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CESAR -P

Combined Energy Simulation And Retrofitting (Python) is a software to evaluate energy consumption

and retrofitting strategies for buildings and neighborhoods.

CESAR-P was developed by the Urban Energy Systems Lab at Empa and builds on the tool CESAR
which was developed at the Chair of Building Physics at ETH Zurich.
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Retrofit modelling — change in energy demand
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CESAR-P

Combined Energy Simulation And Retrofitting (Python) is a software to evaluate energy consumption

and retrofitting strategies for buildings and neighborhoods.
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Pre-processed 3D buildings
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Neighboring buildings are
considered as shading objects
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CESAR-P

Combined Energy Simulation And Retrofitting (Python) is a software to evaluate energy consumption

and retrofitting strategies for buildings and neighborhoods.

Climate Data

Weather
Files

ﬁ 'meteonorm

Geometry (2.5D)

Demand Modeling
Interface

Energy Demand Results

Building
Characteristics

Construction m
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Simulation

Bottom-up building stock simulation tool
to simulate each building individually
Takes shading of surrounding objects
into account

Python based tool which uses the
building simulation tool EnergyPlus
Connected to various databases for
building construction, costs, emissions,

use profiles, geometries
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Features

Hourly heating
demand of
various buildings

s
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* Models individual buildings’ indoor

temperatures, heating and cooling loads,

d

N

o
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©
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domestic hot water consumption, electricity

Hourly Heating Demand [kW]

i
o

consumption, comfort parameters

« Future retrofitting strategies can be simulated

Hour of the Day

(e.g. insulating of walls, windows, roofs,...)

- QOutputs operational costs and emissions, § Retroflttmg
i m strategies of
embodied emissions and investment costs of districts

Suburban-NEP

retrofitting solutions

Suburban-NEP

2015 2035 2050
Simulation year

‘ [ space Heating [l Domestic Hot Water [II Electricity
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Spatial and temporal resolution

« Spatial coverage: Switzerland

« Spatial resolution: building level

« Temporal coverage: dependent on weather file

« Temporal resolution: hourly (also 10min possible)

« Sector coverage: space heating, cooling,

domestic hot water, electricity
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Case study:

Urban — Suburban — Rural districts ... TR S
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Wang, et al. (2018) 'CESAR: A bottom-up housing stock model for Switzerland to address sustainable energy transformation strategies' Energy and Buildings Vol 169, 9-26.
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Case study:
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Case study:
Optimal retrofitting solutions for Swiss buildings

NFP70: Energiewende und technische

Building Type

Regulation EnTeR

Project objectives:
» Assess optimal retrofitting solutions for typical

buildings in Switzerland

» Evaluate costs, operational and embodied CO2

emissions 500 single and multi-family buildings which
represent 1.8 Mio buildings
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Case study:
Optimal retrofitting solutions for Swiss buildings

Typical solutions: building systems

Key outcomes:
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« CESAR is used for demand simulation together
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)
<
ES

Share of total system capacity

« 10 most promising retrofitting solutions to reach
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Project objective:

(a)

Age Class

« Evaluate passive cooling potential for Swiss
buildings in 2050

Key outcomes:
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GIS data collection and preparation Postwar neighbourhood archetypes Energy and sustainability metrics B Extension Embodied

M Retrofit Embodied
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SFOE project StaVerdi \' S5 0% —
« Extended CESAR-P to include the g&zsoooao
embodied emissions of new builds %m
Key outcomes: :
« Atimber strategy for the new builds had o
50% less emissions than the concrete o
- Densification strategies involving a mix of
new and old should address both the ° . - e
performance of retrofitted buildings and %%?%

the embodied emissions of new builds
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CESAR-P Architecture

« CESAR-P has a modular structure that is managed by
individual .yml config files

* These are combined by CESAR-P

« Elements of the configs can be redefined by the user

Retrofit
Manager
Geometry ) )
GraphDB Operation
SIA2024
Eplus adapter Example user defined config file

PATHFN DH - — 13.10.2021 15



Process

Modelling
1. Building Model Generation
2. Retrofitting Selection
3. EnergyPlus Simulations
4. Results processing

