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Creating Nearly
Zero Energy
Neighbourhoods
The research project ZenN, Nearly Zero
Energy Neighbourhoods, has been aiming to
reduce energy use in existing buildings and
neighbourhoods. For almost five years residential
areas in Sweden, Norway, Spain and France
has been involved in demonstrating large scale
renovation measures with the aim towards nearly
Zero Energy Building (nZEB) standard.
Technical, financial and social feasibility of
innovative low energy renovation for buildings at
the neighbourhood scale has been explored and
disseminated at several scales, local and regional,
with the participation of local actors from both
private and public sector.

”For almost five years residential areas in Sweden,
Norway, Spain and France has been involved in
demonstrating large scale renovation measures
with the aim towards nearly Zero Energy Building
(nZEB) standard.”

This magazine concludes the main findings and
wishes to show to the reader that large scale
energy efficient renovation options can be
possible without jeopardising affordable housing.
We wish you all an interesting read.

Nearly Zero Energy Building?
A nearly zero energy building is a building
with a low energy demand in accordance to
targets set in national definitions by each EU
member state. All new buildings in EU are
required to be nearly zero energy buildings
by the end of 2020.

Installation of the crane. 50 Arlequin,
ZenN demo site in Grenoble, France
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More information and reports
from the project are available at
our website: zenn-fp7.eu

Nearly Zero Energy Neighbourhood
according to the ZenN project?
A nearly zero energy neighbourhood is a cluster of
residential units where the overall energy demand is
low and partly met by renewable energy generated
within or nearby the neighbourhood.
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Facing the challenges
Challenges can be difficult but
overcoming them can reveal
new paths and knowledge that
would otherwise go unfound.
To handle the difficulties, a
project done properly will
examine the road ahead
and identify any challenges
beforehand.
This is exactly what was done in the ZenN project,
where multiple interviews and workshops with
key member partners to the renovation project
were conducted. The discussions highlighted
some common barriers and challenges for
nZEB renovations; to be overcome during
either the decision-making or the planning and
implementation stage of the project.
During the decision-making phase some barriers
will delimit the extent to which renovations can
be made. For example implementing certain
structural changes to a building with architectural
or cultural values that needs to be conserved can
prove a challenge during this phase. Furthermore,
once a renovation of a building is decided as
possible to do the technical nZEB solutions can
often be considered as expensive; and combined
with a payback period of 15 to 30 years this poses
a financial obstacle. Investors in nZEB renovations
are unlikely to make a return of investment since
ownership of buildings changes. New financial
models and a long-term ownership of the building
should therefore be combined, and already
implemented financial instruments in Europe have
shown that overcoming these challenges to nZEB
renovation is possible.
Read more in the ZenN Report
“Report on Common Barriers and
6
Challenges
in Current Practice”, D1.1

When planning and implementing the retrofitting,
acceptance and knowledge from all parties
involved are important factors. By including
residents in the planning process organization
of the retrofitting becomes more complex and
communication is of grave importance to the
project’s completion. The showcase of previously
completed nZEB renovations is recommended
towards both residents and involved professionals
in order to increase the general knowledge.
Additionally it is important to consider indoor
air quality and change in environment due to
the renovation as driving aspects rather than
challenges, this since they impose more tangible
improvements to the residents.

”Technical systems implemented in the
renovating process might require teaching
residents the proper energy efficient
behaviour.”
Last but not least, and crucial to the energy
performance of the building, the energy behaviour
of residents need to be taken into account.
Technical systems implemented in the renovating
process might require teaching residents the
proper energy efficient behaviour. Aside from
teaching residents of the already implemented
system it is also possible to first examine the
energy use of the building and implement systems
that fit the users’ living habits. The right energy
behaviour is a key aspect for reaching the initial
goals of the nZEB renovation. Follow-up of the
project is needed to make sure optimal use of the
building is achieved or if additional adjustments
are required.

Five things to consider when
planning a nZEB renovation:

1.
2.
3.

existing building structure and technical
system affect both decisions for nZEB
renovations and the nZEB renovation
process
High investment costs is the main financial
barrier and challenge for nZEB renovation,
but not impossible to overcome
acceptance and knowledge among
residents as well as communication with
residents are important factors for
successful nZEB renovation

4.

Energy behaviour of residents needs to be
considered after nZEB renovation - in
order to reach set energy targets

5.

