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1. INTRODUCTION

This deliverable aims to disseminate the project's findings and results through established and
reputable online platforms. Passipedia, the wiki-based resource of the International Passive
House Association (iPHA), will be a primary channel for publishing these articles. This will
ensure that the project's innovative retrofit concepts and results reach a wide and relevant
audience within the Passive House and sustainable building community.

By leveraging Passipedia's extensive reach and credibility, the OutPHit project will showcase
its in-depth research, case studies and successful implementations. This will not only increase
the visibility of the project's achievements, but also ensure the long-term sustainability and
continued relevance of its findings. In addition to Passipedia, other relevant platforms may be
used to maximise the dissemination and impact of the articles.

In addition, the existing Passive House database will be expanded to include detailed data on
the refurbishment systems used, certifications achieved, financial support and performance
monitoring results. This will provide a comprehensive resource for stakeholders seeking to
understand and replicate the successful strategies used in the OutPHit project.

This deliverable is a detailed report summarising all published articles, including screenshots,
the number of people reached, and the names of the platforms involved. This report will
provide a thorough overview of the dissemination efforts and their effectiveness in promoting
the project's innovative and cost-effective renovation approaches.



2. ARTICLES
2.1. ARTICLE 1 - PASSIVE COOLING

Summary: Passive cooling in buildings aims to minimize internal and solar heat gains while
using ventilation when outside temperatures are cooler to naturally regulate indoor
temperatures. Key strategies include careful building orientation, shading, insulation, and
ventilation design. Shading through architectural features, low-g-value windows, and external
movable elements like shutters can significantly reduce solar heat gain. Internal heat sources
should be minimized by choosing efficient building equipment, including LED lighting and low-
heat-emission appliances. Effective ventilation, especially at night, is crucial for passive
cooling. This requires bypass systems in ventilation units to allow cool outside air to enter
directly, or passive measures such as cross-ventilation by opening windows. Mechanical night
ventilation can be used where open windows are impractical but requires careful planning to
optimize energy use.

Additional measures like thermal insulation, thermal mass, and reflective or light-coloured
exterior surfaces further aid in passive cooling. Insulation reduces heat transfer from hot
exteriors, while thermal mass absorbs and releases heat gradually, damping indoor
temperature peaks. Light-coloured surfaces reduce solar absorption, which can be further
enhanced by reflective coatings, and greenery provides both shade and evaporative cooling,
aiding comfort and reducing the urban heat island effect. These design elements, particularly
when adapted from traditional warm-climate architectures, support a climate-friendly, low-
energy approach to maintaining summer comfort in buildings.

Screenshot:
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Passive cooling

Passive cooling

Atemperature ncrease in 3 buiding is caused by net heat gains. The very first principle of passive
cooling is therefore to reduce all potential heat sources, =g solar heat gains and intemal heat
sources. When the femperstur rises above the comfort level, the only effective way to remove the
excess heat is passively, via ventiation at times when the outside temperature is sufficiently low.

. Keep the heat
.. outside!

Through clever buikding design, summer comfort can be significantly influenced and impraved. This
article provides = brisf overview of thie most imporiant aspects of passive cooling that shoukd be
carefully and realistically cansidered during the planning phase. More detsiled information is
availstle in the guide " Summer comfart in passive houses”

In short

The buiking design lays the foundations for high summer comfort The follswing
is important for use

During the day : shade down and windows elosed! Basic ventilation via ventilation system Summer
£t night - windows spen! Al sxchange 2z high and long 2= passisie (open fuly, eross

venilztion).

Impertant: It is net ahuays possible or sensible to rely on passive measures alone to ensure summer comfart, becaus the “seoling capadity’ of these passive measures is Emited. Itis not
expedient to make an overarching planning gosl of far=gaing active cooling. Buildings with aciive cooling can alsa b buit in  climate-friendly manner with very low ensrgy cansumptian.
The passive measures described in this article help to keep the useful cogling requirement and cooling loads low.

Low solar heat lcads

The orientation of the buiiding and the size of the glazed areas are absolutely central design decisions that influsncs both winter snd summer comfort. The effectiv solar spenure proves to
be the most important factor influencing summar comfort alengside ventistion. For high summer comfort, it is important that solar radiation and the associated heat input are reducad or
controlled. Vertical south erientations sre far more favorable in summer than, for example, east or wast orientations. The glazing area (and erientation) should be carefully avaluated in ordar
to find the optimum between the degres of utiization of dayfight, favorable selar gains in winter and the aveidance of high leads in summer. In addition, selsr radiation in summer can be
influsnced by the following measures:

= Shading from the environment and the building design: The natural and structural envirenmant, such as neiphbering buikdings, trees or mountain ranges, determings the basic
shading of the building. {Gaution: Shading from the environmant can change, so careful assumptions should be mads in this regard when planning the building.) The amount of solar
gain can be influenced sensibly by details in the buiiding design, for example, overhangs on the south facade are effective at interoepting solar gain from the high sun in summer. The
3D Sketehlp plugin &) designPH supgorts the analysis of complex shading situations .

= Low g-value of the glazing: The lower the g-value of the glazing, the lower the solar radiation input through the window - but al year round. Due 1o the impact on heating demand,
low g-uzlues are only recommendad as a strategy for summar comfort for risk areas.

