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Foreword 

 

Despite the generally low energy performance of the existing European building stock, the 

decision to make an energy renovation of these buildings is significantly influenced by 

uncertainties about the costs and benefits throughout their life cycle. To address these 

challenges, the Expert support to Implementation Working Group 5 of the SET Plan - Energy 

Efficiency in Buildings project (IWG5 project) presents technology solutions and strategies to 

promote the transformation of the existing building stock, encourage the adoption of renewable 

energy sources, and offer reliable energy performance estimations to support renovation 

efforts. 

The IWG5 project takes a practical approach to minimize design and implementation failures 

and efficiency management. It provides comprehensive information on energy usage, 

environmental impact, and investment performance, enabling stakeholders and policymakers 

to conduct analyses during the pre-design phase of renovation projects. By employing the 

IWG5-CSA approach, stakeholders gain access to information about the potential outcomes 

of a comprehensive renovation. This deliverable from the IWG5 project establishes baselines 

for different types of buildings across various European climate zones. It serves as the 

fundamental basis for predicting energy consumption levels based on applying different levels 

of renovation packages. 

The IWG5 project is funded by the European Commission under the Horizon 2020 Programme 

and runs for three years from 2022 to 2025. The project’s Grant Agreement number is 

101075700.  

The IWG5 consortium is pleased to present this report which is one of the public deliverables 

from the project work. 
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Executive Summary 
 

IWG5 project deliverable 2.3 contains the description of the methodology and approach which 

brought to the definition of a structured repository of simulation results related to archetypes 

in different climate zones, representative of the existing EU building stock. 

The climate zone classification has been defined dividing Europe into five areas, according to 

the features of the residential and office buildings, and the average building performances 

provided by the climatic conditions. In relation to IWG5 project, each climate zone includes a 

city as representative for its climate zone. 

In order to populate the repository, three building types have been identified in each climate 

zone. These building archetypes are the most frequent and representative for the climate 

zone. Pieces of information on them have been extracted mainly from the TABULA data tool 

available online (TABULA data tool) and literature as specified in the full report in Table 4. 

The performances of the IWG5 baseline and renovation packages are evaluated using a set 

of Key Performance Indicators (KPIs), set as the outputs of the parametric study. The 

evaluated thematic areas considered within the project are energy, environmental impact, and 

economic issues (these energy KPI is implemented in the repository of baseline results and 

all KPIs used by Project Deliverable D3.2, concerning the Cost-effective rating tool). 

The baseline and possible renovation packages were adapted to each climate zone and their 

performances were evaluated by means of dynamic annual thermal simulations using 

EnergyPlus (Honeybee and Ladybug plugins on Grasshopper) as simulation engine, Ironbug 

for HVAC systems, and Grasshopper for building geometry.  The different combinations of 

baseline and renovation packages have been studied performing a parametric analysis with 

TTToolbox tool, per each of the three building archetypes in five climatic zones. 

The European Union has set two specific climate targets for 2030 and 2050. Therefore, 

simulations have been conducted using weather data from three time points: 2020, 2030, and 

2050, taking into account the Representative Concentration Pathway (RCP) 4.5. RCPs are 

frameworks employed by climate scientists to simulate and anticipate the probable effects of 

greenhouse gas emissions on the climate in the past, running and future. Overall, a total of 

9840 simulations have been conducted for baseline purposes. Specifically, 2616 simulations 

were carried out for single-family houses (SFH), 2616 for multi-family houses (MFH), and 4608 

for office buildings. 

The repository of results comes from the parametric simulation work providing results in the 

KPIs thematic area for the three building typologies in the five climate zones. The repository 

consists of three Excel files (one per each building typology: Single Family House, Multi-Family 

House, Office Building). Each row of the file corresponds to one simulation.  

The simulation results were subjected to validation by conducting a comparison with the 

TABULA tool. The average energy requirement for heating and cooling in kWh/m2 yearly for 

each building type in each climate scenario (2020and 2050) was evaluated according to the 

climate zone definition, and the corresponding outcomes are displayed in the table below 
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including technical systems efficiency. This validation process adds credibility to the reliability 

of our simulation results. 

 
Climate 

zones 

 Energy requirement for heating (kWh/m2y) 

 
Cities 

2020 2050 
Changes from 

2020 to 2050 
SFH Climate zone 1 Athens 68.09 53.06 -22.07% 

SFH Climate zone 2 Madrid 129.99 113.34 -12.81% 

SFH Climate zone 3 Milan 160.52 144.88 -9.74% 

SFH Climate zone 4 Berlin 188.54 170.91 -4.30% 

SFH Climate zone 5 Stockholm 189.25 168.59 -10.92% 

MFH Climate zone 1 Athens 44.56 34.16 -23.34% 

MFH Climate zone 2 Madrid 88.61 76.61 -13.54% 

MFH Climate zone 3 Milan 109.68 98.49 -10.20% 

MFH Climate zone 4 Berlin 129.45 116.56 -9.96% 

MFH Climate zone 5 Stockholm 131.64 116.00 -11.88% 

Office  Climate zone 1 Athens 15.01 10.59 -29.30% 

Office  Climate zone 2 Madrid 38.02 31.46 -17.26% 

Office  Climate zone 3 Milan 64.24 56.71 -11.73% 

Office  Climate zone 4 Berlin 83.46 73.48 -11.97% 

Office  Climate zone 5 Stockholm 76.51 65.06 -15.28% 

 

 
Climate 

zones 

 Energy requirement for cooling (kWh/m2y) 

 
Cities 

2020 2050 
Changes from 

2020 to 2050 

SFH Climate zone 1 Athens 62.55 78.81 20.63% 

SFH Climate zone 2 Madrid 40.02 57.01 29.79% 

SFH Climate zone 3 Milan 26.70 41.59 35.82% 

SFH Climate zone 4 Berlin 4.25 6.05 29.81% 

SFH Climate zone 5 Stockholm 2.69 3.75 28.30% 

MFH Climate zone 1 Athens 49.61 62.71 20.89% 

MFH Climate zone 2 Madrid 31.34 44.82 30.07% 

MFH Climate zone 3 Milan 21.92 34.22 35.95% 

MFH Climate zone 4 Berlin 4.04 5.61 28.02% 

MFH Climate zone 5 Stockholm 2.69 3.60 25.21% 

Office  Climate zone 1 Athens 91.44 108.64 15.83% 

Office  Climate zone 2 Madrid 62.59 81.28 22.99% 

Office  Climate zone 3 Milan 53.81 68.07 20.95% 

Office  Climate zone 4 Berlin 24.29 29.48 17.61% 

Office  Climate zone 5 Stockholm 19.30 22.21 13.10% 
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Links with other activities in the project 

Interrelation between D2.3 and 3.2 

• D2.3: Establish baselines for IWG5’s agreed specific targets, differentiating according 

to geography and other relevant context-based factors. The objective is to provide a 

reliable overview of the performance of existing buildings in Europe and to identify 

possibilities to achieve more energy-efficient building stocks and to introduce and 

assess the renovation packages, as reported in D3.2. 

