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Built Environment Climate Scenargerviceg Step by step guide
BUILDSPACE

BUILDSPAGTHfers a setof interactive, cityscale services that help urban planners, municipalities, and
decisionmakers understand how climate change affects buildings and neighbourhoods. These services

combine satellite data (Copernicus, EGNSS), local information and advandetling to visualise risks

and opportunities for energy, heat and floods. Througguitive map-based tools, cities can explore their
current situation, test future scenarios, and assess strategies for resilience and sustainability. Each service

focuses on a differerdispectof urban resilience, but together thgyrovidea common decisiosupport
framework for climatesmart planning.
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1. Introduction

TheBuilt Environment Climate Scenariggrvicesupports cities in understanding how their building stock
performs under current and future climate conditions. It visualises and analyses heatingoaliug
energy demand, allowing users to simulate the impact of climate scenarios, retrofitting strategies and
rooftop solar photovoltaic (PV) potential.

Whether you are an energy planner, climate officer or policy advisor, the service provides a clear, map
based environment texplore:

1 Current energy demand across the city or district level, usingdaB€xl colour scales

T Projected changes in energy demand under IPCC climate scenarios (SSP245, SSP370, SSP585)
1 The effectiveness of renovatiatrategies in reducing demand

1 Solar PV potential and associated investment opportunities

The service integrates Copernicus climate data, building geometry and energy modelling results into an
intuitive web interface, helping decisiemakers identify energy hotspots, prioritise retrofitting actions
and support climate adaptation planning.

Figurel summarises the service workflow, from analysing current building performance to exploring
future scenarios, testing retrofitting measures and assessing solar PV potential on the path toward more
sustainable and resilient cities.

Curxent Climate Retrofitting Solaxr PV Sustainable
building scenarios strategies analysis buildings
analysis
Understand Implement Assess solar Efficientenergy
Inefficientenergy future climate energy-saving energy potential use
usage impacts renovations
__.-—-"‘——
® S — -
‘ -f--_—‘
l o —
Understanding Exploring future . . More sustainable
today’s buildings scenarios e SRR and resilient city

Figurel. Overview of theserviceworkflow for building climate scenario analysis
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2. Getting started

Once youreceiw your credentials from the BUILDSPACE team, gaoubegin exploring theBuilt
Environment Climate Scenarios web application, isteractive mapbasedtool that visualises and
analyses thenergy and climate performance of buildmgcross a city

2.1. Log in

1. Open the web browser (Chrome is recommended for best performance).
2. Visit: https://tools.cartif.es/built -climate-scenarios
3. Enter the username and password provided to you.

You will seea login window prompting you toinput your credentials(Figure 2). After successful
authentication, the application will automatically open the main interface

@1 Built Tonment
Welcome to )
BUILT ENVIRONMENT N///
CLIMATE SCENARIOS '
CARTIF SERVICE t.c
Log in with your username and password 1]
Username jpemm e mm e
Password
L e \

- The BUILDSPACE projct o rcsve Fing e Esrope Ui’ Herien 013 R s oot Programne e gt et o, 10108257

Figure2. Login page

Note: Account creation and password recovery are not availdibdéetly through the platform.For
access or technical assistancentact the BUILDSPACE teanough the email provided(ildspace

se3@cartif.ep

2.2. Landing on the main interface

After logging in, the main interfaceppears:a mapbased viewdisplaying theOA (1 @ Q& o dzA@r-RAYy 3 A
coded by estimatedtheating energy demandFigure3).

2 dzQf £ A notic&dRvelalikey todnponents

B

T Interactive map: shows buildings across thselectedcity or district
1 dde panel opens whertlicking on a buildintp display detailednformation
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I Bottom analytics bar summarises statistics for the visible buildings (expandable from the bottom
tab)

1 Map controls: zoom, panand backgroundselection tools located in the top corners of the
interface.

Built Environment

BUTLDSPACE | Climate Scenarios
T

. 2 Layers

© Scale
Y oy
:\ QDISTRICT
{ ®suiome

\
D Map view

4 @ HEATING DEMAND

# ()SOLAR PV POTENTIAL

» & Scenarios

O CLIMATE CHANGE
= (ORETROFITTING STRATEGIES

WL Are

Heating demand (kWh/mz2)

o 2 SR -, - e
AT
[ 0-50  50-100 100-150 400-450 > 450
~ i o™ = L=sict| The State Land Service of Latvia | Riga Local Govemment | & OpenSireeiMap contributors

s

Py

- The BUILDSPACE project has received finding from the Euroepan Union's Horizon 2023 Research and Innovation Programme under grant agreement No. 101082575.