Automated building model generation Simulated results for the neighborhood

PATHFNDR
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Process

Input Modelling

» Building footprint and
= 6 . . -

height gé_;__-:z ‘:; 1. Building Model Generation

FamcT= 2. Retrofitting Selection

* Year of construction _ _
+——+ 3. EnergyPlus Simulations

*  Building type 4. Results processing

(residential, [ i

office,...) & ol

o
* Hourly weather data
(epw) 8 i

» For Shading: footprints

and height of

Automated building model generation Simulated results for the neighborhood

neighboring

buildings

PATHFNDR
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Process

Input

Output

Building footprint and

height

Building type
(residential,

office,...)

+—t—

1900 1950 2000

Hourly weather data
(epw) § Y
For Shading: footprints

and height of
neighboring
buildings

Modelling
1. Building Model Generation
2. Retrofitting Selection
3. EnergyPlus Simulations
4. Results processing

PATHFNDR

Automated building model generation

Simulated results for the neighborhood

Annual demands

_ o
Space heating 8
_ o
Space cooling m
Domestic hot water r%"
Electricity @
Hourly results can be
gueried on demand
Operational costs and
emissions T
3 &
Retrofit measures S .
Retrofitting costs and

embodied emissions
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Geometry Creation: inputs and configuration parameters

Roof: modeled as flat
roof, no options

Adjacent Building:

GEOMETRY :
NEIGHEQURHOOD :
MAX_DISTANCE_ADJACENCY:8.1 # meter

Main Building

Window Glass

Window Fran

Window Area [ Glazing ratio:
One window is modeled in the middle of each wall, with defined HEIGHT and

width calculated to match requested glazing ratio.

GEOMETRY :
MAIN_BLDG_SHAPE:
WINDOM:

HEIGHT: 1.5 # m

PATHFNDR ——

s

Window Frame: applied to

all windows

GEOMETRY :
MAIN_BLDG_SHAPE :
WINDOW_FRAME :
WIDTH: 9.84 # m

Story-Height/Number of floors:
Actual story height is defined as following, ensuring building height and
volume to be as defined for each building individually:

Building height is read together with building footprint vetices.

GEOMETRY:
MAIN_BLDG_SHAPE:

MINIMAL_STORY_HEIGHT: 2.4

Footprint-Vertices + Building Height: either defined in a
csv file or as a shp file — CESAR-P selects correct parser
according to file extension.
Input file contains footprints + height for all buildings on
the site.
MANAGER :
SITE_VERTICES_FILE:
PATH: YOUR_PROJECT_PATH\SiteVertices.csv/.shp
LABELS:
gis_fid: TARGET_FID
height: HEIGHT
x: POINT_X

y: POINT_Y

13.10.2021
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Construction and Operation Properties

o . Window Shading
Building Age and Building Type: Thres different shading devices/materials selectad Installation Characteristics:
Deﬁn.ed per B':IlldlnE- ] ) o depending on building age. fizeed for il buildings of the site, heat losses for
Building Type is according to 5142024, for available building To activate set [Default: active): lighting, zctivity, dhw and appliances. Parameters
types see cesanp 5142024 ressources building_types.yml specified in configuration of cesarp.construction
OPERATION: CONSTRUCTION:
HAKAGER : WINDOW_SHADING_CONTROL = FINED INSTALLATION CHARACTERISTICS: Night Ventilation
BLDG_AGE_FILE: ; ACTIVE: True e Fixed for all buildings on the site:
:ﬂ;h'L?_ELEG_ME_FILE-""’ . To activate set (Default: inactive)
ot DPERATION:
LABELS: s
gls_fid: "ORTG_FID" | /,- NEGHT_VENTLLATEON:
year_of_construction: “Buildingage” L L ACTIVE: Trie
BLDG_TYPE_PER_BLDG_FILE:
PATH: “TBD_BLDG_TYPE_PER_BLDG_FILE.csv" Roof
SEPARATOR: ",
LABELS:
gis_fid: "ORIG_FID"
sia_bldg type: "SIA2824BuildingType” ; |
J Hight Ventikstian Operation / Occupant behaviour:
kS
Infiltration Rate 6 2 Defined re:
‘fou can use Infiltration rate defined by S1A2024 based on |uFiI:mE> — r— Bl ) chedul
the Building Type or from constructional archetype bas=d - e ) _oorl Eres per persan, ncnupann?y 5. R .
o . i - Lighting, appliances, DHW, ventilation, people activity levels and schedules
on Building Age as described below. . - -
'-._ - Thermostat setpoint scheduls for heating and cooling
N A
HANAGER: Intema| Aoor / These parameters and schedules/profiles can either be generated according to SI1A2024
INFILTRATION_RATE_SOURCE: “SIA2824” | “Archetype” Internal Cailing P P &= "nE
depending on the Building Type or they can be s=t fixed for 2ll buildings of the site.
MANAGER :
BUILDING OPERATION _FACTORY CLASS:
Thermal Zone: Walls Window Glass “cesarp. SIADA24, SIAZG24Facade . SIAZG24Facade” |
Each floor is modeld 25 one Zone in EnergyFlus input file. 0 a::fanip'_:ag$;:té::£1xed. FixedBuildinghperationFactory. FixedBuildingdperationFact
All zones have identical properties. Mo configuration —— STAZ824 VARIARTLITY: False
options. Q.., -
roundfioor