• D3.2: The recommendation will be ambitious yet realistic, grounded in appropriate 

reduced models for the building stock and energy system, and on scenarios taking 

account of megatrends in how Europeans want to live. 
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      Introduction 

The increasingly pressing concerns regarding climate change and the responsible utilization 

of natural resources are significantly impacting the European Union (EU) policies, prompting 

the promotion of more environmentally sustainable and eco-friendly economies. The EU's 

adoption of the European Green Deal is a prominent example of its efforts to mitigate its 

environmental impact by curbing energy consumption, optimizing the efficiency of energy 

production and utilization efficiency, and achieving decarbonization across all processes. To 

facilitate the implementation of policies aimed at realizing these goals, it is imperative to have 

a comprehensive overview and monitoring system of various sectors. According to the EEA 

publication titled 'Trends and Projections in Europe 2021, it is assessed that the European 

Union successfully reached its trio of climate and energy targets for 2020. These 

encompassed a 20% reduction in greenhouse gas emissions from 1990 levels, a rise in the 

proportion of renewable energy utilization to 20%, and an enhancement of energy efficiency 

by 20%. The building sector has been identified as one of the key sectors to achieve the 20-

20-20 targets of the EU. The EU adopted a 55 % net emissions reduction target by 2030. This 

target paves the way for achieving climate neutrality in the EU by 2050 (European 

Environment Agency). 

a. What is the environmental cost of buildings? 

Buildings have the potential to influence the surrounding environment in numerous significant 

ways. Energy consumption is the first and foremost concern. Buildings are responsible for a 

substantial portion of global energy consumption. The operation of buildings, including 

heating, cooling, domestic hot water, lighting, and powering appliances, contributes to 

greenhouse gas emissions. So, buildings significantly contribute to carbon dioxide (CO2) 

emissions, a primary greenhouse gas responsible for global warming. The operation of 

buildings is responsible for 30% of global final energy consumption and 27% of total energy 

sector emissions1 while at EU level the ratio is even higher: 40% of final energy consumption 

and 36% of energy related GHG emissions (European Commission 2020).  Out of this, 8% 

were direct emissions generated by buildings‘ operation, while 19% were indirect emissions 

resulting from the production of electricity and heat used in buildings (IEA 2022).Resource 

depletion is another crucial factor to consider. The construction and operation of buildings 

require extracting natural resources, including timber, minerals, and water. The excessive use 

of these resources can lead to environmental destruction, deforestation, and water shortage, 

ultimately impacting ecosystems and biodiversity. Waste generation is also a significant 

concern associated with buildings. The construction and demolition of buildings generates 

substantial amounts of waste, including construction remains and waste materials. Inadequate 

discarding and management of this waste can contribute to pollution and landfill overcrowding. 

At a worldwide level, construction is responsible for about 20–50% of the consumption of 

natural resources and 50% of total solid waste (Vasilca et al. 2021). 

Moreover, the buildings and infrastructure in urban areas can contribute to the urban heat 

island effect. The materials and layout of buildings often absorb and retain heat, leading to 

higher temperatures in urban environments than in surrounding rural areas. This effect can 

exacerbate energy demands for cooling and impact local climate patterns. 

 
1 Energy sector CO2 emissions include emissions from energy combustion and industrial processes. 
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b. How can energy renovation of buildings support sustainability? 

Building renovation plays a fundamental role in supporting the environmental impact of 

buildings. By energy renovating buildings, several positive environmental outcomes can be 

achieved. Firstly, energy efficiency is significantly improved through building renovations. 

Optimising envelope and its insulation, window system to also exploit natural ventilation and 

lighting, and HVAC systems reduce the energy consumption of heating, cooling, and lighting. 

This leads to decreased greenhouse gas emissions associated with energy use, contributing 

to good and healthy living conditions and a greener and more sustainable future. Renovation 

projects also provide an opportunity to integrate renewable energy technologies into buildings. 

Solar panels and geothermal systems can be installed to generate clean and sustainable 

energy on-site. By using renewable energy sources, buildings can reduce their dependence 

on fossil fuels, reducing their environmental impact. 

Approximately 35% of the European Union (EU) buildings are older than 50 years, and nearly 

75% of the building stock are not energy efficient. However, only a small part, ranging from 

0.4% to 1.2% depending on the country per year (Filippidou and Jimenez Navarro 2019)., 

undergoes renovation yearly. Hence, there is a substantial opportunity for the increased 

renovation of existing buildings, which has the potential to result in significant energy savings. 

Such renovations could potentially reduce the overall energy consumption in EU by 5-6% and 

bring about a corresponding decrease in CO2 emissions by approximately 5%  (Pernetti et al.). 

c. European building renovation strategies 

Despite estimates indicating that approximately 75% of the European building stock fails to 

meet current energy performance requirements, and over 40% of these buildings were 

constructed before 1960, the rate of energy renovations, as mentioned above, is only 0.4-

1.2% On the other hand, the European Union has set a target of reducing emissions by up 

to 55% by the year 2030 (compared to 1990 levels) with interim reductions by 2030 and 2040. 

So, to meet this goal, renovation of existing buildings can lead to significant energy savings 

and plays a crucial role in the clean energy transition. So, all EU countries must establish a 

long-term renovation strategy to support the renovation of their national building stock into a 

highly energy-efficient and decarbonized building stock by 2050. 

d. What is the role of baselining? 

Baseline information is crucial throughout a renovation project since it provides a reference 

point to measure the building's improved energy efficiency. Before any changes are made to 

the building, it is necessary to analyse its present energy usage, performance, and efficiency. 

This information will serve as a benchmark against which the results of the renovation efforts 

can be evaluated. Conducting an energy audit or efficiency assessment is a common first step 

in the baseline process. This analysis may examine the building's material and construction, 

HVAC, appliances, and general energy consumption. Accurately assessing the building's 

current energy performance allows for establishing reasonable goals for enhancing its energy 

efficiency. 

Baseline analysis is a method for calculating the expected savings in energy costs and 

environmental benefits from construction or renovation projects that can be used by building 

owners, energy experts, and policymakers. By comparing data on energy consumption and 

performance after the renovation to the specified baseline, this method aids in tracking growth 
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and measuring the efficacy of the applied measures. To improve energy efficiency and reduce 

the building's environmental impact, benchmarking provides the path for strategic decision-

making, goal setting, and monitoring during renovations. 

1. Objectives 

Comprehensive scientific assistance is required to establish the performance of eco-building 

technologies today and to assist the SET-Plan Implementation Working Group 5 on Energy 

Efficiency in Buildings (IWG5) in defining realistic but ambitious performance targets. 

