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ABSTRACT
The International Energy Agency (IEA) has a programma called Energy in Buildings and Communities
(EBC). This EBC Research Programme is mainly undertaken through a series of international
collaborative research projects, so-called 'Annexes'. Annexes are initiated by a small group of experts,
presented to the IEA EBC responsibles and once accepted further developed to a full scale project with
a broad international consortium. Typically each Annex has a life span of 3-4 years, although
extensions are possible if a continuing need for the activity is identified. Clear goals are set for each
activity so that well defined products and outcomes are generated. Publications are available for
several ongoing and most completed annexes.
Within City-Zen, a lot of activities link closely to several of the annex topics. This document presents a
short overview of the most relevant, also with an eye on relevance for wider uptake. The chosen
annexes include:
• Annex 56: Cost Effective Energy and Carbon Emissions Optimization in Building Renovation
• Annex 61: Business and technical concepts for deep energy retrofit of public buildings
• Annex 62: Ventilative cooling
• Annex 67: Energy flexible buildings
These annexes were selected because of the relevance as well as the state of development.
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EXECUTIVE

SUMMARY

The 4 annexes tackle different aspects relevant for City-Zen.
Annex 56: Cost Effective Energy and Carbon Emissions Optimization in Building Renovation
The annex was initiated from the intention to contribute to overcoming the barriers to fully exploit the
potential of renovation for residential buildings and non airconditioned office buildings. Annex 56
mainly intends to develop the basics for future standards, aiming at maximizing effects on reducing
carbon emissions and primary energy use while taking into account the cost-effectiveness of related
measures.
Hence, the annex does not guide project designers in how to design a cost effective renovation, but
provides guidance for longer term changes by looking into life cycle impact, trade-off between energy
efficiency and renewable energy deployment, highlighting co-benefits to end users and broader
stakeholders.
Annex 61: Business and technical concepts for deep energy retrofit of public buildings.
Europe emphasizes the relevance of renovation. Renovation bdugets are generally limited and
therefore this annex weights off the best approach: stepwise shallow renovations versus deep
retrofits. Aspects as noise and dust, cost effectiveness and potential final results are compared.
The annex concludes with the highest impact on a macro-scale to be the approach of spending the
budget on deep retrofits compared to a larger number of shallow renovations.
Annex 62: Ventilative cooling.
Cooling is becoming more and more relevant in Europe. Strategies for energy efficient, climate friendly
and cost effective cooling are therefore relevant. Night cooling and ventilative cooling in general can
avoid the use of air conditioning in all but hot and humid climates. The annex explains the strategies
and boundary conditions and encourages building technology designers to assess this strategy rather
than active cooling.
Annex 67: Energy flexible buildings
Flexibility is becoming a more relevant aspect in the operation of the energy infrastructure. Therefore,
an annex has been initiated assessing the effective available flexibility of buildings. The relevance of
flexibility of e.g. heat pumps is assessed as well as the barriers for end-consumers to participate in an
energy market. Standardization, unclarity and interoperability aspects are only of few of the barriers
that need to be tackled in order to unlock the potential of small scale flexibility.
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CHAPTER 1 – Cost Effective Energy and Carbon
Emissions Optimization in Building Renovation

INTRODUCTION
The annex attempts to fill the gap of guidelines, policy and standards on
renovation of residential and small scale office buildings. The aim is to make an
overall balance of which measures or combination of measures to invest in:
renewable energy or energy efficiency. As a result the starting point is the need
for a new methodology for energy and carbon dioxide (CO2) emissions optimized
building renovation. It is considered a new basis for private entities, governments,
agencies, regulators and others.
An important emphasis the annex puts is on co-benefits, as illustrated in the below
scheme (adapted from IEA EBC Annex 56 Guidebook for policy makers 1).
0F

This annex is not altered in a popular booklet, due to amongst others the poor
quality of the delivered conclusions. The below summary is an extract of the main
outcomes of the annex 56 project of relevance to City-Zen.
1

https://www.iea-ebc.org/Data/publications/EBC_Annex_56_Guidebook_Policy_Makers.pdf
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1.1.

OWNERS AND RESIDENTS ACCEPTANCE OF MAJOR ENERGY RENOVATIONS OF
BUILDINGS.
Decision makers on renovation investments include owners, investors, planners
and contractors. The extensive analysis performed in the framework of the annex
56 indicates that this group of stakeholders faces more barriers compared to
drivers. Barriers include building context and legal challenges, financial &
economic issues as well as lack of awareness or information.
Acceptance of residents or occupants on the other hand is less detailed in
literature, as was found by the annex 56 members. Important aspects coming up
include rebound, split incentives, trust and potentially leaving the property during
the renovation works.
Two main elements are relevant: the first one being related to the difference
between owner and tenant, the second one related to the relation between owner
and tenant, the communication towards and engagement of the latter in the
renovation process.
If the owner is also the occupant, there is a clear relation between the
improvements and all potential benefits, including increased property value. In
multi-owner buildings, it is important to align works but also to take the time for
information gathering & processing and decision making. If the owner is not the
occupant, the relation between them is an important factor in the
acceptance: the higher the aspect of
trust, the easier the
process
towards
acceptance as well as
acceptance of deviations,
nuisance and delays during
the process. It is clear that
continuous, clear and correct
information is a key element
and that time is taken for tenants to
process the information,
ask questions and be
involved
(2-way
communication).
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1.2.