Figure3. Main map interfaceshowingbuilding-scale viewand energy demand colouring

Fromhere, you carstart exploring:

1 Qurrent energydemanddistribution

1 Futureclimate scenarios and timeframes
1 Retrofitting strategies and their effects

1 Solar PV potential

Each othesefunctionalitiesis explained step by step in tHellowing sections.

2.3. About

The About sectionintroduces the purpose ofhe Built Environment Climate Scenaritsl, its main
functionalities, and the scientific sources behind its calculatitrexplainshow the serviceestimates the
current and future energy demand of the building stock undiferent climate scenarios and supports
the evaluation of retrofittingneasuresand solarenergy opportunities

This sectior{Figured) is the best starting point for new users before exploring the interactive maps and
dashboards. It can also be accessed directly from the login page, allowing users without credentials to
learn more about the service.
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Built Environment 2
£ Map About Contact 8 v
BUILDSPACE | Climate Scenarios
The Built Environment Climate Scenarios service has been developed as part of the European project BUILDSPACE, aiming to support cities in addressing the
impacts of climate change on the energy performance of their building stock. The service offers estimations of heating, cooling and domestic hot water energy
demand under current and future climate conditions, provides analysis of energy retrofitting strategies and solar PV potential, and delivers user-friendly
visualisations to facilitate decision-making at building, district and city levels.
The development and integration of the service, including the data processing algorithms, climate scenario modelling, energy demand assessments, and the web- /
based application, have been carried out by CARTIF. To complement these developments, an additional functionality assessing the solar photovoltaic (PV) potential F O
of rooftops has been incorporated into the service, whose details are outlined later in this section. L N
Service developers: Victor I. Serna, Carla Rodriguez and Ivan Ramos (CARTIF) \
IT developers: Manuel Pérez and Laura Rodrigo (CARTIF) — )
%
': Lw The Heating demand map represents the current energy demand for space heating (yearly data) across the residential
o building stock. Building footprints were sourced from cadastral databases, ensuring accurate geometries and metadata
8 necessary for energy modelling. Party walls were detected to refine thermal boundary calculations, influencing heating
demand estimates. Building typologies were characterised using TABULA/EPISCOPE datasets, assigning typical U-values for
walls, roofs and windows based on construction periods.
Energy demand is calculated using simplified steady-state heat balance models compliant with Energy Performance of
Buildings Directive (EPBD), considering building envelope characteristics, internal gains, and external climate data. The map is
colour-coded according to the Latvian Energy Performance Certificate (EPC) label system, facilitating intuitive interpretation.
i EPC label thresholds are displayed in the legend at the bottom left of the map.
The bottom data panel provides additional information about the buildings currently displayed on the map and can be
accessed by clicking on the arrow below the screen. It dynamically calculates key metrics such as the number of buildings, their
average heating demand, and shows the distribution of buildings across heating demand classes and construction years.
Importantly, the panel is interactive, allowing users to filter the visible buildings either by heating demand class or by year of
construction, enabling a more focused and detailed analysis of the urban building stock.
v

Figured. ¢ KS a! 6 2 dzi ¢ & S OBulit EnliroAneit REnReReéhariosséndits objectives and credits
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3. Navigating the interface

Once logged, thapplicationgives access to an interactive city mabere users caexplorethe energy
performanceof buildings compareclimate scenarios, simulateenovation strategiesand assess solar

photovoltaic(P\j potential.