Accordingly, Task 2.2 of the IWG5-CSA intends to create baselines for IWG5's determined 

specific targets by undertaking an in-depth investigation while considering geographical and 

other relevant context-based considerations. This task will provide a reliable overview of 

existing building performance in Europe and its ongoing trends in order to stimulate the 

achievement of a more energy-efficient building stock. Building performance is evaluated by 

examining three primary scenarios that take into account the present climate conditions, the 

upcoming near future, and the mid-term future. The objective of using these three different 

weather conditions for analyzing building stock is to assess how buildings perform under 

varying climate scenarios. By considering the current climate, near-future projections, and 

mid-term future expectations, it allows for a comprehensive evaluation of how buildings will 

cope with different environmental conditions over time. This analysis helps in building 

renovation that are more resilient and adaptable to changing climates, ensuring they remain 

efficient, comfortable, and sustainable across different weather patterns and potential future 

challenges. 

By establishing baselines for each climate zone, this report will provide an essential database 

for policymakers, stockholders, and organizations deeply concerned about the GHG 

emissions, energy consumption, and environmental impacts of buildings. By establishing 

these baselines, they can use the valuable data for evaluating the performance of existing 

buildings, identifying areas for improvement to promote the adoption of sustainable practices, 

and driving progress towards a more energy-efficient and environmentally responsible built 

environment in Europe. 

 

2. Development of baselines for renovation packages: 

Scope and Methodology  
 

Finding the optimum solution for building renovation for a specific case among the various 

options requires expertise and is usually time-consuming, and the results cannot be easily 

transferred from one unique building to a category of buildings. For this reason, an easy-to-

use tool and database is needed to support the decision-making and performance 

assessment. In response, we have developed a simulation-based database including energy 

consumption for baselines and renovation packages, cost and environmental impacts for 

renovation packages applied to representative European residential and office building 

typologies.  

Building performance simulation and identifying energy efficiency improvements are required 

to create a simulation-based database. Buildings are complex systems considering 
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architectural, mechanical, and environmental aspects. So, the building performance is 

determined as a result of simultaneous interactions of multiple parameters. On the other hand, 

there are challenges associated with determining a comprehensive database containing all 

information on the characteristics of existing building components in all European nations. In 

order to address this scarcity, we have come up with an innovative approach that takes into 

consideration multiple parameters. 

To explore a wide range of scenarios and understand how the system responds to various 

conditions, we set a number of parametric simulations with different parameter values. The 

parametric simulation uses sophisticated building energy models that consider various 

building characteristics and climate conditions and then systematically varying key parameters 

to analyse the effects of different scenarios for existing buildings and renovation strategies. 

Different combinations of building components, materials, and energy systems can be tested 

and compared for different archetypes, considering different climate conditions. 

The process of creating the retrofit simulation results database begins with gathering data on 

the current building stock in Europe from country statistics and existing literature. This data 

was structured and organized by (1) identifying reference building typologies and buildings 

geometry to develop reference building models (2) applying parametric approach to building 

components’ features, including envelope properties (external walls, windows, and roof), 

HVAC systems, infiltration rates, and shadings system control. In the next step, a parametric 

analysis combines different conditions and technologies for both existing buildings and 

renovation solutions. The results from running parametric simulations were elaborated, and 

performance indicators were calculated. Finally, the acquired results are gathered and 

organized in a database (Figure 1). This methodology was applied to all specified archetypes. 

For a more in-depth understanding of the process, additional information is provided in the 

following sections in which methodology component is described in detail. 

 

Figure 1. Workflow 
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3. Considerations for Developing Baselines: climate 

zones, building archetypes, and KPIs 
 

This chapter presents an overview of the primary stages of establishing the repository and 

recording simulation results. The initial part of the methodology involves establishing climate 

zones across Europe, identifying primary building types, and designing structures that could 

be universally applicable throughout the continent. It also includes outlining the specifics of 

building structures and system features for current buildings within each climate zone. 

Ultimately, the goal is to define important benchmarks for evaluating both existing and 

renovated buildings. 

a. Definition of climate zones 

The climate and environmental conditions of a building's location significantly impact its 

thermal behaviour and overall energy consumption. This, in turn, influences the choice of 

technologies, materials, and refurbishment techniques used for energy-efficient facades. 

Climate-dependent factors should be considered for assessing a building's energy 

consumption, particularly for space heating and cooling, which are directly impacted by 

climate. This section primarily analyses the climate conditions most significantly influencing 

energy consumption.  

There are different systems for European climate classification and climate design zones. 

European regions were divided by Ecofys in the report ‘Towards nearly zero-energy Buildings’ 

into five climate zones with similar characteristics (global radiation, heating degree-days, 

cooling degree-days, and cooling potential by night ventilation) to determine the most 

appropriate technologies for each region. In this report, the Köppen-Geiger classification with 

the European Heat Index, the European Cooling Index, and the nZEB zoning, were combined 

to define the climate zones (Towards nearly zero-energy buildings).  

Comparing the Köppen-Geiger Classification with the Ecofys Zoning shows that most 

countries generally share a similar classification. However, a few countries are divided into 

two distinct areas according to the Köppen-Geiger system. For instance, the northern regions 

of Italy and Spain fall under the Cfb climate, belonging to zone 4, while in Germany, the 

western part is categorized as Cfb (zone 4) and the eastern part as Dfb (zone 3). Sweden 

demonstrates a temperature contrast, with its southern regions classified as Dfb and the 

middle and northern parts as Dfc. nZEB climate zones are valuable in general if the specifics 

of each region are considered. 

Compliance with the report titled "European climate zones and bio-climatic design 

requirements," which considers comfort, indoor climate, heating, cooling, and daylight 

specifications as a function of climatic zones, having a uniform system for climate classification 

and climate design zones in Europe would be beneficial. Therefore, the European heating 

index (EHI) and the European cooling index (ECI) are proposed, both of which correspond 

well to the Koppen-Geiger classification. Based on this, it is suggested to update the nZEB 

zoning map (Figure 2). 
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Figure 2. nZEB climate zones based on Köppen-Geiger and the EHI and ECI 

In our study, Europe has been divided into five climate zones in accordance with "European 

climate zones and bio-climatic design requirements" to provide a European framework for the 

parametric analysis of the baseline and renovation package performances: 

• Zone 1&2 – Temperate with dry, hot summer (Mediterranean climate) 

• Zone 3 - Temperate continental climate/humid continental climate without dry season 

and with warm summer 

• Zone 4 - Temperate without a dry season and warm summer 

• Zone 5 - Cold, without dry season and with cold summer. 