Energy Source DHW and Heating:
Used for calculation of operationzal costsBemission.
Efficiency of heating is depending on the simulation year

Building age dependent constructional Archetype ‘Window Frame Construction:

foeed for all buildings of the site, paramgters specified

- and chasen energy strategy.
- Window Glass FOI’EII’I.ILTII]!I im configuration of cesarp.construction
- Wall Construction ER:
- Groundfloor Construction CONSTRUCTION: -

DO CALC_OF EMISSIONS AND COSTS: True
- Roof Construction FINED WINDOW_FRAME_CONSTRUCTION PARAMETERS: BLDG TNSTALLATION FILE:
e PATH: “TBD BLDG_INSTALLATION FILE.csv™

- Infiltration Rate (can be defined ower 5142024 as well, see abave) Ei:::;m-' "

- Galzing Ratio [can also be s=t per Bldg, == on Geometry diagram) Cw -
Internal Floor and Ceiling Construction: E:—z:; m\;ﬁ;:;‘:. B T p—
HANAGER : fixed for all buildings of the site, parameters specified in heating ‘Eﬁ;m R — "ECarrierHaating™

RANDON_CONSTRUCTIONS: False | True configuration of cesarp.construction

As 3 Data Source for constructionz| informationlDF Files or 3 GraphDE can be used. CONSTRUCTION: SIEAJLATIUN YEAR: 2815
CONSTRUCTION: FINED_TWTERMAL_FLOOR_COMSTRUCTION_PARAMETERS: ENERGY_STRATEGY:
CONSTRUCTION DB: "GRAPH_DB" | "IDF_FILES_DB" s ENERGY_STRATEGY_SELECTION: WWB | MEP
FINED _INTERNAL_CEILING CONSTRUCTION PARAMETERS:
When using the GRAPH_DB, you can define your own Archetype Factory in order to sas

implemeant a custom Archetype assignment to your buildings.

PATHFNDR
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Building Container Class

L_"._.' bldg_container_fid_0.json
L_"._.’ bldg_container_fid_1.json
L’ bldg_container_fid_2.json
Ll bldg_container_fid_3.json

L_“_.' bldg_container_fid_4.json

« Building Container is a class that i/ bldg_container_fid_5json . . o .
= - e Building containers are created for individual buildings
stores the building model, the &/ bidg_container_fid_6 json ) ’
results and the assumpuons L’ bldg_container_fid_7 json

& bldg_container_fid_8.json

i ' bldg_container_fid_9.json

« These containers are stored as json
files alongside the EnergyPlus

L_"_.’ bldg_container_fid_10._json

Outputs 'J'éotiheatingidemand“: {
"py/reduce™: [
. . . {
» Python functions inside CESAR-P | TPy/function”: "pint. umpickle"

can read and analyze the contents { e/t

of the BuildingContainers for post /e T Aty QA

processing and resimulation o o Total heating demand stored

jjg}ggﬁgfufgim.uéﬂ.udmt” inside the building container

T
"g;?;gjéc;": "pint.utll.Unlts(’IDntalner"

}
1

PATHFN DH - — 13.10.2021 21



Retrofitting

Example script to create a retrofit study:

.retrofit_manager = SimpleRetrofitManager( .common.init_unit_registry(
.conTig_dict,
“':::'Plg n .