- Movable shading elements: Extzma! tmporary shading such as varticsl slats. roller blinds. swnings or shutters provide vary sffective protection against zolar radiation and is ane
of the key passive measures for high summer comfort Various products and selutions are now suzilable on the market Iniemal movsble shading is less sfective because the solar
radiation has akeady penetrated the buikiing. However, it is important that it s used at the right time (risk of user behavior!). In non-residential buildings, sutomatic centrol can help
Tips for the user, e.g. via 3 user manual, can also help to ensure that shading is used well



Link to article:
https://passipedia.de/grundlagen/sommerfall/passive kuehlung

2.2. ARTICLE 2 - RISK ANALYSIS: ROBUST PLANNING FOR HIGH SUMMER COMFORT

Summary: In buildings without active cooling, controlling overheating is essential to ensure
summer comfort. Effective planning is critical; using calculations to assess potential
overheating allows architects and engineers to design with resilience in mind. However, real-
world use, like occupant behaviour with shading and ventilation, can vary from design

assumptions, and future climate change increases the likelihood of warmer, more frequent
heat waves.

To address these uncertainties, the PHPP software includes a "summer comfort stress test"
that simulates different scenarios of user behaviour and weather patterns. By adjusting
variables such as window ventilation, shading use, internal heat sources, and outdoor
temperature, the stress test predicts overheating risks, guiding adjustments in window size,
shading, or ventilation to improve resilience. The goal is for all test variants to remain below

the 10% overheating threshold; however, active cooling might still be needed in high-risk
cases, like elderly housing.

Moreover, PHPP provides a simplified climate adjustment feature to account for
microclimates, such as urban heat islands, and projected climate change effects. Clear
documentation and guidance for occupants on optimal summer comfort practices, such as

shading use and night ventilation, can also help maintain comfort and support the building’s
passive cooling strategy.

Screenshot:
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Risk analysis: Robust planning for high summer comfort

In buildings without active cooing, the frequency of overneating provides informaton about the summer comfort achieved . In arder 2 sucosssfully imit this, the planning of a building is panticularly mponant:

With the help of cakculstions, it can be snsured that the temperstures in the bulding re in  comfortable and healthy range even in summer.

r exsmple. the behavior of 62cupants o users will srongly

However, the constraints used to calculate summer camfort during the design phase for a typical use may be different for sctual bu
il and th level of intern

the pr int d longer heat
waves 12 1o be expemied 1 the fuiwre,

Arisk an stress testing is tharsfore sbsolutsly essental for 2 robust strategy for summer comfort. Such a sirass testin the design phase provides important fasdback and 2 better undarstanding of the risk factors for o

ing werheating and thus leads to mere robust and resiient designs. Such 3
stress test s incegrated into the PHPF planning teol from version 10 onwards: h shows the calculated overtemgsrature frequency for various possible (u

) scenarios during the planning process.
Summer comfort stress test in PHPP

The overhezting fraquency s calculated in the PHPP based on the informaton enterzd. The resultis thersfors the EXpectss aVErage 1EmpEratures throughout the bLIKING UNAS! the raSpECtvs boURJary CONGIoNS 2nd BSSUMPEORS &ntered in the PHPP. To betier understand the risk of potentisl overneating
fraquency under 2 range of likely less faveurstle oundary eendiions, the PHFF includes 2 sre-set summer comfont ‘siress test. Ey ealeulating summer comfortin paralisl for § addiienl varianis, each with difersnt assumptiens en summer westher and user interastion, the sirsss test prevides valuabie
feedback on the potental risk of ouetheating. beyond the mai resu of the PHPP. It 3lso helps to betier Understand the causes of patential averneating, thus leading to mare robust and resilent design decisions regarding summer comfort (se Figure 1)

Ifthe siress tast resuls shaw 2 high frequency of overhesting, couniermezsurss should be t3ken, 2.2, smaller glazing aress, adjustsd window erieniation, mare shading 2nd/or imeroved niant ventiaion concer. Idealy, the Buiding should b planned se that 2l varianis of the stress tes: have 20
‘overheating frequency beiow the passive house certfication Imit of 10% (recommendation <5%). However, this will ot always be possible and wil not always be necessary. The assessment of the overheating risk must be analyzed in the context of the respective praject. For vulnerable resigents (e.0. in 2

reirement home) or far uniknown and very mixed users (2.3 tenants in an aparment building), it is much mare impartan to be able te refisbly guarantee summer comfor: than, for example, for 2 srivate single-family home with garden aceess. If summer comfortis on shaky ground, then aciive cesling
‘should be pianned

The relevant influencing parameters are considered bath individuslly and in Gombination in the preset PHPP stress test. 35 summarzed in Table 1

s for the p 25t PHEE.

d with isk, th sed
olznations of the 2ssumptions of tne stress tes are documented in tne [FHFF Manual]

Combin: Temporary Internal Weather |
stress test window ventilation shading heatsources |  Climate
influence of use
gasic = Winter = Winter
‘summer ventiistion through windows | air exchange air exchange
Addiionz| windew wentiztion S0 oh-t
atnight 1 §
inene)
Reduction factor forthe | sutomatic: 80% . 0%
use oftemporary | manuak T0% (nong)
shading
Intemal heat sources 126% - . 200%
climate influence
temperature rise in +15K B . - +20K
* Airchange rate at nperature,

Link to article:
https://passipedia.de/grundlagen/sommerfall/risikoanalyse_sommerkomfort



https://passipedia.de/grundlagen/sommerfall/passive_kuehlung
https://passipedia.de/grundlagen/sommerfall/risikoanalyse_sommerkomfort

2.3. ARTICLE 3 - THERMAL IMAGING IS ESSENTIAL FOR CONSUMERS, BUSINESSES, AND
MUNICIPALITIES

Summary: To meet international climate goals, Europe’s building stock must achieve climate
neutrality by 2050. However, the current pace of retrofitting falls far short of what's needed
to meet this target. Accelerating the retrofitting process and increasing renovation rates
across Europe is now a critical priority. Within the outPHit project, we are focusing on finding
retrofitting solutions that are not only faster and easier but also more cost-effective. In recent
years, significant progress has been made in developing innovative retrofitting approaches,
particularly through the use of prefabrication and streamlined processes that enhance
efficiency. Additionally, digitalization in the building sector has emerged as a key factor in
reducing costs and speeding up renovations. SaaS applications and digital tools, such as
InfraredPlatform.com, play an essential role in raising awareness among building owners,
encouraging them to upgrade their properties and embrace the outPHit standard. Through
these advances, we are one step closer to achieving our climate goals. Thermal imaging, or
heat scans, is an essential tool in the energy transition, raising awareness about energy
efficiency for consumers, businesses, and municipalities. In the outPHit project, large-scale
thermal imaging of approximately 5,000 residential homes was conducted across several
Dutch municipalities to encourage sustainability efforts. This innovative approach, supported
by digital tools like InfraredPlatform.com, effectively visualizes energy loss, prompting action
for better insulation and energy-saving measures. The process has proven successful,
increasing public engagement, motivating energy efficiency improvements, and aligning with
broader sustainability goals.