Table 1. Climate Zones 

 Cities Köppen 

Zone 1  Athens - Larnaca - Luga - Catania - Seville - Palermo  Csa 

Zone 2  Lisbon - Madrid - Marseille - Rome  Csa Cfb 

Zone 3  Bratislava - Budapest - Ljubljana - Milan - Venice  Dfb 

Zone 4  Amsterdam - Berlin - Brussels - Copenhagen - Dublin 
- London - Macon - Nancy - Paris - Prague - Waszawa 

Cfb/Dfb 

Zone 5  Helsinki - Riga - Stockholm - Gdansk - Tovarene  Dfc 
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For each climate zone, a representative city has been selected for building performance 

simulations: Athens for Zone 1, Madrid for Zone 2, Milan for Zone 3, Berlin for Zone 4, and 

Stockholm for Zone 5. 

b. Definition of building archetypes 

For each climate zone, three representative building archetypes models that capture the 

essential characteristics of different types of existing buildings commonly found in Europe 

have been selected. These archetypes serve as a foundation for assessing and planning 

renovation strategies that offer a wide variety of buildings that share comparable 

characteristics. The source for this selection was the national building typologies developed 

as part of the TABULA project (Institut Wohnen und Umwelt GmbH, 2018), (Dipasquale et al. 

2019; Tabadkani et al. 2021). All IWG5 archetypes are selected among these example 

buildings. However, in order to keep the number of models manageable, three main 

geometries have been identified and used for the simulation in each climate zone (Table 2). 

We used the model proposed in the INSPIRE project (Gustafsson et al. 2017) for single-family 

houses and multi-family houses. However, due to the IWG5 requirements, we made some 

minor in the geometry of the archetypes. For the single-family house model, we considered 

the window-to-wall ratio (WWR) according to what was suggested in the reference since this 

ratio has been selected as an optimal configuration for various orientations in previous 

research studies. In the multi-family house model, each floor includes one residential unit to 

reduce the number of thermal zones and, consequently, the number of simulations. The WWR 

is also equivalent to what was mentioned in the above project. 

Finding an archetype encompassing office building design for all European countries is 

challenging due to the vast diversity in architecture, culture, and regulations across the region. 

A parametric approach was adopted to overcome the challenge of finding a single archetype 

for office buildings across all European countries. By making the office buildings' geometry 

parametric, stakeholders and policymakers can create flexible and adaptable designs that can 

be customized to suit specific contexts, climates, and regulations in different European 

regions. Here's how this approach was implemented: 

Parametric Geometry: A parametric design approach involves using variables and parameters 

that can be easily adjusted to modify the building's form and layout. By doing so, users can 

generate multiple design repetitions, each tailored to the specific requirements of different 

European countries. 

Modular Design: A modular approach allows for creation of standardized building elements or 

modules that can be combined and replicated to form the overall building. This simplifies the 

building model and ensures consistency in energy performance across various office buildings 

(Tabadkani et al. 2021; Krstić-Furundžić et al. 2019), as well as enable to possibly add model 

representing further technologies not included in the present study. 

The geometry is subjected to energy simulations by rotating it in all orientations. This 

simulation process provides insights into how the building's energy performance varies. Based 

on the simulation results, the energy consumption for each orientation of the building module 

is determined. By knowing the floor area and the number of floors for a specific office building, 

energy consumption estimates can be calculated for various configurations. 
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Table 2. Simulated geometries 

Building archetypes Building geometry 

 

Number of storeys 2 

Building width/depth 8 m ×  6.5 m 

Area per storey 52 m2 

Orientation South 

Glazing ratio South 20%, North 10%, West and East 12% 

 

Number of stories 3 

Building width/depth 16.4 m ×  6.4 m 

Area per story 104.96 m2 

Orientation South 

Glazing ratio South and North 20%, West, and East no window 

 

 
North-face 
model 

South-face 
model 

West-face 
model 

East -face 
model 

Stories 1 1 1 1 

Building 
width/depth 

3.6m × 8.2m 3.6m × 8.2m 3.6m × 8.2m 3.6m × 8.2m 

Orientation North South West East 

Glazing ratio 55% 55% 55% 55% 

Boundary 
condition 

Adiabatic in all 
surfaces 
except North 

Adiabatic in 
all surfaces 
except South 

Adiabatic in 
all surfaces 
except West 

Adiabatic in 
all surfaces 
except East 

 

While the building geometries remained consistent within each climate zone, such as window 

count and dimensions, the envelope's properties (i.e., the materials, construction, and thermal 

properties), HVAC, and shading control systems were varied to align with the distinct 

characteristics of each climate zone.  

c. Definition of existing building characteristics for each climate zone 

The baselining is to understand what makes existing buildings different in terms of energy 

consumption in various climate conditions. To do this, this project uses two main resources 

for getting information on the existing building envelope properties: TABULA and the 

Ambience project (IEE Project TABULA 2009-2012; The AmBIENCe Consortium 2021). 

Existing building includes construction periods of before 1944, 1945-1969, 1970-1979, 1980-

1989, 1990-1999, 2000-2010, 2001-2009, 2011 and after. In Ambience Building stock 

segments present in the database are organised by building use, construction period, and, 

where applicable, construction methodology and/or materials, while each building stock 

segment is represented by a single reference building. In general, TABULA provides 

information on more than one type of building envelope element. For example, the building’s 

wall may contain two wall types: bricks and concrete. TABULA’s reference buildings allow at 

most two types of floors, windows, or roofs, and three types of walls. By using TABULA and 

the Ambience project, we get a clear picture of how buildings vary in different climate zones. 
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The building envelope characteristics are outlined in ANNEX A. Additionally, Table 3 displays 

the varying components relative to each climate zone and archetype for baselines. 

Within the database for each building archetype in each climate zone, as shown in Table 3, a 

range of building envelope components is detailed, ranging from the least energy-efficient 

(with higher U-values, representing the worst case) to the most energy-efficient options. This 

repository compiles information from a variety of existing buildings, showcasing a diverse set 

of properties. Users have the flexibility to select from these different components to estimate 

the energy consumption of their specific building. The repository offers a broad range of 

options, 9630 combinations, allowing users to assess and understand the energy usage based 

on the specific characteristics of their building archetype, aiding in making more informed 

decisions regarding energy efficiency. 

Table 3. existing building envelope options 

 Archetype  Wall number Window number Roof number 

C
li
m

a
te

 z
o

n
e
 

1
 

SFH 
From WALL 1 WINDOW 1 ROOF 1 

To WALL 8 WINDOW 2 ROOF 2 

MFH 
From WALL 1 WINDOW 1 ROOF 1 

To WALL 8 WINDOW 2 ROOF 2 

Office 
From WALL 1 WINDOW 1  

To WALL 4 WINDOW 3  

C
li
m

a
te

 z
o

n
e
 

2
 

SFH 
From WALL 1 WINDOW 1 ROOF 1 

To WALL 8 WINDOW 2 ROOF 2 

MFH 
From WALL 1 WINDOW 1 ROOF 1 

To WALL 8 WINDOW 2 ROOF 2 

Office 
From WALL 1 WINDOW 1  

To WALL 4 WINDOW 3  

C
li
m

a
te

 z
o

n
e
 

3
 

SFH 
From WALL 1 WINDOW 1 ROOF 1 

To WALL 9 WINDOW 3 ROOF4 

MFH 
From WALL 1 WINDOW 1 ROOF 1 

To WALL 9 WINDOW 3 ROOF4 

Office 
From WALL 6 WINDOW 1  

To WALL 10 WINDOW 3  

C
li
m

a
te

 z
o

n
e
 

4
 

SFH 
From WALL 6 WINDOW 3 ROOF 2 

To WALL 10 WINDOW 5 ROOF 5 

MFH 
From WALL 6 WINDOW 3 ROOF 2 

To WALL 10 WINDOW 5 ROOF 5 

Office 
From WALL 2 WINDOW 3  

To WALL 6 WINDOW 5  

C
li
m

a
te

 z
o

n
e
 

5
 

SFH 
From WALL 6 WINDOW 4 ROOF 4 

To WALL 11 WINDOW 5 ROOF 6 

MFH 
From WALL 6 WINDOW 4 ROOF 4 

To WALL 11 WINDOW 5 ROOF 6 

Office 
From WALL 4 WINDOW 4  

To WALL 6 WINDOW 6  
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d. Simulations KPIs 