This sectionntroducesthe main components of the interfade helpyou move easily through its panels
and tools

3.1. Map controls
The centraklementof the interface is thénteractive map
You can navigate and explore different city areas using the following cantrols

I Zoom inor out: use your mouse wheel or the +d buttonslocated inthe top-right corner.
1 Pan click and draghe mapwith your mouseo move around
1 Change backgroundwitch betweentwo map typesusing thebackgroundselector
1 Default map aclean,neutral base thahighlights colour-codeddatalayers.
1 Colouredimagery map: a colouredimagery background that helgsgentify rooftops,
streets and urban feature@igureb).

Built Environment
o-

BUILDSPACE | Climate Scenarios

T Y 3
1 €& N%
« 2 Layers ~ -

L}
% @ Scale
s ocrry
§ ODISTRICT
N @BUILDING
W Map view

@ HEATING DEMAND
(O SOLAR PV POTENTIAL

¢ < Scenarios
O CLIMATE CHANGE o
O RETROFITTING STRATEGIE =

- ‘The BUILDSPACE project has received finding from the Euroepan Union’s Horizon 2023 Research and Innovation Programme under grant agreement No. 101082575,

Figure5. Basic magontrols and navigation tool¢coloured map background

As youhover the cursor ovethe map, pop-ups automaticallydisplay quick insights oheating energy
demand(Figure6):

1 Atbuilding level the estimated annual heating demand (kWh/m2).
T Atdistrict level, the neighbourhood name and its average demand.
1 Atcity level, the overallaverage heating demand.
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This allowg/ou to scan energy performance quickly before applying filters or scenarios.

L T
\1
& g ;3 2\ 4
o N S0
3
. %
\
N
> Neighbourhood:
\’) Heating demand ighbou 3

191,74 (KWhim?) Kipsala
Average heating demand

182,57 (kWh/m?)

(I
‘ DISTRICT
|
|
|
|
|

A - | | Plavniek|
a® ; LA 4
L ] . . A

L \ P

Figure6. Building and diétrict—level pop-upsdisplayingestimated heating demandolouring

The map uses a colour scale inspired by nati&@margy Performance Certificate (ERG&Is Figure?).

Buildings are coloured from green (low energy demand, high efficiency) to red (high energy demand, low
efficiency), while nofsresidential buildings are shown in grey.

This intuitive visualisation helps users immediately identify areas with lower or higher energy
performance across the city.

il . [ | RNV AW G
Heating demand (kWh/m?)

0-50 50-100 [100-150 350 -400 400-450 =450

= | eaflet | The State Land Service of Latvia | Riga Local Government | ® OpenStreetMap contributors

Figure7. EPGhased colour scale for heating energy demand
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3.2. Layersand scenarigpanel
At the top left of the screen,@ 2 dzQf f Layary &hc iy | oo Envizomen
Scenarios panel, which controls what information i suoseace | Climate scenarios
B T e~ o =TT Ageraral
displayed on the map (sddgure8). } ~ £
ayers
Use this panel to select the spatial scale, choose data I < g y
or activate scenario and strategy tools. y © Scale
§ oary '
1 Scale switchbetweencity, district, or buildinglevel § OoisTRICT I
views ¢+ @BUILDING “S *
. 05
1 Map view: toggle between: - 0D Map view f----\‘-o'
1 Heating demand view C OES-HEATING DEMAND i - \ o
T Solar PV potential view § OsolarpvPOTENTAL K% Q’\g ‘A
1 Scenarios expand one of theavailable toolsto , & Scenarios = ogﬁ_g:fﬁ
access \ J CLIMATE CHANGE ;S -
. . DO RETROFITTING STRATEGIES . ‘-\uﬂ\
1 Climatechangescenariosto explore future L “ v ) 53: Vs
energy demandinder future assumptions A »‘w%“'“‘ Oy

1 Retrofitting strategies. to test renovation
measuresand compare results

You can collapse the sectiasing the smalarrowson the “ | S ""'_‘-'HJ%._ . /
left side of the main title CNEg W

i

Flgure8 Layers and scenario selectlon panel

3.3. Building information panel

When youclick on a buildingdetailed information panedppeas on theleft-hand side of the screen.
This paneprovides buildingspecific data, includinfFigure9):