Screenshot:
Thermal Imaging is essential for Consumers, Businesses, and ™
Municipalities
Introduction

Themal imaging. or heat scans, is  powerful tool in the energy ransiton. It
offers numerous benefits for consumers, businesses, and municipalities. These
scans are crucial in creating awareness, a vital step in the energy efficiency
process, and ensuring qualty sssurance after implementing energy efficiency
measures.

In the European outFHit () https //outphit.eu) project, thermal imaging was
brought to the attention of several municipalities within the Netherlands, with
different thermal imaging sean operations (in Dutch: Warmtesean) of residential
houses. The main gol was to create awareness, hoping that residents would
act to make their homes mere comfortable and sustanable. These ‘hest scan’
sctivities were apphied on a larger scale for approximately 5000 residentisl
homes. Helpful tools and digitalisation are essential for thermal imaging cn &

. 3 large scale, which was achievad with the SaaS applieation on
WPt infraredpiatorm.com, which warmtescan.nl used in the Netheriands.

Figare 1: Renovasad Sarial hauses in Grese Palder =] From the cutPHt pilot renouation project in the Natharlands, there are some
themal images of the renovation of the Goese Pelder project in Goes,
demonstrating what & successful deep rencvation looks ke in themal imaging.

Below, we explore why conducting therms| imaging is valusblz, focusing an short-term and long-erm impacts,

Creating Awareness and Insight

Thermal imaging is 3 procsss that helps consumers and businesses gain a clear understanding of the current insulstion status of their property. This
awareness is crucial because many pecple mistakenly believe their homes or buildings are akeady well-nsulated. Thermal imaging:

= Visualizes Energy Loss: Heat seans vividly highlight roblematic areas. such as poorly insulated walls o windows, or themmal bridges. making
anergy loss visible.

= Increases Awsreness: Resesrch has shown that thermal imaging significantly incresses homecwners’ awareness of the need for ensrgy
afficiency improvements.

- Triggers Action: Seeing concrete areas of heat loss motivates residents and businesses 1o take comeciive measures.

A study by the University of Groningen found that homeowners who racerved a thermal imaging report were up o 500% more aware of their home's
insulztion needs than those who did not.

Motivating Energy Efficiency Improvements

Beyond creating awarenass, thermal imaging actively motivares consumers, businesses, and municipalities to take tangible steps
towsrds energy fficiency. This mafivation aczurs on both short-term and long-term scales. Short-term

= ldenifying Quick Wins: Thermal imaging makes it easy to spot immediately actienable improvements, such as replacing single-pane
windows with HR ++ glass.
= Providing Conerete Action Steps: Thermal imaging repants offer clear ians that are easy to undes and implement

Link to article:
https://passipedia.org/planning/tools/thermal image



https://passipedia.org/planning/tools/thermal_image

2.4. ARTICLE 4 - PV ECONOMY EVALUATION

Summary: The "PV Economy Evaluation" tool developed by Fabian Ochs, Georgios
Dermentzis, Berthold Kaufmann, and Jan Steiger focuses on evaluating the economic viability
of photovoltaic (PV) systems in residential buildings by assessing self-consumption, storage
potential, and the financial returns from selling excess energy to the grid.

Key Aspects of the PV Economy Evaluation:

1. Energy Demand and PV Production Analysis: PV production fluctuates seasonally, with
limited generation during winter when heating demand peaks. This “winter gap” requires
additional grid energy, though annual PV production can offset energy costs in efficient
buildings like Passive Houses. Using the Passive House Planning Package (PHPP), the tool
calculates both the building’s energy demand and PV yield with monthly accuracy.

2. Detailed Monthly Energy Demand with PVecon: PVecon, an add-on to PHPP, splits the
building’s annual energy demand for heating, hot water, and household appliances into
monthly demands. It simulates monthly PV vyield based on system orientation and
specifications, providing insight into the extent to which PV production meets monthly energy
needs.

3. PV Self-Consumption and Storage Potential: PVecon calculates how much PV-generated
electricity is used on-site versus sold to the grid. By simulating different storage sizes, it
determines optimal battery capacities to maximize self-consumption and minimize grid
dependence. Recommended storage sizes vary by building energy consumption and PV
system capacity.

4. Economic Analysis of PV Implementation: PVecon includes fields for economic input (PV
system and storage costs, funding, electricity prices) and supports 10 financial variants. It
calculates economic feasibility, helping users understand the cost-benefit of PV installation
and storage under different scenarios. Energy cost reductions from self-consumption enhance
the economic attractiveness of PV systems, especially in regions with high energy prices.

5. Limitations: Currently, PVecon focuses on residential buildings and does not support energy
storage in electric vehicles or energy use for cooling. These limitations restrict its application
to residential buildings without cooling systems.

In summary, the PV Economy Evaluation tool provides valuable insights into the economic
potential of PV systems by assessing self-consumption and storage feasibility. Through
seasonal analysis and economic evaluation, it enables users to make informed decisions on
the optimal PV setup for residential buildings, encouraging investments in PV as a sustainable
and cost-effective energy source.