CO-BENEFITS OF ENERGY RELATED BUILDING RENOVATION

Co-benefits are to be seen from different perspectives.
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2

adapted from http://www.iea-annex56.org/Groups/GroupItemID6/Cobenefits%20of%20energy%20related%20building%20renovation%20(Annex%2056).pdf
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2. Co-benefits from a macro-economic perspective
The co-benefits for society as a whole can be divided in several sub-categories:
environmental, economic and social. They are less linked to specific building
renovation measures and are hence briefly elaborated hereafter.
• Environmental co-benefits include reduction of air pollution, potential
positive impact on the amount of construction and demolition waste.
• Economic co-benefits include new business opportunities, employment
creation, avoided subsidies on energy production, improved
productivity due to more comfortable working and living environments.
• Social co-benefits include increased comfort and resulting reduction of
negative physiological effects, as well as contribution to reduced
energy poverty. The annex further lists a number of additional rather
extreme co-benefits which could be only partially linked to energy
efficiency improvements, including reduced mortality and morbidity.
The annex further proposed methods to quantify co-benefits, which is relevant
and feasible at building level though much more challenging to do at macroeconomic level. Though the developed approach is interesting, it remains rather
qualitative and high level.
1.3.

GUIDELINES FOR POLICY MAKERS

The annex has a clear set recommendations for policy makers, while some of them
are highly relevant and specific, they are rather general and often overlapping or
even contradictory. The 9 most relevant are given hereafter:
Introduce carbon emissions targets in addition to energy targets
Changing from energy targets only to emissions targets as well,
increases opportunities for more less cost effective technologies.
Subsidies or incentives could overcome the financial barrier if e.g.
certain emission targets could be achieved.
Shift to technical systems based on renewable energy
Whenever the building integrated technical systems are replaced or
upgraded, renewable energy technologies should be prioritized. An
additional benefit aside from energy and emissions is in the
significant comfort and stability regarding energy price fluctuations.
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Create incentives to support a shift to renewable energy
While renewable energy systems are cost effective from a life cycle
perspective, support schemes or other incentives could help
overcoming the barrier of higher investment costs.
Shift from cost-optimality to cost-effectiveness
Cost-optimality is a criterium that generally does not favour a shift
to more sustainable solutions. Cost-effectiveness indicates that
something is a good value, where the benefits and usage are worth
at least what is paid for them.
Making energy performance measures beyond cost-optimality mandatory,
ensures an effective shift to improved energy efficiency and renewable energy
uptake.
Promote quality and accuracy in design and execution
Even a good design can lead to poor performance if not executed
well. Attention to quality and active promotion of best practices is
needed.
Whole building renovation is preferable instead of maximizing the energy
performance of just one or few individual elements
Setting energy performance standards high once a renovation starts
results in higher overall performance being achieved. Step-by-step
renovations end up to be more costly and achieve lower overall
performance.
If however a stepwise approach is the most financially viable option, high energy
performance standards for each of the steps should be targeted.
Take into account the challenges of integrating renewable energy
While RES provide opportunities to make end-consumers less
dependent on energy prices, the integration of renewables in the built
environment is often not straightforward. Facilitating the permitting
and promoting the good examples would be beneficial for the further uptake.
Take into account the added value resulting from the building
renovation
Energy saving and hence reduced operational costs positively impact
the value of the property. This should be clearly emphasized as a
benefit.
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Take into account the opinion of the users
Engagement of end-consumers in the decision making process
enables them to be more positive towards the changes. There is a
need for clear laws and regulations in favour of motivations and
benefits for both tenants and housing companies or owners.
1.4.

CONCLUSION

Annex 56 provides some clear guidelines for various stakeholders of relevant to
building renovation and large scale roll out of it. A number of shining examples is
detailed and elaborately evaluated and discussed. Time has been taken to
understand the process and opinions. Though no concrete measures have been
proposed, the above recommendations on communication and policy are
valuable.
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CHAPTER 2 – How to maximize impact from
renovation budget?

INTRODUCTION

In the EU, buildings are responsible for approximately 40% of energy consumption
and 36% of CO2 emissions.
For that reason, renovation of the building stock is an important part of the climate
mitigation actions done by government and citizens. The importance is well
understood by authorities on all levels and subsidies are provided for an extensive
range of initiatives. So a lot of money is being invested in upgrading the building
stock and the question rises whether this money is invested in the most optimal
way.
Do we get the best possible result from the investment made?
In order to be able to answer this question, we first need to define the different
possible approaches. Because there are different ways to upgrade the energy
efficiency of a building and different approaches appear to have a different return
on investment ratio. The respective impacts of were studied in detail by the
researchers of the IEA annex 61 and will be discussed below.
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2.1.

SHALLOW RENOVATION

A first approach for upgrading the energy performance of a building is by focusing
on single measures or partial refurbishments.

In this approach the owner or building manager decides on a given moment to invest in
the building by - for instance - changing the lighting, replacing HVAC, installing solar
panels, retro-commissioning, ... In a possible next step, another aspect of the building will
be looked at.
Typically, these are measures with a low risk and short payback period and
the implementation is often driven by either specific user-opportunities or
available subsidies.
Up till now, this is a commonly used approach to refurbishing the
building stock and subsidies are structured in a way to stimulate this
kind of renovation measures.

2.2.

DEEP ENERGY RETROFIT

Another approach for upgrading the energy performance of a building is to treat
the building as a whole and to combine several investments at the same time so
to address several aspects.
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In a deep energy retrofit (DER), changes in all the aspects mentioned in this list below
need to be considered:

•

Building envelope (Roof insulation, Wall insulation, Windows, Doors, Floor
insulation, Thermal bridges remediation, Airtightness, Vapor barrier)

•

Lighting design based on LED technologies

•

Daylight and motion controls

•

High performance ventilation system, motors, ...

•

Heat recovery system

•

Low temperature heat delivery system

•

Duct insulation and airtightness

•

Pipe insulation

•

Renewable energy sources
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In order to be a DER, the site energy use intensity needs to be reduced by at least 50%,
with a corresponding improvement in indoor environmental quality and comfort.

Let's clarify with an example: we replace the entire old HVAC system, insulate roof and
façade and install a heat pump. By combining all these investments, the new HVAC system
can be adapted to the technical characteristics of heating with a heat pump and to the
reduced heating demand given the insulation of the building envelope.