The IWG5 baseline and renovation packages are evaluated using a set of Key Performance 

Indicators (KPIs) based on the parametric study's findings. The project focuses on examining 

a variety of KPIs, including: 

• For baselines and renovation packages: 

Energy indicators deal with the building's energy consumption and efficiency before any 

renovation or energy-saving measures are implemented. It serves as a fundamental metric to 

establish the starting point or reference for evaluating the building's energy performance, 

predicting future renovation strategies' effectiveness, and assessing the impact of energy-

saving measures and improvements during the renovation process. 

It allows stakeholders, such as building owners, energy auditors, or policymakers, to identify 

areas of energy inefficiency and prioritize suitable energy-saving interventions for the 

renovation project. 

• For renovation packages (see IWG-5-CSA deliverable D3.2): 

Life Cycle Assessment (LCA), as a methodology to calculate KPI for defining building 

renovation packages, is a comprehensive and holistic approach to assessing the 

environmental impact of the entire building's life cycle, from construction and operation to 

eventual demolition or end-of-life disposal. It ensures that the evaluation process extends 

beyond short-term energy savings to encompass the building's entire life cycle. This 

comprehensive approach promotes environmentally responsible decision-making and 

supports the development of sustainable and resilient buildings for the future. 

Life Cycle Cost (LCC), as a comprehensive evaluation of all costs associated with the 

renovation project throughout its entire lifespan, encompassing expenses from initial 

acquisition, renovation, ongoing operation, maintenance. By analyzing and comparing 

different approaches, LCC aids in selecting the most economically efficient and sustainable 

renovation strategy, helping decision-makers avoid choices based solely on initial costs and 

instead emphasizing the overall lifetime expenses, including operational and maintenance 

costs, to ensure a financially prudent and durable renovation outcome. 

4. Simulation approach 

a. Simulation models and tools  

The different combinations between renovation packages have been studied, performing a 

parametric analysis for three building geometries in the five climatic zones. To determine the 

energy performance of different baselines and renovation scenarios, building energy 

performance simulations (BEPS) were employed by means of numerical modelling.   

The building's geometric properties were simulated using the 3D-modeller Rhinoceros, while 

the building energy simulation was conducted within the graphical scripting interface of 

Grasshopper. Honeybee and Ladybug (Ladybug Tools 1.6.0) were applied to perform the 

BEPS by connecting the simulation engine of EnergyPlus in combination with OpenStudio. To 

enhance the sophisticated modelling of HVAC systems, the utilization of the Ironbug tool within 

https://www.sciencedirect.com/topics/engineering/energyplus
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Grasshopper is employed. This tool enables the comprehensive analysis of performance 

curves, akin to the heat pump's functionality. These curves demonstrate how the COP of a 

heat pump varies with different operating conditions such as outdoor temperature, indoor 

temperature, and the system's load. The curve shows that the COP of a heat pump changes 

under different conditions, particularly in heating and cooling modes.  

The energy simulation was based on the climate data of EnergyPlus Weather file (EPW) 

format from Meteonorm for the 2020, 2030, and 2050 weather conditions. TT Toolbox, 

characterized by automatic simulation for a large number of study cases, was used to run 

parametric simulations under various building characteristics. The details of functions and 

working mechanisms of the plugins applied in this deliverable are shown in Figure 3.  

 
Figure 3. Tools for the parametric energy simulations 

b. Simulation parameters and assumptions  

The technical data for the archetypes were sourced from the literature (Table 4) and TABULA 

data tool, allowing the definition of envelope characteristics (wall, roof, window glazing, and 

window frame) specific to each geo-cluster for existing buildings (Table 3). When running 

simulations for renovation packages, it is necessary to precisely represent the constructions 

of the building components and systems that are used in existing buildings and should be 

applied for renovation packages. This assists in measuring the performance of various 

remodelling scenarios and understanding the influence that those scenarios have on the 

https://www.sciencedirect.com/topics/engineering/energyplus
https://www.sciencedirect.com/topics/engineering/building-context
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overall performance of the building in terms of energy efficiency and other metrics. The 

features of building components, building systems, and additional factors to consider for 

simulation models are as follows: 

• Building Components: 

The building facade components, including external walls, windows, and floors, are crucial 

elements in simulation models. Their characteristics, such as material type, insulation, and 

glazing properties, significantly influence the building's energy performance and thermal 

comfort. Building components for simulation models are as follows: 

Walls:  

In this deliverable, we have selected 11 different types of external wall constructions for 

baselines in five distinct climatic conditions for single family house and multi-family house and 

6 types of external wall constructions for office buildings. Depending on each wall 's 

characteristics, they can be suitable for one or multiple climate zones. These walls are 

introduced for both baseline models and renovation packages. To achieve a broader 

simulation range of external walls, we have considered the heat transfer coefficient (U-value) 

of these walls parametrically, ranging from the non-insulated one with an equivalent of 2.8 

W/m2K to the most insulated with a value of 0.067 W/m2K. Among these 19 walls, 11 are 

chosen as baseline cases for analysis, while the rest are considered for the renovated walls 

in D3.2. It is important to note that each of these 11 wall types is appropriate for existing 

buildings in one or more climatic conditions. The references used for these walls are TABULA 

data tool and literature. Table 4 provides the references used to establish the baseline and 

renovation specifications for wall construction. More detail about the wall’s construction for 

baselines is presented in ANNEX A. 

Roof:   

We have chosen three distinct roof constructions with heat transfer coefficients (U-value) of 

2.06 W/m2K, 1.03 W/m2K, and 0.71 W/m2K for the existing roofs. Furthermore, an additional 

five different constructions have been explicitly considered for renovation packages in D3.2. 

The references used for these roofs are TABULA data tool and the literature. The sources 

used to define the baseline and renovation criteria for wall construction are listed in Table 4. 

More detail about the wall’s construction is presented in ANNEX A. 

Windows:  

We have selected eight types of windows, including single, double, and triple glazing, with 

different frame materials such as wood Aluminium, Wood, Vinyl, and Insulated Fiberglass. 