Screenshot:



Teble af Contante
PV Economy Evaluation P Econceny Evsbusion

ion

Autor: Fabian Ochs, Georgios Dermentzis, Berthold Kaufmann, Jan Steiger

Introduction

The implementation of renswable enengy sources plays a crucial role in increasing the energy efiiciency of PHP#
buildings. However the evaluaton of the possibility to directly use or store the gains within the building or sll the
gains to = public grid is tricky, as these concapts depend on the energy demand of the building and the ciimate of
the location cansiderably. Besides mere financial considerations. the abiity to use or store PV energy within the
building is alse relevant for the future energy supply, when the energy storage within buildings will and the prices
and funding for selling PV electricity or own use vary greatiy from country to country. This tool to assess PV sei-
consumption potential of 2 buikding, the possibility to improve the seif-consumpticn rati by t2mparary storing PV
elzctricity within a buiding, and supports to evaluste the economic petential of seling PV to the grid. It allows the
user to receive information to which xtend RES implementation makes sznse to supply the buikding with enzrgy.
and) if the revenues of the P\ eleciricity sither savad or sold 1o the grid can compansate or excesd the
investment costs.

Energy Balance of Energy Demand and PV Energy Production

For the assessment how much PV energy oan be used within a building. a simpiz energy balance of annual
enargy demand and annual energy production will not lead to reasonabie results regarding the potential to cover
the buidings energy demand with renewables generated by the buikding nor inform how much energy can stil be
sold to the grid. This is duz 1o the winter gap that is ereated by the high hesting demand and low PV production in
the winter. During the heating season, even very fiicient buikiings / renovations may have to use energy from the
qnid to cover the demand, especizlly of the heating, even if. on an annual balance, the buildings may be atke to
compensate the ekectricity demand with the energy ganerated by the implemented FV system:

+ Lileralue
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Figure 1: Winter Gap demonstated by manthly slectii

y demand and PV production for an EnesPHit &3
builéing [Heating demand of 25 KWhi(ms]} with 40 PV pansls on the roaf and 14 panels in the south
facade

The Passiue House Planning Fackage [PHFF) allows to very rekably calculats the enzrgy demand of buiding projects. especially very
efficiant projects like Passive Houses, EnerPHit renovations or NZEBs. In the Passive House Planning Packsge, both, PV electriciy
generation and the energy demand for heating, domestic hot water (DHIW), auxiliary electricity and housshold electricity. can be very refizbly
caleulated, 25 could be demonstratad in various new-buit Passive Houses of desp renovation projects, described for example on
Fassipedia: §) PHPF - Passive House Flanning Package

Link to article:
https://passipedia.org/eu_projects publications/pv_economy_evaluation

2.5. ARTICLE 5 - MEET - MANUFACTURING ENERGY EVALUATION TOOL

Summary: The article provides a detailed analysis of energy demand and CO2 emissions
related to building materials and retrofitting, particularly within the framework of the outPHit
project. It emphasizes the importance of life cycle assessments (LCAs) for buildings, which
evaluate both the energy used during material manufacturing and the energy consumed
during the building's operation. Adhering to standards such as ISO 14025 and EN 15978, the
article considers all phases of a building's life cycle, from production through to disposal. In
addition, the article explores the energy efficiency of various insulation materials, including
EPS, cellulose, and straw, weighing their embodied energy against operational energy savings.
It highlights that while some materials may require more energy upfront, their long-term
benefits can be significant.

Screenshot:
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Fig. 1: Resulis af MEET in the wankeheat BALANCE

Free Download® the &) Manufacturing Energy Evaluation Tool 2 (MEET 2 bata) | Free Download® the ) outPHit Manufacturing Energy Evaluation Tool (MEET)

“Mote: The download fink will tzke you fo the Passive House Portal, whers you need to Jogin in order to access the fools. Login defads fo the datsbase may differ from your membership
login details to Passipedia. Flease &) sign up fo the Passive House Porfal in sase you don't yet have an account Regisiration fo the Passive House Porfal is fres and can be sanceled at
any ime. in cass of g ions confact nfoi@, freh int: tional org

The manufacturing energy influences the overall ensngy balance of 3 building. The Manufacturing Emergy Evaluation Tool (MEET) wias developed to

evaluate the potential energy expenditures and greenhouse gas emissions (in GO, equivalents) that anse during the production of building materials and youi
compenents, and to compare these with the operational energy of a building. This allows for a comprehensive analysis of both energy forms —
manufacturing and operstional — within a single tool. i mdioicn

nayy rethod ssergie wol
MEET thersby is an essential tool for 3 holistic lifzcycle assessment of 3 building's energy efficiency. [t supports planners and architscts in making welk
informed decisions that consider both manufacturing and operational energy. It alse demonstrates that a marginally higher manufacturing energy for -
products with superior thermal insulation quakties can be advantageous, as these products frequently result in substantial ensrgy savings during =
aperation. In practice, it is often shown that operational energy has 3 more decisive impact on the overall enargy balance of 3 building.

For maore informatien on the calculation methods, please refer to this Passipedia page and the attached report {or click on the image to the right).

