic
specific)

National
(not region 2011 ... generic
specific)

NO.N.SFH.07.Gen NO.N.TH.07.Gen l\]O.N.AB.07.Gen

Figure 7: Typology matrix for the Norwegian building stock in the Episcope/Tabula project
(Brattebg et al., 2016)

Stock, energy and GHG emission intensity input parameterd assumptionare described in the
following subchapters.
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2.4.1Stock input

Construction periods are assigned to cohorts in accordance with the typology matrix from

Table2.

Table 2: Definition of cohorts for the hypothetical case.

Cohort From
ID Year
[#] [year]
0

1801

1956

1971

1981

1991

2001

2011

2021

0o NO Ol W DN PP O

To Year

[year]
1800

1955
1970
1980
1990
2000
2010
2020
2070

ZEN Research Centre

2018

Based on this a building stock consisting of ABIYLand SFHO03 has been modelled in the hypothetical
case as simulated hourly energy profiles are available for these segments of thel' bassumed
construction of dwellings in the neighbourhood stock of the hypothetical case is degtiiladdk 3.

For each given construction period the input buiidiare distributed equally to each year in the period.

Average heated floor area per unit corresponds with the national average for the given construction

period found irBrattebg et al(2016)

Table 3: Building stock input details.

Construction
period
[years]

19461955
19561970
19711980
19711980
19811990
19912000
20012010
20112020
20212070

Cohort = Building
floor area
type
01 AB
02 AB
03 AB
03 SFH
04 AB
05 AB
06 AB
07 AB
08 AB

Number of
buildings

100
100
100

3000

100
100
100
100
250

Number of
units per
building

30
30
30
1
30
30
30
30
30

56
53
61
144
64
58
60
68
68

Average heated Average heated
floor area per
unit [m?]

floor area per
building [m?]

1680
1590
1830
144
1920
1740
1800
2040
2040

The stock idistributedinto two floor area types as shownTiable4 and two floor area classes with

corresponding renovation normal distribution parameters as gaele5.
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Table 4. Distribution of f loor area typesto floor area classes irthe hypothetical case.

Floor area type

Floor areatype ID = Floor area typename Belongs to Class?

[#] [string] [string]
1 Single Family House Detached dwellings
2 Multi Family House = Compact dwellings

Table 5: Specification of thefloor area classespplied in the hypothetical case.

Floor area class Renovation,
distribution
parameters
Normal dist.

Class ID Class name Number of Residential or Mu Sigma
subvariants service Class?
given
[#] [string] [#] {Residential, [#] [#]
Service}
1 Detached dwellings 1 Residential 40 10
2 Compact dwellings 1 Residential 40 10

Three renovation states describing the energy standard of buildings are assumed per cohort. It has been
assumed that all buildings are in state 1 at initial time. The combinations of cohorts, renovation states
and floor area classes gi\27 archetypes. Energfficiency measures are only accounted for during

major renovations, and hence all archetypes consist of only one variant.

Demolition is simulated for the hypothetical case using Weibull distributidthsthe parametergiven
in Table®6.

Table 6: Input Weibull distribution parameters for the hypothetical case.

Distribution Weibull
Average Period of years Scale Shape
lifetime = without demolition = parameter a parameter b
[year] [year] [#] [#]
Residential 125 40 920 1.2
buildings
Service 125 40 90 1.2
buildings

Two scenariogredefined forrenovation activity in the hypothetical cag@r the baseline scenario, it

is assumed that all buildings in renovation state 1 going through deep renevatiooved from state

1 to state 2. For the advanced renovation scenario, it is assumed that there is a 50% probability that a
building in statel going through renovation activity will reach a higher energy standard and be moved
straight tothe more advanced renovatisiate 3.
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2.4.2Energy input

Rgnneseth (201&imulated energy intensity profilés IDA ICE for all apartment block (AB) cohorts
01-07 according to the original state and standard renovatidfor Single Family Houses (SFHom
cohort 03 according to the original state, standard renovation and advanced rendvetiesulting
hourly delivered energyrofilesfor different energy carriers are used as input to the medghermore,
it is assumed that advanced renovatiandll AB cohorts correspond to the original state of ABQ7.
summary of total yearly delivered energy use for the different archetypes is gianiéi. An example
of an hourly delivered energy intensity profile for district heating is givéngare8.

Table 7: Energy use per square meter per year dhe different archetypes.

Archetype Construction Initial Standard Advanced
period [KWh/m 2] renovation renovation
[years] [KWh/m 2] [KWh/m 2]
AB_01 19461955 224 156 64
AB_02 19561970 153 140 64
AB_03 19711980 136 117 64
AB_04 19811990 122 117 64
AB_05 19912000 131 115 64
AB_06 20012010 87 75 64
AB_07 20112020 64 64 64
AB_08 20202070 64 64 64
SFH_03 19711980 195 150 77
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Delivered energy intensity profile
District heating
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Figure 8: Example of a delivered energy intensity profile used as input for an archetype. lthis
case, for the archetype apartment block of cohort 1 and state(Rgnneseth, 2018)

Load duration curves for the given energy camigrcreated by sorting the hourly values from high to

low. A load duration curve is a graph showing demand frequency distribution. Load duration curves
express the relationship between time and demand by showing the amount of time the demand is greater
or equal to a certain levéPoulinet al, 2008) The calculated load duration curf@ the example of

district heating folAB cohort 1 and state 1 given is giverFigure9.
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Delivered energy intensity profile - load duration curve
District heating
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Figure 9 Example of a load duration curve for a given delivered energy intensity profile used as
input for an archetype. In this case, for archetype apartment block of cohort 1 and state 1.

2.5 Case description: Glgshaugen campus
Additionally, as a second case stutlye neighbourhood Glgshaugen campus is modtdleow how

the model can be used to model systems with complex buildings consisting of several floor area types
with different functionality. This means that the energy use is highly dependent on thegosiildcific
characteristics.

2.5.1 Stock input

Data for thecurrentstock compositiomt Glgshaugen igiven byWoszczek (2017)17 different floor
area types hee been identified andredistributed to5 floor area classe3he initial gock input for
Glgshaugen is given ifiable8, andtheassumed future construction activity input is giveitale9.
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Table 8: Initial building stock input for Glashaugen campugWoszczek, 2017)

Table 9: Input of assumed future construction activity for Glgshaugen.

The building stock is divided intthe 5 cohortsdefinedin Table10. The floor area typeare allocated
to different floor area classes as showTable 11 Note that this allocation could be done in many
different ways and this is just an example in order to dtmwthemodel carbe used
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