2.3.

NEARLY ZERO-ENERGY BUILDING

According to the European Energy Performance of Buildings Directive, a building is a
“nearly zero-energy building” (nZEB) if it meets two conditions:

1.

The building has a very high energy performance .

2.
The energy required by the building originates almost
entirely from renewable sources, produced either on-site or
nearby.
www.zebra-monitoring.enerdata.eu/overall-building-activities/nzeb-definitions-by-country.html

In June 2018 new European legislation which puts every member state in charge of
developing a concise planning to decarbonise their entire building stock by 2050 has been
voted. This will only be possible by sticking to ambitious goals for both decarbonising
energy supplies and reducing the final energy consumption. Each member state can seek
a cost-efficient equilibrium between these two. One thing that’s absolutely certain, is that
a vast part of the existing building stock will need to be converted into a nZEB.
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L0844&from=EN

In order to turn an existing building into an nZEB, in general a deep energy retrofit with
multiple matched investments will be needed.
The energy upgrading method of shallow renovation is less adequate/suitable because
several of the necessary works to obtain nZEB have a (very) long payback period and won't
be realized as an individual investment in a shallow step-by-step approach.
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2.4.

COMPARISON SHALLOW RENOVATION VERSUS DER

The researchers of the IEA annex 61 gathered the results of several studies about office
buildings. From them it becomes clear that there are numerous benefits if one chooses
to conduct a DER in his building:

•

Reduced maintenance costs: - 9-14% (Fowler et al. 2008; Leonardo Academy,
2008, Aberdeen Group (2010))

•

Less replacement of equipment that is end-of-life: - 20-30% (EBC Annex 61)

•

Rental premium: + 2.1-17% (Eicholtz, Kok & Quigley (2010), Wiley et al. (2011),
Fuerst & McAlister (2011), Eicholtz, Kok et al. (2011), Kok et al. (2011), Newel,
Kok et al. (2011), Miller, Kok et al. (2011), Pogue et al. (2011), McGraw
Hill/Siemens (2012))

•

Property sale price premium 11.1-26% (Eicholtz, Kok & Quigley (2010), Fuerst
& McAlister (2011), Eicholtz, Kok et al. (2011), Newel, Kok et al. (2011))

•

Occupancy premium + 3.14-18% (Wiley et al. (2011), Pogue et al. (2011),
McGraw Hill/Siemens (2012))

•

Increase in usable floor space (close to insulated external walls and advanced
windows, reduced leakage through the building envelope): + 10% (EBC Annex
61)

•

Specifically for office buildings it has been shown that an improved thermal
comfort and indoor air quality result in:
• Employee productivity: + 1.0-10%
(Lawrence Berkeley National Laboratory)
• Improved occupational satisfaction: + 27-76%
(GSA (2011))
• Reduced employee sick days: - 0-40%
(Miller, Poque, Gough & Davis (2009), Cushman, Wakefield et al. (2009),
Dunckley (2007), City of Seattle (2005), Romm & Browning (1995))

The advantages of living or working in a building that has undergone a DER are
legio, going from the improvement of the health and contentment of the users of
the building, the usability of the space, … These advantages are proven,
quantifiable and significant.
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2.5.

MAXIMISING THE IMPACT OF A RENOVATION

2.5.1. By conducting all energy-related investments in one simultaneous project

There are many reasons why one should choose to strive for buildings to become NZEB.
The obvious first advantage is the significantly reduced energy bill. In addition, there are
also the added value when selling or letting the building, the satisfaction and health
benefits for the users, the reduced maintenance costs, the increase of the usable space,
…
Many building managers opt for a phased approach in the renovation of a building. The
first year an update of the HVAC is foreseen, the year after the windows are replaced, the
next a switch to LED lighting, …
But there are several major drawbacks to this approach:

•

The first drawback is the constant nuisance for the building occupants.
Whether they’re residents trying to find rest after a hard day of work, or
employees needing silence to concentrate on their work or have efficient
meetings, the recurrent noise nuisance, dust and unavailable spaces, are
annoying and can trigger resistance and resentment towards the renovations.

•

Secondly, the dimensions of the invested installations are not matched in a
phased approach. For instance, the HVAC will be overdimensioned when
updated before planning window replacement and wall insulation. Similarly, a
PV installation will be underdimensioned if a heat pump system was not
planned yet.

•

A last big drawback are the additional costs: every
phase, a new company needs to make an offer,
set up scaffolding, remove the finishing layers,
perform their work and redo the finishing layers,
… When adding up all these extra costs, the total
renovation will have costed much more than
when all the works were done in 1 continuous
process.

Combine all energy-related investments in one continuous process to reduce the
nuisance for the building occupants, to optimize the installation dimensioning and
to minimize the renovation costs.
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2.5.2. By combining energy- and non-energy-related investments

A last element in the optimization of the return on investment ratio is the fact that the
moment of implementation of a DER should not be seen as an isolated event.
After all, in the lifecycle of a building, a building manager or owner will invest in the
building on several occasions. We think of investments like changing the floor layouts,
adding bathrooms, changing the kitchen, modernizing the interior design.
All of these moments involve several actions that take time and cost money: planning of
the works, design of the planned investments, turn the building into a secured
construction site, find replacement for needed functionalities, and so on.
If the building manager or owner combines several energy-related and non-energyrelated investments in one organized renovation period, one wins on different levels:

• These costs for planning, design, ... will be higher
than the ones for one single shallow investment,
but they will be significantly lower compared to the
sum of the costs if all the different investments
would be made on different occasions.
• For the time consumption the same
reasoning makes sense. One spends more
time on the planning, design and
implementation of a deep energy retrofit than
on one shallow renovation, but much less than
on all the separate shallow renovations together.
•

The actual investment costs to obtain the same final result are 5 to 10% lower
by sizing all equipment and doing the execution of DER project in one phase
rather than in several consecutive steps. In case of poorly coordinated
measures, the cost optimization by combining will be even more substantial.
We think of: replacing windows and only afterwards deciding to insulate the
façade, installing a new kitchen and afterwards deciding to insulate the floor
and install floor heating.