MEET: Manufacturing Energy Evaluation Tool

The tool is, akeng with the report, is availsble for download above. It is 3 standalone tocl that provides a comprehensive evaluation of the manufacturing
energy and the greenhouse gas potential of building materials. Simultaneously, it also approximates the eperational energy of the building. It assists in the assessment and comparison of:

= Individual materials

= Window components and opague assemblies
= Entire buildings under specific climatic conditions

MEET 2: Next Generation of the Tool (beta)

With the introduction of the second version, the tool now offers enhanced functionality and a direct connection to the Passive House Planning Package (PHPP). Specifically, this means:

= User-Friendly Material Selection: The material input has been improved through an extensive building material list and a filtering mechanism. Additionally, the input for windows

Link to article:
https://passipedia.org/planning/tools/manufacturing_energy evaluation_tool

2.6. ARTICLE 6 - DESICION MAKING SUPPORT TOOL

Summary: The DeSuTO (Decision Support Tool) is designed to enhance the energy efficiency
of building renovations, particularly through the use of prefabricated fagade elements. With
a focus on sustainable renovation practices and industrial prefabrication, the tool aims to
streamline the renovation process by providing efficient solutions for facade systems.
Prefabricated facades can reduce installation time and costs, though their high initial
investment can be offset by significant energy savings over time. The tool is intended to
support architects, planners, and building owners in making informed decisions by offering a
conceptual renovation approach based on assessments of existing buildings. The
development of DeSuTO involves creating a software tool that integrates a database of facade
systems with a structured question catalogue. This catalogue helps users build accurate
models of their refurbishment projects. The tool uses a tree structure of questions to gather
necessary information, supplemented by statistical data from the TABULA database, which
includes detailed information on building types, construction specifics, and energy efficiency.
The tool's design allows for future updates and expansion, with data stored in a machine-


https://passipedia.org/planning/tools/manufacturing_energy_evaluation_tool

processable format to facilitate ongoing improvements and statistical analysis. Programming
for DeSuTO was carried out using Python, leveraging its extensive libraries and frameworks
such as Flask and Pandas. This ensures flexibility and efficiency in handling data and user
inputs. However, the current version of DeSuTO is limited to single-user operation and does
not yet address multi-user scenarios or incorporate social and sustainability criteria. Future
developments should focus on these areas to provide a more comprehensive and inclusive
decision support system for building renovations.

Screenshot:

Tabis ot contants
Decision Support Tool o

Autnar: Sascha Hammes

Decision support tools play 2 kzymie in heiping players such as architeats, specislist planners hop: and building owners in th i identiy and propose the itab from the y
of systems, depending on the given requirements, e g, buikiing typoiogy, climate and degree of utizatio
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Link to article:
https://passipedia.de/planung/tools/outphit_decision support_tool

Link to tool:
https://desuto.outphit.eu/

2.7. ARTICLE 7 - GROUND TUBES

Summary: The article outlines the use of ground tubes and district heating as key components
for sustainable energy in the context of the outPHit project. The approach focuses on
harnessing renewable energy sources, such as excess summer electricity from photovoltaic
(PV) and wind, converting it for storage as liquid or gas for winter use. It highlights the
effectiveness of using district heating networks to distribute heat from renewable energy
systems, including combined heat and power (CHP) plants, to surrounding buildings.

Key elements covered include:

1. Heat Distribution and Losses: The document emphasizes the importance of minimizing heat
loss in distribution networks, especially when supplying heat to Passive House and EnerPHit
standard buildings, which have low energy needs. Insulation quality, pipe length, and
optimized design are critical for efficient energy distribution, with a recommendation for
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specific network lengths below 6 meters per unit. An Excel tool assists users in calculating
network losses, which can be integrated into the Passive House Planning Package (PHPP) to
assess primary energy input.

2. Cold District Heating: Low-temperature district heating, termed “cold local district heating,”
significantly reduces distribution losses by maintaining pipe temperatures around 15°C. Heat
pumps within each residential unit then raise temperatures for heating and domestic hot
water, leveraging efficient heat sources such as ground probes or waste heat. This system
benefits from high efficiency and reduced heat loss while supporting future renewable energy
integration.

3. Efficiency and Economic Considerations: The report compares multiple distribution
scenarios, showing that reduced feed temperatures, increased housing density, and enhanced
pipe insulation can improve network efficiency up to 80%. Additionally, while central systems
face higher heat losses, decentralized systems with individual heat pumps reduce these losses.
However, this shift also impacts investment costs, requiring economic analysis to balance
efficiency with capital expenditure.

The document thus provides a foundation for using district heating networks in sustainable
building renovation, contributing to energy efficiency while addressing investment and
operational challenges.
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Link to article:

https://passipedia.org/planning/building_services/heating and dhw/groundtubes

2.8. ARTICLE 8 — AIRTHIGHTNESS DURING RENOVATION

Summary: The article by Sgren Peper emphasizes the significance of airtight building
envelopes in energy-efficient renovations, especially under the Passive House (EnerPHit)
standards. Airtightness is essential to prevent energy loss, structural damage, and indoor air
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quality issues while ensuring comfort by avoiding drafts and cold spots. For Passive Houses,
airtightness should not exceed an n50 value of 0.6 h™", and for renovations with passive
components, the n50 value must be below 1.0 h™'. Peper highlights that the energy demands
of buildings increase significantly if airtightness is compromised. A comparative analysis shows
that a passive house with lower airtightness (n50=3.0 h™") would see its energy demand
double. Data from the Passive House Institute (PHI) project database show that EnerPHit
standards for airtightness (n50 < 1.0 h™") are generally achievable in practice. For renovations,
various airtightness strategies are suggested depending on the scope and specifics of the
project:

1. Interior Reinforcement: Strengthening interior plaster layers, with attention to
electrical, window, and stairwell sealing, suitable for larger renovations.

2. Exterior Strengthening: Reinforcing external plaster prior to adding external
insulation, ideal for occupied buildings.

3. Integrated Airtight Layers in Pre-wall Modules: A modular approach in cases where
scaffolding is impractical, with pre-installed airtight layers to reduce on-site work.