Among these, five types are considered baseline options. The glazing units comprise layers 

of glass with different configurations, including air and argon gas fills, which influence their 

thermal and insulation properties. The references used for these walls are TABULA data tool 

and the literature. Table 4 contains the sources that were used to define the baseline and 

renovation parameters for window types. More detail about the window’s construction is 

presented in ANNEX A. 
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Floors:  

Based on this approach, since the number of simulations is very high, a type of construction 

is considered to reduce the number of simulated models for building floors. According to the 

ASHRAE standard, the construction "Generic Ground Slab" with a heat transfer coefficient of 

0.517 W/m2K has been used as the default EnergyPlus conduction. In Table 4, the references 

that were used to define the floor construction are presented. 

Table 4. Reference for building components 

Components References 

Walls 

(Pohoryles et al. 2020; Fricke et al. 2008; American Society of Heating, 

Refrigerating and Air-Conditioning Engineers 2017; Brandão de 

Vasconcelos et al. 2015; Cuerda et al. 2014; Dascalaki et al. 2011; 

Dipasquale et al. 2019; Escandón et al. 2018; Fokaides and Kalogirou 

2011; La Fleur et al. 2017; Monzón-Chavarrías et al. 2021; Serrano-

Lanzarote et al. 2016; Sousa et al. 2013). 

Roofs 

(Pohoryles et al. 2020; American Society of Heating, Refrigerating and Air-

Conditioning Engineers 2017; Brandão de Vasconcelos et al. 2015; 

Dascalaki et al. 2011; Dipasquale et al. 2019; Escandón et al. 2018; 

Fokaides and Kalogirou 2011; La Fleur et al. 2017; Monzón-Chavarrías et 

al. 2021; Serrano-Lanzarote et al. 2016; Sousa et al. 2013) . 

Floors 

(Pohoryles et al. 2020; Kim et al. 2019; Parker 2015; van den Bossche et 

al. 2015; American Society of Heating, Refrigerating and Air-Conditioning 

Engineers 2017; Brandão de Vasconcelos et al. 2015; Dascalaki et al. 

2011; Dipasquale et al. 2019; Escandón et al. 2018; La Fleur et al. 2017; 

Monzón-Chavarrías et al. 2021; Serrano-Lanzarote et al. 2016; Sousa et 

al. 2013) 

Windows 

(Pohoryles et al. 2020; American Society of Heating, Refrigerating and Air-

Conditioning Engineers 2017; Brandão de Vasconcelos et al. 2015; 

Dascalaki et al. 2011; Dipasquale et al. 2019; La Fleur et al. 2017; Monzón-

Chavarrías et al. 2021; Serrano-Lanzarote et al. 2016) 

• Building Systems: 

Building systems play a central role in baselining and building performance simulation, which 

involves establishing a reference or baseline model and evaluating the actual performance of 

a building over time. Baselining needs to create a detailed representation of the building's 

HVAC and energy systems, incorporating design specifications, occupancy patterns, and 

climate conditions to establish a starting point for comparison. This process allows 

stakeholders to make data-driven decisions, enhance building efficiency, and ensure optimal 

occupant comfort and environmental responsibility throughout the building's lifecycle. Building 

components for simulation models are as follows: 

Heating, Ventilation, and Air Conditioning (HVAC): 

In both existing residential and non-residential buildings in Europe, gas boilers are commonly 

used as part of the HVAC (Heating, Ventilation, and Air Conditioning) system for heating 

purposes. Gas boilers have been for years a popular choice for providing central heating and 
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hot water in buildings due to their efficiency and availability of natural gas supply. So, for the 

baselines, a gas boiler with an efficiency of 80% (considering distribution) is selected as an 

HVAC baseline for the defined archetypes. In addition to energy consumption of existing 

buildings with old, the ideal load for each combination of building envelope is calculated. 

Renovation solutions for the HVAC system in D3.2 are selected from the most common and 

market-available generation and distribution systems and from the most promising in terms of 

technology robustness and reduced final energy consumption (Monzón-Chavarrías et al. 

2021; Gustafsson et al. 2017; Dipasquale et al. 2019; D'Agostino et al. 2021; Wang et al. 

2022). 

Shading system control: 

There is a shading control system in both the existing and renovated configurations. The 

primary distinction lies in how the control operates. In the existing condition, the control relies 

on external incident radiation. However, in the renovated condition, the shading system is 

activated based on both indoor and incident radiation. Usually, shading lamellas are placed 

outside, in front of the window (Roberts et al. 2022; Da Silva et al. 2012; Evola et al. 2017). 

So, for window shading, an exterior blind has been assumed, triggering activation when one 

specific condition is met for existing buildings and two for renovation packages: 

Existing buildings: 

o Global vertical irradiation on the façade element greater than 150 W/m2 

Renovated buildings: 

o Global vertical irradiation on the façade element greater than 150 W/m2 and  

o Room temperature greater than 24 °C (shades removed if < 23 °C) 

• Other considerations 

Other factors are also taken into account for building simulation, including infiltration rate, 

natural ventilation patterns, and occupants' behaviour. Detailed information regarding these 

aspects is provided as follows: 

Infiltration rate 

Based on ASHRAE (American Society of Heating, Refrigerating, and Air-Conditioning 

Engineers) standards, the infiltration rate for leaky, medium, and tight buildings can vary 

significantly. Infiltration rate for leaky buildings 1.5 ACH, medium 1 ACH, and tight buildings 

0.4 ACH are assumed (Dipasquale et al. 2019; American Society of Heating, Refrigerating 

and Air-Conditioning Engineers 2017). 

Natural ventilation 

In building simulation, the window opening strategy for natural ventilation is modelled to 

replicate real-world scenarios and analyse the impact of natural airflow on indoor conditions 

and energy consumption. Window openings strategy based on indoor and outdoor 

temperature is assumed in simulations. When indoor temperatures rise above 24 C̊ and 

outdoor temperatures are below 27 C̊, windows will be opened to allow for natural ventilation 

(Figueroa-Lopez et al. 2021; Kyritsi and Michael 2020). 

Occupants’behaviour 
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The simulation model defines occupancy patterns based on the building's usage, such as 

office hours, residential occupancy, or specific operational schedules. Based on typical 

assumptions and schedules, we used EnergyPlus default occupants' behaviour for residential 

and office buildings. These default behaviours are intended to provide a reasonable 

representation of typical occupancy patterns in these types of buildings. EnergyPlus assumes 

that residential buildings have regular occupancy schedules, with higher occupancy levels 

during the evening and nighttime (after work/school hours) and lower occupancy levels during 

the day when occupants are away at work or school. Occupancy Schedule: EnergyPlus 

assumes that residential buildings have regular occupancy schedules, with higher occupancy 

levels during the evening and nighttime (after work/school hours) and lower occupancy levels 

during the day when occupants are away at work or school. For office buildings, it assumes a 

regular work schedule, typically from 9:00 AM to 5:00 PM, Monday to Friday. Occupancy levels 

are higher during these working hours and lower on weekends and holidays. Internal gains in 

office buildings are influenced by lighting, office equipment, and plug loads. EnergyPlus 

considers these internal gains based on typical office usage patterns and the number of 

occupants present. 