It is thus really important to stimulate the implementation of a DER on the right
moment. In case of residential buildings, the moment of sales is an absolute
turning point. For non-residential building this might be a repurpose of part or the
whole of the building.
2.6.

BARRIERS AND SOLUTIONS

The result of a DER, a newly renovated NZEB may be a highly rewarding end stage. But of
course, there are obstacles and drawbacks preventing people of starting a DER. Below
several of the major barriers are listed, combined with some recommendations and
solutions to overcome these barriers.
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Obstacles that push people and These measures can help overcome the
organisations towards shallow renovation barriers:
measures instead of DER:

•

Cost of the renovation. Quite a
large amount of money is needed
over a limited time frame. While in
a step-by-step approach the
invested money and
corresponding savings in the
energy bill come gradually.

•

Subsidies for combined measures
with a nZEB finality.

•

Subsidized (interest-free) loans for
renovations with nZEB result.

•

Stimulate Energy Saving
Performance Contracting Models
where the retrofit is financed by a
third party and is repaid only
through the energy savings.

•

Use Energy Service Contracts
(ESCO) where both the energy
efficiency project and the
maintenance afterwards are
financed by the third party, and is
repaid through the energy savings.

•

Provide rolling funds combined
with guidance to activate the
socially more vulnerable people.

•
Serious inconvenience in the living or •
working
environment
during
the
renovation
period.

Provide in (market regulation for)
flexible temporary housing to
house people during their
renovation.

•

•

Provide in non-commercially
funded structured information
about needed complicated
technological knowledge in more
everyday terms.

•

Provide in (compulsary)
information moments for people
who are buying a house.

Complicated technological
knowledge needed to fully
understand why certain measures
need to be taken, and the shortage
of non-commercially funded
information in more everyday
terms.
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•

Lack of trained professionals who
are familiar with the technologies
used in DERs.

2.7.

•

Organize structured training
possibilities for professionals to retrain for installation and
maintenance of new technologies.

•

Update curriculums in high schools
to train for the technologies of the
future.

CONCLUSION

As a conclusion, these 3 pillars can be identified:

1. An actual transformation of the existing building stock to
nZEB will be much more likely to happen if renovations are
performed according to the DER principles.
2.
The transformation as a whole on macro-economic level will be
less expensive (delta 3,5%) if done by deep energy retrofits compared to
step-by-step initiatives.
3. Both the cost in euros and the gain in comfort and usable space for the
owner or building manager can be further optimized by
combining non-energy related renovations with a deep
energy retrofit.

2.8.

RECOMMENDATIONS

Since more renovation result can be performed with the same money invested, these
three insights combined give a strong incentive to governments to rethink the way the
subsidy-budget is spent:

•
•
•
•
•

Cut subsidies for single measures and increase subsidies for combined
measures with a measurable decrease of the energy need.
Provide in subsidized (interest-free) loans for renovations with a nZEB result.
Provide in (market regulation for) flexible temporary housing to house people
during their renovation.
Shift the renovation pace of government building from "shallow renovation at
high speed" to "deep renovation at reasonable speed".
Provide in non-commercially funded structured information about needed
complicated technological knowledge in more everyday terms.
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•
•

Provide in (compulsary) information moments for people who are buying a
house.
Organize structured training possibilities for professionals to retrain for
installation and maintenance of new technologies.

2.9.

SOURCES
https://ec.europa.eu/energy/en/topics/energy-efficiency/buildings
www.zebra-monitoring.enerdata.eu/overall-building-activities/nzeb-definitions-by-country.html>
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L0844&from=EN
www.iea-ebc.org/Data/publications/EBC_Annex_61_Subtask_D_Guide.pdf
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CHAPTER 3 – Cooling strategies and the added
value of ventilative cooling

INTRODUCTION
Where the focus for new or renovated buildings used to be on insulation and energy
efficient heating, in recent years it became clear that cooling of these NZEBs and ZEBs
demand a lot of energy and thus money.
In Europe alone the cooling demand potential is estimated to be:

174 TWh = 174 000 000 000 KWh for the service sector*
292 TWh = 292 000 000 000 KWh for the residential sector**

The cooling of buildings is done entirely on electrical energy, so - using the European
average elektricity prices for household resp non-household consumers of 0,204
EUR/KWh resp 0,114 EUR/KWh*** - the cost for cooling buildings in the residential and
service sectors amounts to 79 404 000 000 EUR = 79,404 Bln EUR on a yearly basis.
No need to say that it is definitely worthwhile to check which optimization options
there are available.
Taking into account that the share of NZEB in the European building
stock will increase significantly in the next couple of years and that
the climate in Europe will get warmer, it's a certain thing that the need
(and thus cost) for cooling will rise vastly in the next years and the saving
potential on cooling costs will only get bigger.
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* Source: https://www.sciencedirect.com/science/article/pii/S0301421517307498
** Source: https://www.sciencedirect.com/science/article/pii/S030142151630653X
*** Source: https://ec.europa.eu/eurostat/statisticsexplained/index.php?title=File:Electricity_prices_for_household_consumers,_first_half_2018_(EUR_per_k
Wh).png
https://venticool.eu/wp-content/uploads/2012/09/Ventilative-cooling-Seminar-Presentations.pdf

3.1.

COOLING SYSTEMS FOR BUILDINGS

There are plenty of different technologies and techniques to cool a building. An important
distinction is between active cooling and passive cooling.

Active cooling

uses electrical or other sources of qualitative energy to reduce the
temperature of air, water or another medium. This cooled medium is then used to cool a
building through increased air displacement or cooled air supply.