Finally, the document provides a decision matrix to guide airtightness methods based on
renovation needs and building conditions, helping to ensure energy efficiency and structural
integrity in retrofitted buildings.
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Figure 1- Heating demand of identical buildings with varying air tightness [Peper 2024]. &7

Link to article:
https://passipedia.de/planung/luftdichtheit/luftdichtheit bei der sanierung
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2.9. ARTICLE 9 — QUALITY ASSSURANCE DURING (SERIAL) RENOVATION

Summary: The article on quality assurance (QA) for serial renovations outlines key lessons and
recommendations for ensuring optimal performance and durability in retrofit projects,
particularly in alignment with Passive House principles.

1. QA During the Planning Phase: This involves careful design and planning of the thermal and
airtight building envelope to minimize gaps and thermal bridges. Specific attention is given to
areas such as cellar insulation, roof seals, and transitions in facade elements. Optimization of
facade components includes positioning windows effectively, minimizing structural weight,
and ensuring airtight connections to reduce sound and odour transmission. Planning
ventilation ducts to accommodate various apartment layouts is also essential to enhance
installation efficiency and tenant satisfaction.

2. Execution Lessons and Real-world Examples: Practical experiences show common issues
such as poorly insulated anchor points, inadequate window installations, and the importance
of testing thermal bridge impacts. The use of flexible insulation materials has been found
effective in accommodating wall irregularities in prefab installations.

3. Factory and On-site QA: Prefabricated elements should undergo factory checks for
airtightness and insulation completeness. On-site QA focuses on ensuring proper sealing of
joints, thorough filling of cavities, and immediate repairs to maintain airtightness. It’s critical
to protect elements from environmental factors during installation.

4. Project-specific QA Insights: The document emphasizes piloting QA processes with one
building before large-scale implementation and highlights the need for multiple measurement
checks of fagades. Practical challenges include addressing unexpected misalignments from
automated scans to prevent costly installation errors.

Effective QA measures in serial renovations not only reduce heat loss and improve building
performance but also increase project efficiency and reliability, setting a solid foundation for
sustainable, energy-efficient building retrofits.

Screenshot:
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Link to article:
https://passipedia.org/construction/quality assurance/measure serial renovation

2.10. ARTICLE 10 — VENTILATION DUCTS WITHIN THE INSULATION LAYER

Summary: When installing ventilation systems with heat recovery in older buildings, placing
the ducts outside, within the insulation layer, can reduce disruption within occupied flats and
improve thermal management. This setup allows ducts to be installed on the building’s
exterior walls, covered by thermal insulation, and sometimes even prefabricated for
efficiency. However, ducts installed in this way experience additional heat losses, affecting
both transmission and ventilation performance.

The ventilation ducts, installed within the insulation layer, involve three main temperatures:
the room temperature, the external air temperature, and the air temperature within the
ducts. As air travels from inside to outside, it cools, impacting heat recovery efficiency and
resulting in temperature changes when supply air re-enters the building. By carefully analysing
heat flows, the additional heat loss can be quantified to better understand its effect on overall
building efficiency. These detailed calculations were integrated into a spreadsheet tool,
allowing precise heat loss assessments and optimized placement of ducts within the insulation
layer, thereby improving thermal efficiency in retrofitted buildings.
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Link to article:
https://passipedia.org/planning/building services/ventilation/ventilationdusts

2.11. ARTICLE 11 — FACADE INTEGRATED VENTILATION

Summary: The outPHit project explored multiple methods for integrating ventilation units
into building fagades during energy-efficient renovations, with particular attention to space-
saving, ease of maintenance, and minimizing interior work in occupied apartments.
Integrating ventilation systems into the building's exterior, such as near windows or within
core-drilled wall holes, offers significant advantages. These placements reduce the interior
footprint of the units, streamline maintenance (especially in rental properties where interior
access is challenging), and enhance installation efficiency through prefabricated frames.

1. Facade Ventilation Near Windows: This approach positions units beside or below windows
in newly insulated fagades, saving indoor space and enabling swift installation. Air ducts can
be pre-installed within the insulation layer, distributing fresh and exhaust air without
extensive interior work. This method was showcased in a prototype at the International
Passive House Conference.

2. Core Hole Installation: For buildings where window placement constraints exist, a cylindrical
core-drilled hole offers an alternative, allowing a counter-flow heat exchanger to fit into a
round opening. Different geometries maximize heat exchanger surface area for efficiency
while preserving the building’s structural integrity.

3. Prototyping and Quality Assurance: Prototypes of these ventilation systems were
developed for testing, and tools were created to aid in planning and ensure quality control.
Installation adjacent to windows is preferable for projects involving extensive exterior
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insulation and window upgrades, while core hole installations provide a retrofit option for
already-insulated buildings.

The document highlights that each installation approach’s feasibility should be evaluated
based on site-specific conditions, considering both cost-effectiveness and structural
requirements.
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Link to article:
https://passipedia.org/planning/building_services/ventilation/facade_integration_of ven

tilation units

2.12. ARTICLE 12 — ENERPHIT RENOVATIONS: HIGHLY EFFICIENT RENOVATION AS A
SOCIAL NO-REGRET MEASURE

Summary: The path to achieving climate-friendly building stock is essential to international
climate goals. Germany, through its Federal Climate Protection Act, aims for net greenhouse
gas neutrality by 2045. The urgency of reducing fossil fuel dependence extends beyond
climate protection; recent geopolitical events, such as the Russian gas crisis, highlight risks to
supply security, economic stability, and national autonomy. Thus, maintaining low
greenhouse gas emissions and pursuing climate neutrality are key priorities.

Achieving these objectives involves expanding renewable energy sources and significantly
enhancing building energy efficiency. For instance, meeting Passive House standards in new
builds and using EnerPHit components for renovations can slash heating requirements by a
factor of four. Importantly, aligning upgrades with natural renovation cycles can control costs
while improving energy efficiency, ensuring quality, and making high-efficiency buildings
economically feasible.