9 Building characteristicsuch asyear of construction, number of floorfipor area and building
type

1 Estimated energy demand (heating, cooliagd domestic hot watér

1 Envelope assumptions (walls, windows, roof)

1 Energy Performance CertificateR¢class and compactness indicators

The information shown in this panel refers to the selected building and updates automatically when
another building is clicked.
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surLospace | Climate Scenarios
Building
ID (Cadaster) Year of construction
1000190047001 1910
Typology Current use
RESIDENTIAL RESIDENTIAL
Total surface (m?) Number of floors
3260.52 5
Average geometry characteristics ~

External fagade surface [m?] 2156,13

North 629,95

South 706,83

East 29517

West 52418
Party walls surface [m?] 0
Window surface [m?] 431,23
External facade surfaee 1724,9
(without windows) [m?]
Total envelope surface
(fagade + roof) [m?] 280,23
Roof surface [m?] 652,1
Floor surface [m?] 652,1
Volume above ground [m?] 9781,56

Compactness ratio 3,48

Energy Performance values (yearly) v Heating demand (kWh/m?)
0-50  50-100 100-150 D0=350° 350-400 400-450 > 450

f
= Leaflet | The State Land Service of Laivia | Riga Local Government | © OpenSireetiap contributors

- ‘The BUILDSPACE project has received funding from the Euroepan Union’s Horizon 2023 Research and Innovation Programme under grant agreement No. 101082575

Figure9. Buildinginformation panel

3.4. Summary statisticspanel
Thebottom analytics barprovides an overview of thiuilding stock visible on the mapi¢urel0).
It can beexpandedby clicking on the tab at the bottom of the interface.
The panel summarises key statistics such as:

Total number of buildingsurrently visible
Average heating demand

Distribution ofEPC class

1 Yearof constructioncategories

=a =4 =

Userscanapply quickKilters from this panel to refine resultkr instance, focusing on specific EPC classes
or construction period. See an example ifigure 11, where buildings are highlighted on the map
according to theselected EPC classes, showing the best performing buildings (from 0 to 250 kW/m2) in
the area.
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Built Environment
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Figure10. Bottom analytics bar with summary statistics
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Figurell. Example of ERClass filter applied in thesummary statisticpanel
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4. Core functionalities

The application offers three main functionalities that allow users to expkireulate and plan energy and
climate strategies for the building stock:

1 Energy demandand climate scenariosvisualise current energy performance and assess how it
may change under future climate conditions.

1 Retrofitting strategies simulate renovation measures and estimate their energy and cost impact.

1 Solar photovoltaic (PV) potential evaluate opportunities forrooftop renewable energy
generation

Eachfunctionalitycan be accessed from theft panelunderMap viewand Scenarios

4.1. Energy demandand climate scenarios

Themap visualises thbéeating energy demanaf residential buildings across the gityased on their
geometry, typology, and energy modelled parameters.

This view helps identify energgtensive zones, compare performance between neighbourhoods and plan
interventions for efficiency improvement.

In addition to analysing current conditions, users can simulate how heating demand might evolve under
future climate scenarioF 2 f f 2 ¢ A y Fhated Socideconomi© Rathways (SteaBaRwork.

Available climate scenarios

1 SSP24% Moderate mitigation: mid-rangeemissions and moderate warming.
1 SSP37@ High emissionslimited mitigation, strong regional differences.
1 SSP58% Very high emissionsfossitfuelled development and severe warming.

Each scenario can be projected &30 20400r 2050
How to explore and comparscenarios

1. Open the Climate change scenarios section in the left panel

2. Select an SSP scenario and projection yeguel?2)

3. The map updates automatically to display the projected heating denfigdiel3)

4. To visually compare the projection with current conditions, click Compare with baseline to open
the splitscreen viewKigurel4)

H ¢tKA& LINRP2SOG KIFa NBOSAOSR TdzyRAYy3I FTNRY GKS 9dzNRLISIYy ! yA?Z
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@%ll Climate Change scenario é’ﬁl Climate Change scenario

Select scenario Select scenario

SSP245 "not too bad scenario” 5SP245 “not too bad scenario”