Passive cooling is to be embedded in the building design. It focusses on controlling
heat gains and heat dissipation within the building in order to avoid overheating and
hence ensure an acceptable indoor temperature using little to no energy consumption.
The most known active cooling is air conditioning. It is getting
increasingly popular, with over 8 million units sold in Europe in 2018
only. An air conditioning unit works like a fridge: electricity is consumed
to ensure the room/fridge remains on temperature and heat is emitted
outside or at the back of the fridge.
Other examples of active cooling include
• Coupling with geothermal systems or boreholes to provide a constant flow of low
temperature heat that can be dissipated through air supply or through activating the
building thermal mass e.g. using cold water supply through tubes in floors or ceilings.
• Active cooling of active thermal mass such through as chilled water or ice, combined with
fans to distribute the indoor air. Chilled water is used to provide cool air in air handling
units, chilled beams, chilled ceilings, ...
Passive cooling can also be called natural cooling. No extra energy is used to cool.
Examples of passive cooling systems are
• Natural ventilation: warm internal air is replaced by cooler external air
• Using the building’s thermal inertia evens out variations in temperature throughout the
day by absorbing heat during the warm moments of the day and releasing again during
the cool moments.
• Evaporative cooling: pools, ponds and water features immediately outside windows or
in courtyards can pre-cool air entering the building
• Reduction of heat gains: shading, reflective surfaces, insulation, green roofs, ...
Ventilation systems that combine naturally and mechanically driven systems, are called

hybrid ventilation or mixed mode ventilation.
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3.2.

NATURAL VENTILATION

Cooling a room can be as easy as opening a window and letting an evening breeze bring
in cool outdoor air into the room. This is what we call 'natural ventilation', or 'passive
ventilative cooling'.
Phrasing it in a more general way, Natural Ventilation is cooling of an indoor space by
opening windows, doors or other openings in the building envelope and letting the
temperature difference between in and out create a breeze that causes the warmer
indoor space to cool.
In residential buildings, this is most often done manually. In non-residential building on
the other hand, an automatic controlling of the openings can be desirable because of:
• Avoiding accidents: the risks of people falling out of the window
• An improved building energy management requiring to control the thermal comfort and
air quality of the indoor spaces. Natural cooling in non-residential building is mainly done
using night cooling, where the cooler air during the night is used to cool the air in and the
thermal mass of the building which positively impact the warming of the indoor space the
next day.

Indoor thermal comfort is difficult to determine. Each person has a different preference.
Clothing, culture, expectations and the feeling of control over the temperature all define
what a good indoor temperature is. Research has indicated that humans are more
sensitive to changes in temperatures below what they consider ideal, compared to
changes above the ideal temperatures. But it is mainly the potential for users to impact
the settings themselves, chose the dressing code, be able to open windows and tune the
thermostat that increases the bandwith of comfort from a typical 1.5 degrees to nearly 5
degrees.

3.3.

VENTILATIVE COOLING

In general, the term ventilative cooling indicates the use of outdoor air to cool indoor
spaces by causing air displacements. This can be done both in a passive and in an active
way. In an active way a mechanical ventilation system is used to for instance increase the
air displacement/velocity. Most climatic zones in Europe are suited to apply ventilative
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cooling, unless in specific zones where the diurnal temperature difference is too small
and night temperatures do not drop enough. Typically, in hot and humid climates
naturally driven ventilative cooling will not be useful in the warm period. In these cases,
mechanical cooling is required to ensure a sufficient high cooling capacity regardless of
the outdoor temperature and humidity.
Ventilative cooling is often an indispensable part of a cooling strategy in order to achieve
the NZEB level. Though, the potential is untapped, which is illustrated by the high and
annually increasing number of air conditioning units that is installed in Europe. The
International Energy Agency annex 62 looks into the topic of passive and active
ventilative cooling aiming to better characterize the performance and improve system
design and control strategies.

The annex looks into:
• State of the art on ventilative cooling

3.4.

•

Standards and regulation

•

Case studies from throughout the world

•

A design tool

•

A tool to assess the potential of ventilative cooling for a specific case

VENTILATIVE COOLING IN DIFFERENT CLIMATES

Ventilative cooling uses the outdoor temperature as a basis for cooling. That implies that
at least during part of a 24-hour period, the outdoor conditions have to be such that they
can be used for cooling.

Cold outdoors
When it is really cold outdoors, bringing in outdoor air poses two challenges:
• risk of draught for the users of the cooled spaces, which negatively impacts the
productivity and comfort
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Mixing cold outdoor air with extracted warm air could increase the temperature
used for cooling and decrease the risk for draught.
• difficulties in managing the airflow which has an immediate substantial impact on
the cooling power due to the higher temperature difference between in- and outdoor air
Potential solution

A good heating control could compensate overcooling which still leads to energy
savings in case of high building internal heat loads (20-30 W/m²).

Temperate outdoor conditions
With temperate outdoor conditions, the risk for draught is negligible. The use of
ventilation openings in the façade or manual window opening generally suffices.
However, seasonal variations could be such that special measures are needed during the
warmer periods:
• for natural ventilative cooling, buoyancy forces can be enhanced by solar chimneys are
high positioned roof openings. Increased buoyancy forces will increase the flow rate
ensuring sufficient supply of fresh and slightly colder air.
• for mechanical ventilative cooling, heat recovery with indoor air could be bypassed or a
ground-heat exchanger supplied by a water-glycol ground loop could bring additional
cooling.
In general, independent of the use of a fully natural or (partially) mechanical ventilative
cooling system, evaporative cooling or a well-designed earth-to-air heat exchanger can
bring additional cooling during the warmest period of the year.

Earth-to-air heat exchangers must be designed carefully to avoid
condensation in the underground tubes. Condensation would lead to
stand-still water in the tube, attractive for bacteria growth that could affect
the quality of the air supply to the building.