5. How to use the simulation results for baseline 
 

The simulation results for the baseline scenarios provide a crucial foundation for evaluating 

and optimizing the building performance. This section outlines the steps to effectively utilize 

the obtained simulation results for baseline analysis and subsequent decision-making. 

The Excel file (D2.3_parametric_simulation_for_Baseline) including the parametric simulation 

results for the baseline scenarios, contains comprehensive data regarding the energy 

performance of different building archetypes, climate zones, and construction elements. The 

file serves as a valuable tool for analysing and comparing the energy consumption of various 

building configurations under specific conditions. Here's a breakdown of the information 

included in the Excel file: 

Building archetypes: Three types of buildings are considered: single-family houses, multi-

family houses, and office buildings. Each archetype represents a distinct category of 

buildings commonly found in the study area. 

Climate zones and representative cities: The simulation covers five different climate zones. 

For each climate zone, five representative cities have been chosen: Athens, Madrid, Milan, 

Berlin, and Stockholm. These cities represent the varying climatic conditions within their 

respective climate zones. Energy use estimations take into account three different sets of 

weather conditions for each climate zone: present-day weather data, near-future (2030) 

weather data, and mid-future (2050) weather data. 

Construction walls: The simulation explores eleven different construction wall types. Each 

wall type has specific thermal characteristics and insulation properties that impact the 

building's energy performance. To compare the baseline simulations' results, several charts 

illustrate the energy calculations for each archetype across various climate zones. It is 

important to note that the baseline definition is based on the TABULA data tool (Table 3).  

Window types: Windows play a crucial role in the energy efficiency of a building, as they 

affect heat gain and loss. For baselines five different window types including single and double 



 

 

Document: Title “Report presenting proposal for new baselines for IWG targets” 

Author: EURAC Version:  

Reference: D2.3 Date  

 
 

24 
 

glazing with aluminium with/without thermal break, wood/vinyl frames are considered in 

building performance simulations.  

Roof constructions: Three different roof construction types are examined. Roof design 

significantly influences a building's heat retention and cooling needs. Since office geometry 

models prepared for parametric simulation are to be flexible for different sizes, all surfaces 

except the surface with a window are considered adiabatic. So, the roof in office buildings is 

assumed to be adiabatic. 

Infiltration rate and shading system: Two infiltration rates are studied, representing different 

airflow levels for leaky and medium buildings. Additionally, a shading system is considered, 

which is controlled based on solar vertical irradiation to manage solar heat gain. 

Heating system: The heating system used in the simulation is a gas boiler. Energy 

consumption for the heating system is measured for the whole building, providing a 

comprehensive view of its heating needs. 

 

The parametric simulation results (as mentioned in the Simulations KPIs section) include 

energy consumption in kWh per year, Energy Use Intensity (EUI) values in kWh/m2 per year, 

and energy consumption for domestic hot water. For multi-family houses, energy consumption 

for the heating system is given separately for each floor, providing insights into potential 

variations in energy usage within the building. 

For Multi-Family Houses (MFH) with more than three floors, a specific energy consumption 

rule has been applied to calculate the energy consumption for heating on the middle floor. The 

rule states that the energy consumption for heating on the middle floor should be multiplied by 

the number of additional floors in the building. 

The Excel file presents a comprehensive overview of the simulation results, allowing 

stakeholders to identify the most energy-efficient combinations of archetypes, construction 

elements, and climate zones. This information is vital for making informed decisions regarding 

energy-saving measures and optimizing building designs to reduce energy consumption and 

greenhouse gas emissions. All climate zones have been subjected to simulations, 

incorporating all possible building components. Users have the flexibility to explore and select 

alternative combinations that align with their project's specific conditions and requirements. 

a. Establishing baselines for building stock in European countries: simulation results 

The foundation for understanding and defining baselines in the building stock across 

European countries involves comprehensive simulations that estimate energy consumption in 

different building types. The results obtained from these simulations are presented through 

comparative bar charts, which highlight the energy consumption trends in single-family 

houses, multi-family houses, and office buildings across five distinct climate zones. These 

charts delineate variations in energy use across three weather condition scenarios, 

encompassing current situation, near-future (2030), and mid-future (2050) weather data. The 

comparison across climate zones enables an understanding of the specific challenges and 

potential variations in energy use based on geographical locations. It allows for a 

comprehensive assessment of the differences in energy consumption among the different 

building types, given the diverse weather conditions encountered in various climate zone. 
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Table 5Energy consumption for heating in SFH for the baselines 

 

Figure 4. Energy consumption per year for heating in SFH for the baselines 

 

Figure 5. Energy consumption per year for heating in MFH for the baselines 

In Figures 4 and 5, the energy consumption for single-family houses and multi-family houses 

is depicted across different climate zones and weather scenarios. Each figure separately 

illustrates the energy usage patterns for the specified building types, providing a clear 

breakdown based on climate zones and diverse weather data scenarios. Moreover, within 

each figure, the data is segregated based on the three distinct weather scenarios. This 

separation provides a comprehensive overview of how energy consumption patterns for 



 

 

Document: Title “Report presenting proposal for new baselines for IWG targets” 

Author: EURAC Version:  

Reference: D2.3 Date  

 
 

26 
 

single-family and multi-family houses will change regarding climate change in future. Figures 

6, 7, 8, and 9 present the same results focusing on energy consumption specifically for office 

buildings but with variations in window orientations. 

 

Figure 6. Energy consumption per year for heating in office buildings with north-faced window 

 

Figure 7.Energy consumption per year for heating in office buildings with east-faced window 
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Figure 8. Energy consumption per year for heating in office buildings with south-faced window 

 

 

Figure 9. Energy consumption per year for heating in office buildings with west-faced window 
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Given that cooling systems were not commonly used in older buildings, the findings display 

the cooling requirements (without any cooling systems) for 2020 and 2050 as follows. 

 

Figure 10. Cooling load per year in SFH considering the impact of climate change. 

 

Figure 11.Cooling load per year in MFH considering the impact of climate change. 
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Figure 12. Cooling load per year in office buildings considering the impact of climate change. 

The energy usage for domestic hot water in both residential and office buildings can be 

described as follows. 