Passive House and EnerPHit renovations not only reduce energy needs but also prevent over-
reliance on renewable energy imports, which would be costly and logistically challenging.
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Renovated buildings also reduce strain on energy grids and improve overall energy efficiency
by reducing seasonal heating loads. As a result, fewer infrastructure adjustments are needed,
cutting down the need for expansive wind and solar power investments.

By pursuing energy efficiency in alignment with the EnerPHit standard, countries can reduce
their long-term energy demands, secure greater energy independence, and gain economic
resilience in a climate-neutral energy system.
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framework and objectives

In the coming decades, the building stock worldwide will have to change so that it is compatible with a cimate-friendly ensrgy system. Many countries
have signed cormesponding declarations of intent. In Garmany, for example, there is the Federal Climate Protaction Act, which requires net greenhouss
s neutrality by 2045. At EU level, the ETS-2 provides that from the first half of the 20405 onwards, no mose CO2 will be issusd for the

cannctae
marketing of fuels. In arder to comply with the intemationally binding Paris Climate Agreement of 2015, accerding to which global warming shouid e
limited to well below 2 degrees. an even faster pace would be required. In the long term, nst greenhouse gas neutrality will definftely have to be
achieved

A country is well advisad to actively reduce its consumption of fossil fuels for rezsons other than elimate protection. As the example of Russian natural
gas shawed again in 2022, concarns about security of suply. political blsckmail and economically problematic cost fluctuations are by no means
unfounded.

Keep remaining greenhouse gas emissions low

Regardless of whether climatz neutrslity in the buikding sestor can realistically be achieved by 2048, 2050 o only by 2070, all efforts must be directed towards keeping cumulatve COZ

as low as possiblz by then, 50 that any remaining emissions ideally remain below the stil auilable emissions busget
amizsices

In theery, there are many different ways to achieve the goal of greenhouss gas neunaity. An indispensable component is, of coursz, the generation of ranewable energy; simiarly imponiant
areas of agsion In the building sector are energy eficizncy and the conversion of supply.

The expansion of renewable enargies in Germany should be accelerated as early 35 2023 through various legislative changes. The follawing Scenaries assume an inerease in renewable
elzctricity generation to over 1000 TWhia in 2080 (total eleetricity generaton in 2023 §14 TWh). Significantly improving the enzrgy efficiency of existing buiings with the heip of passive
hause componants is a building block with a number of advantages. The EnerPHit standard defined by the Passive Housz Institute is the benchmark for approgriate renovation quality.

Basad on the sbove assumption for renawable electricity generation, Figure 1 ilustrates the scope for action in the building secior. Aczording 1o the 2020 legislation, the stil available
budpet (green bar) would be significanty exceeded. Funher federal policy ambitions in 2021 aimed at improved thermal insulation in r2novation and new construction as well as a higher
sharz of renawable enarples in heat supply. Assuming that this was implemented as plannad - this did net happen - it would have bazn just within the available budget. Howavar, with
consistent usz of the porential on the building side, i.2. 3 combination of passive house standard in new construction snd passive house components in renoustien { EnerPHIr'), things
would be much batter. Then th building szctor could even stay within the budget , for example, the expansion of renewables can enly be implementad to 50%
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Figure 1: Cumulalive CO2 for hieaing and hal water from 2021 to 2070, The &2

green band indicates the ares of the greenhouse gas budget sill available for the bulding
sector. Graphic based on (PHI 2022)

Link to article:
https://passipedia.de/planung/sanierung _mit_passivhaus komponenten/enerphit sanier

ungen

2.13. ARTICLE 13 - PASSIVE HOUSE AND ENERPHIT IN THE EUROPEAN TAXONOMY

Summary: The article explores the integration of Passive House and EnerPhit standards within
the European Union’s taxonomy for sustainable building practices. It examines how these
standards align with the EU’s goals for energy efficiency and climate neutrality. The Passive
House standard focuses on achieving high levels of energy efficiency through rigorous design
and construction practices that minimize energy consumption for heating and cooling.
EnerPhit, on the other hand, applies these principles to existing buildings, facilitating deep
retrofits to improve their energy performance while retaining their existing structures. The
article outlines how the European Taxonomy, which provides a classification system for
environmentally sustainable activities, incorporates these standards to support the EU’s
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sustainability targets. It discusses the role of Passive House and EnerPhit in promoting low-
carbon and energy-efficient buildings and highlights their significance in meeting the EU’s
climate and energy goals. By integrating these standards into the taxonomy, the EU aims to
encourage widespread adoption of best practices in building energy performance and retrofit
projects.
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The taxcnomy, together with the Financial Disclosurs Regulation {SFRD) and the Corporate Sustainability Reperting Directive (CSRO), forms one of the three pillars of the so-called
"Sustainable Finance Strategy” and its aim is to inform investers, based on common EU-wide criteria, whether an economic activity is environmentally sustainable. The environmental
objectives slready mentionsd relate to various ecological aspects, which are summarized in =i objectives:

= climate protection:

adaptation to chmate changs:

the sustainable use and protection of water and marine resources;
the transition to 3 circular economy;

prevention and reduction of environmental polluticn;

the protection and restoration of biodiversity and ecosystems.

Link to article:

https://passipedia.de/policy/eu-taxonomie verordnung

2.14. ARTICLE 14 - LIVING QUALITY MONITORING

Summary: Monitoring living quality indicators (LQl) is essential for assessing the success of
building renovations, particularly for energy efficiency, thermal comfort, and indoor air quality
(IAQ). Unlike energy efficiency, which can be evaluated with a single parameter, LQl requires
multiple indicators, such as temperature, humidity, and CO, concentration. Each indicator
must be carefully evaluated, as they can affect occupant health, comfort, and structural
integrity differently. High energy standards, such as those in NZEB or EnerPHit renovations,
require airtight building envelopes and efficient ventilation systems to minimize risks of
overheating, high humidity, and poor air quality. For quality assurance, sensor-based
monitoring systems are used to measure key indicators. During renovations, a before-and-
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after monitoring approach helps establish a baseline for assessing improvements in LQl.
outPHit has adopted a wireless LoRaWAN system to facilitate easy, non-invasive monitoring.
Continuous data collection with high-resolution intervals supports long-term analysis, helping
identify any performance gaps in indoor conditions and energy efficiency. Another crucial
aspect of LQl monitoring is microbiological assessment, which evaluates bioaerosols to
prevent health risks like mold from high humidity. Such assessments provide a broader
understanding of IAQ by detecting bacteria and fungi levels that are undetectable by
conventional sensors. Post-renovation evaluations can verify if the building meets health and
comfort standards, with radial diagrams used to visually indicate IAQ status.