Hot outdoor conditions
When outdoor temperatures during daytime are high, intake of fresh air should be
minimized. The building design should additionally include solar shading, overhangs and
optimal glazing type and sizes.
Night-time ventilation is consequently used to remove the absorbed heat accumulated in
the building during the day. “Charging” the building thermal mass with low temperature
heat will also prevent overheating the next day. Supplementary active cooling could be
required when diurnal temperature difference are insufficient or when fresh air intake
requirements are too high during the day.
In hot and humid climates, the use of ventilative cooling is not efficient. It has to be
combined with mechanical cooling to deliver a constant sufficiently high cooling capacity.
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OUTDOOR
CONDITIONS

TEMPERATURE
DIFFERENCE*

VENTILATIVE
COOLING

Cold

ΔT more than 10°C

Minimize air flow
rate - draught free
air supply

Temperature

2-10°C lower than
comfort

Increasing air flow
rate from minimum
to maximum

Hot and dry

ΔT between -2°C and
+2°C

Minimum air flow
rate during daytime
Maximum air flow
rate during night
time

Hot and humid

* TEMPERATURE

3.5.

Natural or
mechanical
ventilation should
provide minimum
outdoor air supply

DIFFERENCE BETWEEN INDOOR COMFORT TEMPERATURE AND MEAN OUTDOOR AIR TEMPERATURE

COMPONENTS IN A VENTILATIVE COOLING SYSTEM

Ventilative cooling systems have no fixed components, but have a range of elements
delivering a certain functionality. The annex 62 documents present those functionalities
and examples as follows:
FUNCTIONALITY

COMPONENT

Air Flow Guiding

Windows, Rooflights, Doors, Dampers, Flaps, Louvres, Special
Effect Vents

Air Flow Enhancing

Chimneys, Atria, Venturi Ventilators, Wind Towers, Wind Scoops

Passive and Natural Cooling

Convective Cooling, Evaporative Cooling, Phase Change Cooling

Control and Automation

Chain Actuators, Linear Actuators, Rotary Actuators, Sensors

Source: https://venticool.eu/wp-content/uploads/2016/11/VC-Design-Guide-EBC-Annex-62-March2018.pdf
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3.6.

GETTING STARTED

A good working ventilative cooling systems requires a step-wise design process. The
following steps take the designer to a successful application.

To assess the potential of ventilative cooling ion an early stage, annex 62 has delivered a
tool, i.e. the Ventilative Cooling potential tool (VC tool), which is freely accessible on the
IEA EBC website.

3.7.

DESIGN AND CONSTRUCTION

Lessons learnt from annex 62 case studies
• Detailed building simulation is a key element. This is necessary to assess
both the thermal loads and indoor air quality in detail as well as to design
and evaluate the cooperation between different components of the
ventilative cooling concept.
• Several designs require custom developed components,
mainly for air intake. Practical design thinking is needed to
take into account aspects such as rain ingress and insect
prevention.
• The less mechanical components are needed, the more
cost-effective the ventilative cooling becomes. Integrating
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manual operation though brings uncertainty in the design and in the operation. It is
important to be clear on the assumptions and consequences.

3.8.

OPERATION AND OCCUPANCY

10 European buildings with ventilative cooling were monitored and analysed as part of
the annex 62 project. In the cold Scandinavian climate, no overheating occurred due to
the use of natural ventilative cooling and the application of natural night ventilation. More
central European climates with often hot summers, including Belgium, showed less than
0.5% of occupied hours to be outside the maximum temperature of 28°C. Though, this
temperature is outside the range of comfortable temperatures for all types of buildings.
The fully natural ventilative cooling concept for the tested office building, had
temperatures above 25°C over 11% of occupied hours. Adding an effective cooling and
hence advancing the fully natural ventilative cooling concept to a more hybrid, would have
avoided the overheating. The Portuguese test case also applied a fully
natural concept and the monitoring data confirm that the concept
would work perfect if completed with a more active cooling component.
Lessons learnt from annex 62 case studies
While systems may be designed to have high levels of comfort, IAQ
and energy performance, achieving this is difficult. Continuous
monitoring during operation and providing feedback in an
understandable way, is considered key.
• Engagement should start in the design stage.
• Engaging with building owners and users. Training of building facility managers and even
building occupants is often needed.
The operational phase is overall positive, with as for all air systems the need for
monitoring and maintenance. One point of attention specifically for cold climates is the
risk of overcooling.
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3.9.

OPPORTUNITIES AND CHALLENGES

There are major financial opportunities for ventilative cooling in Europe:

•

NZEB buildings are more prone to overheating, so the more NZEB
buildings, the more important energy management for cooling
becomes

•

As the climate changes, there will be more need for cooling

•

Ventilative cooling can be an efficient strategy for peak power
management during warm periods

•

Ventilative cooling also is an interesting strategy during less warm
periods

But there are also challenges:

•

Guaranteeing a comfortable indoor climate in combination with
different outdoor surroundings:
o No overheating or overcooling in different
spots in the building
o Avoid fine dust from outside
o Avoid too much noise from outside
o Limited by weather conditions such as rain
o Draught: some wind is needed for ventilation, but too much
draught can be annoying for occupants

•

Avoid burglary

•

Financial investment is often high: building NZEB is already very
expensive, adding VC system can further increase the cost.

•

Role of regulations is growing and ventilative cooling is not well
covered in standards and regulations

3.10. RECOMMENDATIONS
Ventilative cooling - and especially night cooling - is an interesting option for most
European countries. There's a significant potential to lower energy costs for cooling in
most countries - only in the South of Spain and Italy as well as in Greece the potential is
limited. The savings for this way of cooling of office buildings is up to 30-50%.
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The savings potential depends on:

•

the local climate

•

the building type and its cooling demand

•

outdoor noise and air pollution

A strong leverage for pushing the installation and use of ventilative cooling systems can
be done through regulation.
Regulation that wishes to push forwards ventilative cooling should:

1. Require the monitoring of energy consumption for cooling (creating
consciousness)
2.
Foresee guidelines for building parameters influencing the
effectiveness of ventilative cooling
3.
Impose design specifications required for natural ventilation
(openings and their position)
4.