Table 6. Energy consumption for domestic hot water 

 
Climate Zone 

DHW (kWh/m2) 

 2020 2030 2050 

SFH Climate zone 1 15.67 15.49 15.19 

SFH Climate zone 2 16.94 16.79 16.43 

SFH Climate zone 3 18.03 17.82 17.55 

SFH Climate zone 4 19.74 19.65 19.34 

SFH Climate zone 5 20.48 20.32 19.98 

MFH Climate zone 1 22.13 21.87 21.45 

MFH Climate zone 2 23.92 23.71 23.20 

MFH Climate zone 3 25.43 25.14 24.74 

MFH Climate zone 4 27.81 27.68 27.24 

MFH Climate zone 5 28.79 28.56 28.08 

Office buildings Climate zone 1 7.12 7.04 6.90 

Office buildings Climate zone 2 7.68 7.61 7.45 

Office buildings Climate zone 3 8.19 8.09 7.96 

Office buildings Climate zone 4 9.02 8.98 8.84 

Office buildings Climate zone 5 9.37 9.30 9.15 
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Conclusion 
 

This deliverable reports the technical overview of the more comprehensive work performed 

within the project IWG5 for defining baselines for renovation packages (deliverables D3.2) in 

the EU. The first step in defining the baselines involved the climate zone definition process, 

which facilitated the identification of climatic conditions and building stock consistency. This 

information was crucial for determining the most appropriate technologies and variants to be 

included in the renovation packages. In relation to the technologies, as outlined in the 

comprehensive analysis presented in the deliverable from Work Package 3, D3.2 thoroughly 

examines the key technical elements that a designer must consider while doing a renovation 

project. After defining archetypes, a comprehensive performance analysis was conducted in 

the European Union climate zone to offer an initial assessment of the energy consumption of 

existing buildings and the potential advantages of renovation packages in various contexts 

and for different building archetypes. This analysis facilitates a quick and all-encompassing 

estimation of the effects on existing buildings. Performing the parametric model simulations 

enables us to understand the various combinations of buildings and systems and the impacts 

resulting from the proposed renovation methods in D2.3, and choose the best suitable option 

based on many requirements. The analysis is mainly targeted to central and local authorities 

managing a territory governance to let them have a figure of the existing building performance 

to e.g. monitor the effect of policies or define subsidy schemes. Moreover, building asset 

managers could use these results or modelling architecture for planning renovation strategies 

in their portfolios. 

Designers and specialists that are planning a building refurbishment have access a huge 

amount of data. This can provide a summary of the existing building performance. In 

conclusion, this document can serve as a valuable resource during the conceptual design 

stage by offering a standardized overview of the technologies that will be used during 

renovation. In addition, it can help to estimate how those choices will affect the functioning of 

the building. 
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WP2 

D2.3 
ANNEX A  
 

Building envelope characteristics for SFH and MFH 

External walls 

  
  

U-Value 
(W/m2K) 

U-Value 
(W/m2K) 

Include the 
resistance of 

air film 

Layers 

WALL 1 2.8 1.92 Plaster Hollow block Gypsum      

WALL 2 2.4 1.72 Plaster 
Simple 
Concrete35cm 

Gypsum      

WALL 3 2 1.51 Plaster Hollow block Typical Air Wall Hollow block  Gypsum  

WALL 4 1.8 1.39 Plaster Clay brick35cm Gypsum      

WALL 5 1.6 1.27 Plaster 
Hollow clay 
brick 15 

Typical Air Wall  
Clay 
brick15cm 

Gypsum  

WALL 6 1.4 1.14 Plaster 
Hollow clay 
brick25cm 

Gypsum      

WALL 7 1.2 1.00 Plaster 
Hollow clay 
brick30cm 

Gypsum      

WALL 8 1 0.86 Plaster Insulation 3cm 
Simple 
Concrete35cm 

Gypsum    

WALL 9 0.9 0.78 Plaster 
Insulation 
3.5cm 

Simple 
Concrete25cm 

Gypsum 
   

WALL 10 0.8 0.71 Plaster Insulation 4cm Clay brick35cm Gypsum 
   

WALL 11 0.7 0.63 Plaster Insulation 4cm 
Hollow clay 
brick25cm 

Gypsum 
   

WALL 12 0.6 0.55 Plaster Insulation 4cm 
Hollow clay 
brick 15 

Typical Air 
Wall  

Clay 
brick15cm 

Gypsum 

Roofs 

  
U-Value 
(W/m2K) 

U-Value 
(W/m2K) 

Include the 
resistance 
of air film 

  

Layers 

  

ROOF1 2.85 1.94 Terracotta Solid wooden slab   

ROOF2 2.06 1.54 Terracotta Solid wooden slab Wood ceiling    

ROOF3 1.16 0.97 Terracotta IEAD Roof Insulation (3.5cm) 
reinforced 
concrete 

Gypsum 

ROOF4 0.69 0.62 Terracotta Insulation 4cm 
Solid wooden 
slab 

Wood ceiling  

ROOF5 0.38 0.36 Terracotta IEAD Roof Insulation (10cm) 
Reinforced 
concrete 

Wood ceiling  

ROOF6 0.27 0.26 Terracotta IEAD Roof Insulation (15cm) 
Reinforced 
concrete 

Wood ceiling  

ROOF7 0.2 0.19 
Metal Roof 
Surface 

Mineral wool insulation 
Solid wooden 
slab 

Gypsum 

Windows 

  
  

U-Value 
(W/m2K) 

U-Value 
(W/m2K) 

Include the 
resistance of air 

film 

Glass 
  

Frame 
  

Gap 
  

WINDOW1 5.02 2.72 Single 
Aluminum Without Thermal 
Break 

  

WINDOW2 4.50 2.56 Single Wood/Vinyl   
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WINDOW3 3.37 2.15 Double Aluminum With Thermal Break 13 mm Air 

WINDOW4 2.70 1.86 Double Wood/Vinyl 13 mm Argon 

WINDOW5 2.42 1.72 Double Insulated Fiberglass/ Vinyl 13 mm Argon 

 

 

ANNEX B  
 

Building envelope characteristics for Office buildings 

External walls 

  
  

U-Value 
(W/m2K) 

U-Value 
(W/m2K) 

Include the 
resistance of 

air film 

Layers 

WALL 1 2.93 1.98 Plaster Simple Concrete25cm Gypsum 
 

WALL 2 2.4 1.72 Plaster Simple Concrete35cm Gypsum 
 

WALL 3 0.9 0.78 Plaster Insulation 3.5cm Simple Concrete25cm Gypsum 

WALL 4 0.84 0.74 Plaster Insulation 3.5cm Simple Concrete35cm Gypsum 

WALL 5 0.5 0.46 Plaster Insulation 7cm Simple Concrete25cm Gypsum 

Windows 

  
  

U-Value 
(W/m2K) 

U-Value 
(W/m2K) 

Include the 
resistance of 

air film 

Glass 
  

Frame 
  

Gap 
  

WINDOW1 5.02 2.72 Single Aluminum Without Thermal Break   

WINDOW2 4.50 2.56 Single Wood/Vinyl   

WINDOW3 3.37 2.15 Double Aluminum With Thermal Break 13 mm Air 

WINDOW4 2.70 1.86 Double Wood/Vinyl 13 mm Argon 

WINDOW5 2.42 1.72 Double Insulated Fiberglass/ Vinyl 13 mm Argon 

 