« CESAR-P treats each of the building

. . .output_path,
elements separately during the retrofit -

Creating a ‘full retrofit’ case, comprised of roof, wall, window and ground floor:

* |tis possible to investigate strategies
[BuildingElement.ROOF,

|nvolv|ng any combination of: .retrofit_manager.add_retrofit_case("full_retrofit",

BuildingElement.WALL,
— Roof BuildingElement.WINDOW,
_ Walls BuildingElement.GROUNDFLOOR])
— Window
12000
— Ground Floor
10000
E 8000
« CESAR-P outputs a ‘retrofit log’ S
containing the em_bodle_d emissions . Average embodied
for each element investigated in the = emissions across a
specified case. 2000 neighbourhood for
0 each retrofitted
GROUNDFLOOR ROOF WALL WINDOW building element

PATHFN DH - — 13.10.2021 22



Validation / calibration
« Compared outputs of CESAR to annual heating 150000 x
e Construction
energy consumption of buildings in Zernez s ' Year
. é + <1918
« Overall accuracy quite good i x
-_3 100000 . ® 1949 - 1978
 Individual buildings show in some cases very high 3 x x 1679 -1994
. . L:‘: * ® 1995 - 2001
differences between measured and simulated 5 ; I
50000 ’ 4
+ N ¢ 2007 - 2009
. . " g . e ° . X ®x 2010 -2014
* Further calibration activities are currently ongoing AR
¢ axt ¢
} 0 50000 100000 150000 200000

Measured Heating [kWh/year]

Measured Simulated Deviation
[%]

Total Heating demand [GWh/Year 3.366 3.331

PATHFN DH - — 13.10.2021 23

Wang, et al. (2018) 'CESAR: A bottom-up housing stock model for Switzerland to address sustainable energy transformation strategies' Energy and Buildings Vol 169, 9-26.



Limitations

« Databases are currently only for Switzerland available

« Geometry input is in 2.5D, roofs are assumed to be flat and each floor is modelled as one thermal zone
-> more advanced geometry input is under development.

* No user-interface is currently available

PATHFN DH I — 13.10.2021 24



Linkage to other tools of
the PATHFNDR project

« CESAR-P & Ehub tool:
Output of CESAR-P (energy demand of districts) is used in an Energy hub optimization as input
Potential links:
« CESAR-P & Nexus-E (energy demand inputs)
« CESAR-P & Calliope (energy demand inputs)
« CESAR-P & ReMap (energy demand inputs)
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Future development under
the PATHFNDR project

« WHP1: extend the scope to other European
countries (e.qg. archetype buildings) and derive
demand profiles for other countries

 WP2: integrate demand flexibilities in CESAR-P

» Direct import of CityGML geometries containing

roof geometries and building parts

Building surfaces of the
SwissTopo CityGML model
viewed in Cesium

PATHFNDR ————

RESEARCH & DEVELOPMENT

= WPL: Pathways on a national

and international scale
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WP2: Pathways on a district

and city scale
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WP4: Test market designs
for existing technologies

WP10: Integration and
Synthesis
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Users

Current users: Potential users:
» Researchers in the field of energy system « Cities and communities
modelling (city, regional or national level) « Consultants for energy system planning
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License

AGPLvVv3 open source license.

* Further information: https://www.empa.ch/web/s313/software-tools

* Source code: https://github.com/hues-platform/cesar-p-core

« Documentation: https://cesar-p-core.readthedocs.io/en/latest/

 Download: https://pypi.ora/project/cesar-p/
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Empa, Urban Energy Systems Laboratory

PATHFNDR: https://sweet-pathfndr.ch/models/
CESAR-P: https://www.empa.ch/web/s313/software-tools
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