Foresee safety precautions

5.

Regulate temperature, air speed and air quality criteria
For Austria, Belgium, Denmark, Ireland, Italy, Norway, Switzerland and the United Kingdom,
recommendations for standards, legislation and compliance tools can be found here:
https://venticool.eu/wp-content/uploads/2018/09/venticool_ebc62 background_report.pdf
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CHAPTER 4 – Why and how to make buildings
flexible?

INTRODUCTION
The electricity market is changing.
On the demand side electrification of building heating systems (heat pumps) are
expected to lead to a significant increase in electricity consumption in winter. The
electrification of mobility (electric cars, buses, etc.) will lead to an increase in electricity
consumption throughout the entire year. On the energy production side, a shift is
happening towards decentral renewable energy generation. However, renewable
energy is not always available when there is electricity demand.

Wind is not always and everywhere equally strong. As a result, wind energy is
fluctuating. With severe wind, turbines have to be stopped for safety reasons. Above a
certain minimum wind velocity, they produce power in relation to the wind velocity.

Solar panels can generate a lot of renewable electricity on a daily basis during summer.
However there is no sun at night and in winter the production is reduced significantly
when electricity demand is generally higher than in summer.
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4.1.

CHALLENGES TO FACE

When moving towards a more renewable energy based system, the coventional energy
consumption pattern faces challenges:

•

Availability of energy
E.g. in winter, there is limited sun and also wind can be absent or limited
for several days. At this moment most storage systems are not suitable or
feasible to be used as storage over several days..

•

Evening electricity demand peak
People come home after work or school and they simultaneously start
cooking, watching television, doing laundry, etc. This peak in power
demand does not generally correspond to a peak in renewable energy
production and is therefore usually produced by flexible fossil fuel
generators.

•

The duck curve
This phenomenon is particularly relevent in autumn and spring, when a
significant decrease in solar electricity production coincides with the
significant increase in consumption during the evening. This can be
challenging for both grid stability and electricity production. This event is
often referred to as the duck curve.

Duck curve
Mid-day dip followed by evening peek
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4.2.

PIECES OF THE PUZZLE

Some measures can be taken to meet these challenges and therefor allow to
increase the share of renewable energy in the electricity mix and to guarantee
grid stability:
1. Decrease electricity consumption. This will generally decrease the demand for
fossil fuels as well. Especially limiting heating demand in winter remains crucial
to limit electricity demand for heat pumps during winter peak demand.
2. Increase interconnectivity between different regions in Europe.
When too much or too little renewable energy is produced in
one region it can be transmitted to or from another region.
3. Controlling electricity demand of buildings, electric
vehicles, industrial proceses, district heating
systems, etc. to move consumption to another moment in
time.
4. Use storage systems to charge when renewable
electricity production exceeds electricity demand and to discharge when
the electricity demand of non-flexible appliances exceeds the
renewable electricity production.
5. An electricity generator can be used for moments without or with insufficient
production from PV-panels or wind turbines. These backup generators can be
fueled with biomass, but most of them are fueled with fossil fuels such as natural
gas, oil, coal or others.
In order to reduce the need for and the use of fossil fuel backup generators and
in order to maintain grid stability, the aim of IEA EBC Annex 67 is to acquire and
disseminate knowledge and experience on maximizing the potential of energy
flexibility in buildings. The use of flexibility in buildings is a highly relevant step as
it uses resources already available.
4.3.

POTENTIAL OF BUILDING SECTOR

Buildings account for approximately 40% of the annual energy use worldwide, being
responsible for 36% of the CO2 emissions. Heating and cooling take a substantial part in
these emissions. The transition towards more electrification and reducing the use of
fossiel fuels, combined with the the amount of new buildings to be expected by 2050, the
amount of electricity demand for heat pumps will significantly increase.
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Also the transition from fossil based vehicles to electrical ones, increases the demand for
(renewable) energy. Rather than allowing the additional demand for heat pumps and
electric vehicles to be part of a problem, the capacity of buildings and electric vehicles can
be used in a way that they can be part of the solution.
Taking specific measures, buildings can offer energy flexibility that is valuable for both
evening peaks and energy storage over multiple days.

4.4.

ENERGY FLEXIBILITY OF BUILDINGS

The project team that works on Annex 67 proposes the following definition for Energy
Flexibility of a building:
“Energy Flexibility of a building is the ability to manage its demand and generation
according to local climate conditions, user needs and grid requirements. Energy Flexibility
of buildings will thus allo for demand side management/load control and thereby demand
response based on the requirements of the surrounding grids and on availability of RES,
in order to minimize the CO2 emissions.”
Some of the most relevant devices in a
building that can be used in a flexible
way are:
• Heat pumps for space heating
• Production of (domestic) hot water
• Cooling systems
• Heat pumps for swimming pools
• Electric vehicle charging facilities
They can be turned on to “load” the
capacity of the buffer. This can be the
increase of decrease of the
temperature of the building itself or of
the water in a storage tank or swimming pool. Most of these appliances are rather
straightforward in principle. The flexibility of heat pumps however depends on many
external and internal factors.
DELIVERABLE D9.9 | CO confidential
p. 37

City-zen – GA n° 608702

4.5.