SSP370 “upper-middle part scenario” SSP370  "upper-middle part scenario™

SSP370 is a combination of SSP3 (Shared Socioeconomic Pathway 3,
“Regional Rivalry”) and RCP7.0 (Representative Concentration
Pathway 7.0, a high emissions scenario with a “upper-middle part”
CMIP6 Scenarios characteristics). SSP3 depicts a fragmented world with regional
Shared Socioeconomic Pathways (SSPs) conf]lcts .and afacus on sef(!mty and defen_(e over sushtamabhlllty.
55p2 55P5 Nationalism and competition among regions prevail, leading to
S5l Middle of the 5573 Sspa Fossil fueled limited i lobal i E i thi
Sustainability e Regonalrivay  Inequaiy  Fossi fUeled imited cooperation on global issues. Economic growth is uneven,
P with some regions developing more rapidly than others, but overall
global progress is stunted. Population growth is high in
developing regions, exacerbating resource scarcity and
environmental degradation. SSP370 includes an additional radiative
forcing of 7.0 W/m? by the year 2100, reflecting high future gas
emissions. This scenario assumes limited climate action and high
reliance on fossil fuels, leading to significant climate impacts.

SSP585 “upper boundary of the range scenario”

2100 year forcing level (W/m?)

SSP585 “upper boundary of the range scenario”

Figurel2. Climate change scenario selection panetltive service and explanatory description for SSP370 scenario
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Figurel3. Heating demand projections for SSP370 in 2@g@6inted out in the layers panel)
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Built Environment

BUILOSPACE | Climate Scenarios
N

£ layers A

© Scale

ocary
ODISTRICT
@BUILDING

W Map view
@ HEATING DEMAND
OSOLAR PV POTENTIAL

< Scenarios
@ CLIMATE CHANGE
Viewing
M Current (baseline) Scenario
SSP370 Scenario at 2040 ’g&, \
ORETROFITTING STRATEGIES

Cancel Scenario comparison \’D

ing from the E Union's Horizon 2023 Research and Innovation Programme under grant agreement No. 101082575.

Figurel4. Split-screen compason of baseline and future scenario (SSP370, 2040)

At buil

ding level, the information panel presents sioeside demand values for heating, cooling and

domestic hot water (DHW), allowing detailed inspection of how climate change may affect individual

buildings Figurelb).

Built Environment

Map About Contact

gurLospace | Climate Scenarios

[l Building

Current (baseline) Scenario

ID (Cadaster) Year of construction
1000590097001 1934

Typology Current use
RESIDENTIAL RESIDENTIAL

Total surface (m?) Number of floors
350,13 2

Average geometry characteristics hd

Heating energy demand

Cooling energy demand
o

DHW energy demand

P370 Scenario at 2040

Heating energy demand

Cooling energy demand
0

DHW energy demand
o

Energy Performance values (yearly) -
e — ari

267,36 KWh/m?
27,66 KWh/m?

10 KWh/m?

207.46 KWh/m?
26,47 KWh/m?

10 KWh/m?

- The BUILDSPACE project has received funding from the Ewroepan Union's Horizon 2023 Research and Innovation Programme under grant agreement No. 101082575,

Figurel5. Buildinglevel comparison between baseline and future scenario (SSP370 at 2040), showing changes in heating,
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4.2. Retrofitting strategies

This functionality helpsssess how passive renovation measures can reduce heatingpalidg energy
demandat the buildinglevel and estimate associated casts

Applying a strategy

1. Open Rtrofitting strategies from the left paneFgurel6)
2. Click on a building on the map to display its current heating demand
3. Select one or more measures, suchRiglrel?):

1 Window improvement

1 Facade insulation

1 Roof insulation

1 Basement flooinsulation

4. Configure parameters (e.g., insulation thicknessalilie, cost per m2) (exampleshigurel8and
Figurel9)
5. Run the simulation to view updated energy demand and total investment

{4 Retrofitting strategies scenario

Please select a building to apply
retrofitting measures and explore the
scenario.

Select building on the map

Figurel6. Retrofitting tool welcome screen. Users are prompted to select a building before applying any measures
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Figurel?. Retrofitting scenario interface displaying available measures

Figurel8. Window upgrade options with selectable dalues and cost per unit area

Figurel9. Facade insulation configuration screen showing thickness, performance and cost
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