In conclusion, consistent LQl monitoring not only verifies the success of energy efficiency
upgrades but also ensures a safe, comfortable indoor environment for occupants. Long-term
monitoring and quality assurance measures are critical for adapting building operations,
improving user experience, and meeting health, comfort, and energy efficiency standards.
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Link to article:
https://passipedia.org/planning/refurbishment_with _passive_house_components/living
quality_monitoring

2.15. ARTICLE 15 - HOUSING COMPANIES: SUCCESSFUL COST-EFFICIENT
IMPLEMENTATION

Summary: Neue Heimat Tirol (NHT), a non-profit housing company established in 1939, has a
strong legacy of delivering quality housing and now manages over 20,000 apartments across
Tyrol, including 6,000 passive house units. Operated with 50% ownership by the State of Tyrol
and 50% by the City of Innsbruck, NHT prioritizes social housing for economically
disadvantaged families, the elderly, and vulnerable groups. The organization follows a cost-
recovery model, ensuring that tenants only pay rents that cover building costs, which is
facilitated by Austria’s unique non-profit housing tax system. NHT’s commitment to energy
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efficiency began with its first passive house project in 2009, Lodenareal, which achieved a 95%
satisfaction rate among tenants due to reduced maintenance needs and low energy costs. This
success encouraged NHT to build exclusively to passive house standards, reaching a significant
milestone in 2015 with Austria’s first certified Passive House PLUS complex, Vogelebichl.
Recognizing the long-term benefits of energy efficiency, NHT established an Energy Efficiency
and Sustainability department in 2018 to advance cost-effective, sustainable housing. Since
2020, NHT has embraced the Passive House PLUS standard for all new and renovation
projects, with goals to produce enough renewable energy on-site to meet building operations
and even offer tenants the benefit of surplus solar power. To support this transition, NHT has
developed in-house evaluation criteria using tools like designPH and PHPP to ensure
architectural designs meet high energy standards from the competition phase through project
development, creating more predictable and sustainable housing outcomes. In response to
rising global energy demands and climate crises, NHT emphasizes the Passive House PLUS
approach to ensure continued affordability and sustainability in housing, focusing on efficient
design, optimized orientation, and strategic use of renewable energy, positioning it as a leader
in socially responsible, low-energy housing.

Screenshot:

Housing Companies: Successful cost efficient implementation

Author: Harald Malzer

Introduction Neue Heimat Tirol (NHT)

then South

NEUE HEIMAT TIROL (NHT) was founded in the year 1630. This data 3 e
i it high quality architecture, 5o that pgsle frem smal mouniain villges sauld fes!

Tyral. Several thousand in
3t home 2ven on the outskits of the oits of he time. Th qualiy ofthe

stepad in history. The NHT was founded 0 ereate new housing
8 bya

History and purpose

28 n the real stz mnzgament of mors than 20,000 sparmenes. This
45 NKT oparates In he heart of the Aips. our highsst building s locates =t
0 12 20 yzars) Whe fuss and werks i the NET': Uings 30 spanments =

state of Ty, 50% the ety = Innz
& resicenial unis that have akes:

sthe buider and
s nesdy and the <kietly. Inis sense. port and protect. NHT i 100°%
Austra, Thi 513 standaione feature it Europs. Similar systams hau besn pivatsed in many couniis, quality and materials and i interest in energy-afiien an
buldings,
In Ausir 2 smll monthy tax. This back to the social housing hrough organisedin a sl .y by each of the feser: The Tyrolean ho idyis one of the most
e 3iowas to vk for praft. HoWever, 2y MUSt SISy Work 3seerding to the Ernciple o st receury TS mESnE it cLring the ntire Franeing perisd (usualy 30-28 yasrs) cur tanznts orly pay back 32
rentut i costs.
Wiy
Evenything that can be ssved i o and ene: s can in 3 betier personal future. The igh quality of NHT's buidings and faclties gives peopl= fom social dissdvantaged backgrounds the best possible oppartunity o open up socialy. NKT's aim: Iing in an NHT flat does not exchude
youbus thatmy standards 35 the Chiliran have 3 healiny home wih idesllearming oondtions fo braai: through
“inheri

What s the 2 rience and development

years. tne NEUE HEIMAT TIROL. Now NHT i taking 3 pionesring ro in various energy-relsted areas. The maiivation beside that Low 03 2nerg
{surineams £amers to haUE 3 pEmanEnt high-quat 208 hesithy ing SnurenmEnt

On the way to implement the Passive House Standard for every project

56, EU Green Daal guiatin, CSRD 3n the subsaquent national and regional requirements suddenly present us

ble snergies. heat pump susely gt waming).

s e ¢
satsfaciion rate of §5% for the firs ime i the NHT's history. So the NHT dscision

i3 year sfier moving in. The “Logen:

Link to article:
https://passipedia.org/basics/affordability/housing companies successful cost efficient

implementation

20


https://passipedia.org/basics/affordability/housing_companies_successful_cost_efficient_implementation
https://passipedia.org/basics/affordability/housing_companies_successful_cost_efficient_implementation