FLEXIBILITY OF HEAT PUMPS FOR SPACE HEATING

The flexibility that a heat pump for space heating has to offer, strongly depends on the
duration over which a heat pump can be turned off, without a loss in indoor comfort.
Many factors matter: building insulation, ventilation system, building mass, size and
orientation of windows, user behaviour, comfort demands, etc. But even for the same
building it depends on the outdoor temperature, position of the sun, occupation, etc.
Reducing heating demand will allow to install a smaller heat pump. This means that the
flexibility offered by the heat pump will be smaller in power (kW) but larger in duration.
Since in winter, when the heat pump is most active, the profile of wind production is more
relevant than the profile of solar production, a longer duration is therefore a strong asset
of flexibility.

A poorly insulated building does not allow
for a lot of flexibility. As soon as the heating
source is turned off, the temperature starts
dropping under comfort level.

4.6.

FACING THE CHALLENGES WITH A HEAT PUMP

In autumn and spring, the heat pump can be used for compensating or flattening the duck
curve.
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Switching on the heat pump when there is a lot of solar production and switching
off the heat pump during the ramping and evening peak, reduces the curves.
Several days without renewable energy production in winter is a far greater challenge.
However, given the right measures heat pumps for space heating can offer a significant
contribution in facing this challenge as well. Consider a building with following
characteristics:

•

Very well insulated

•

Well-sized and good oriënted windows with triple glazing

•

Airtight

•

Ventilation with heat recovery

•

Low temperature floor heating system

•

Heat pump

•

Temperature deadband

The floor heating system is important for allowing the heat pump to operate efficiently: it
adds thermal mass to the building, which creates inertia and makes the building less
prone to sudden temperature fluctuations.

In an energy efficient building a temperature
deadband adds a lot of flexibility compared to
a fixed indoor temperature setpoint. It allows to
heat the building to a higher temperature (e.g. 1
to 3 degrees above setpoint temperature)
during excess wind power production.
Literature shows that after the preheating the
heat pump can be turned off for a couple of
hours up until a couple of days, depending on
the building mass and heat loss of the building.
The flexibility is highest for buildings with
reduced heat losses (deep retrofitting) and high
building mass and a high total weight of the
furniture. The exact amount of flexibility
therefore strongly differs from one building to
another. However, it should be noted that a
temperature deadband only offers flexibility in
buildings where heat losses are very low.
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4.7.

SEASONALITY OF THE HEAT PUMP FLEXIBILITY

Flexibility coming from heat pumps for space heating is only seasonally available, and the
available flexibility varies throughout the season.

4.8.

AGGREGATION

In order to achieve a relevant impact on national level, a substantial number of buildings
should be built/retrofitted in a way they can offer flexibility. Realizing a combined
behaviour during an event, the startup of one or more fossil fueled turbines can be
avoided. Several approaches or remuneration models can be used to achieve this.
One possible way is to work with financial incentives. This way consumers are free to
chose when they use electricity. However, when they use electricity on moments with a
lot of renewable energy production, they will pay less.
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Another way is to aggregate the flexibility of several buildings and trade them on the
energy markets. In this model, the flexible devices are controlled by the external
aggregator and consumers get remunerated for making there devices available for
flexibility.

4.9.

CONTROL ALGORITHMS

For all flexible devices to actually contribute to maximizing the share
of renewable energy - with respect to the boundary conditions of the grid
and production units - well designed control algorithms are essential. These
control algorithms take into account:

•

The building’s electricity needs

•

Balance on the local electricity grid

•

Balance on the (inter)national electricity grid

This way the control algorithms can eighter decide to:

•

Maximize self-consumption

•

Minimize peak demand

•

Minimize demand during peak hours

4.10. CONCLUSION
The foreseen large deployment of renewable energy sources will impact the stability of
our electricity infrastructure. The variable production demands for flexibility in the use
of electricity, either through adapted use or through storage. IEA Annex 67 Energy
Flexible Buildings looks into the flexibility in buildings, i.e. in assets that are already
available. By emphasizing Energy Flexibility, it is emphasized that buildings are able to
interact with surrounding buildings and energy systems. By exploiting the intrinsic
potential for storage and demand response within pre-defined technical and userdefined comfort constraints, buildings can provide Energy Flexibility to the surrounding
energy networks.
The annex looks into the user aspects of energy flexible buildings, as well as additional
costs and energy consumption that could be a consequence of a different use.
The annex identifies relevant barriers, such as the unclarity on the practice for consumers
to participate the energy flexibility programs due to immature market and lack of
regulation. Also, quantitative assessments reveal that the effective monetary savings are
not of the amount that could be considered decisively convincing. Furthermore,
standardization is needed on the interoperability side to avoid lock in effects.
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4.11.

LESSONS LEARNED

The lessons learned of IEA annex 67 so far:
• Thermal inertia of buildings can provide flexibility in the energy
consumption profile of a heat pump. The more lightweight the
building, the more relevant the non-structural materials become, including
furniture.
•

Envelop insulation determines the effective flexibility, and this
is more relevant compared to the thermal mass. For well
insulated buildings, outdoor temperature as well as solar
radiation were both highly relevant. For less insulated
buildings, only outdoor temperature determined the flexibility.

•

The practice for consumers to participate the energy flexibility
programs are not clear due to immature market and lack of
regulation.

•

There are cross-national differences determining the effective
potential for flexibility due to the variety of cultural, geographical, economic,
technological, environmental factors.

•

Activation energy flexibility of buildings requires a substantial attention to user
engagement and open dialogues with all involved stakeholders.
•

To fully harvest the energy flexibility in buildings, a holistic approach is
essential. To optimally benefit from the buildings and energy systems that
are designed and controlled in a flexible way, the energy market and even
occupant interaction should be well designed in order to make the whole
system function as needed.
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GLOSSARY / LIST

HVAC
DER
nZEB
ZEB
VC

OF

ACRONYMS

Heating, Ventilation and Air Conditioning
Deep Energy Retrofit
Nearly Zero-Energy Building
Zero-Energy Building
Ventilative Cooling
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