Environmental and health issues are seen
as drivers of nZEB renovations, not as
barriers or challenges
Installation of a new panel. 40 Arlequin, ZenN demo
site in Grenoble, France
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The swordfish - anamorphosis by Etien' - 40 Arlequin,
Zenn demo site in Grenoble, France

Nearly Zero Energy
Building Renovation?
ZenNs objectives is to lead the
way to a holistic approach on
optimized near zero energy
building renovation actions.
But how do we define the
renovation? Well, first a system
boundary must be set, then
a way of measuring and
comparing energy demand of
the area is required and finally
local energy generation must
be present.
This is what the ZenN partners have agreed
upon as a definition of what a nearly zero energy
neighbourhood should be. The official definition
is written as follows: “A nearly zero energy
neighbourhood is a cluster of residential units
where the overall energy demand is low and is
partly met by renewable energy, self-produced
within the neighbourhood.”
The system boundary consists of a physical
boundary, containing the studied area, and a
balance boundary that is defining which aspects
in terms of energy are to be examined. The former
can be as small as only one building or it might
encompass a larger cluster of building. The latter
can include anything that is measurable. In the
case of ZenN, where larger living areas along with
energy centres are studied, the physical boundary
is extended to cover multiple buildings along with
decentralized production. The balance boundary

Read more in the ZenN Report “Final
Report on Common Definition for
8
nZEB
Renovation”, D1.2

is agreed upon by all ZenN partners to include
heating, cooling, ventilation and domestic hot
water.
When looking to measure the different balances
of an area it is of interest to compare
measurements of different energy forms and
across different areas in different countries.
The electricity used in a building is produced
somewhere and then transported a certain
distance which means that 1 kWh of used electrical
energy in fact requires 2.5 kWh of primary energy,
at least in the EU.

“The balance boundary is agreed upon
by all ZenN partners to include
heating, cooling, ventilation and
domestic hot water.”
This primary energy is what can be compared and
different energy forms have different weighting
factors. As mentioned electricity has a weighting
factor of 2.5 in Europe. These factors vary
from both energy form and country and those
participating in the ZenN project have agreed on
weighting factors to be used when comparing
primary energy from different countries.
The Energy use of buildings within the system
boundary is then compared with the amount of
renewable generation in the area which needs to
match the load. Measuring delivered and exported
energy to and from the area is also a way to
determine the energy balance of the system and
requires less detailed measurements.

What is a Nearly Zero Energy
Building?

A nearly zero energy building is a
building with a low energy demand in
accordance to targets set in national
definitions by each EU member state.
All new buildings in EU are required
to be nearly zero energy buildings by
the end of 2020.

25 Cities, One Agenda:
My Smart City District
ZenN is part of the initiative My smart City District where
8 projects involving 27 districts belonging to 25 cities
from 13 different countries have joined forces for greater
leverage in sharing contents and promoting energy
efficient renovation for cities and communities
leading to large-scale replicability of sound
energy efficiency solutions. The projects EUGUGLE, R2CITIES and ZenN, have
through the initiative set out
a roadmap for clustering a
number of their activities.
The My Smart City District
initiative provides a coherent
and common communication
outlet to disseminate the projects’
achivements and best practices
towards other cities, stakeholders and
the public at large.

mysmartcitydistrict.eu
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A recipe for successful
retrofitting?
In the beginning there was
the modelling stage. The
evaluation of technical
measures during this first
stage of the ZenN project
brought about four revelations
to aid the initial modelling
stage of similar projects in the
future.
HIGH POTENTIAL FOR ENERGY EFFICIENCY
Starting with the first, and arguably most
fundamental revelation, teaching is the increase in
energy performance. After calculating the results
of the retrofitting, all demo buildings will save
over half of the final energy use and about the
same amount in greenhouse gas emissions. This
finding implies that similar sites should reap similar
rewards when applying a comparable retrofitting
process.
TARGETS SHOULD BE SET EARLY ON
The second revelation conveys the importance
of setting initial targets and requirements of the
whole retrofitting process. Building owners need
to make sure that all relevant actors for the project
are involved at an early stage and that the goals,
in terms of reduction in delivered energy, primary
energy and greenhouse gas emissions, are clear
to everyone.
NEIGHBOURHOOD LEVEL SOLUTIONS SHOULD
BE PRIORITIZED
The third revelation, being more of a pointer, is that
focusing on the larger neighbourhood scale when

deciding where to invest new material is more
cost effective and resource efficient as opposed
to tailoring to changes on the building level. The
inclusion of more sustainable energy management
strategies were shown to be more cost-efficient on
a neighbourhood scale.

FOCUSING ON TECHNICAL DETAILS
IS SUSTAINABLE
As for the fourth and final revelation gained
from the modelling stage; focusing on technical
details is sustainable, both environmentally and
economically. It is suggested that details such as
reducing thermal bridges, higher heat exchanger
efficiency and increased photo voltaic area are
viable options when looking to retrofit a building.
The economical evaluation of reduced energy use
compared to the life cycle costs of implementing
these changes show that it is not only environmentally sustainable but also economically, which
might not be obvious to everyone.

“Of course planning a project of this
size requires some special treatment”
Of course planning a project of this size requires
some special treatment. Certain renovations that
might be incredibly profitable in terms of energy
performance in one building might not be as good
in others. This can be due to existing solutions
already being quite good, some changes being
too invasive of the tenants or the difference
in energy performance might not justify the
investment. All in all these four revelations make
up the recipe for a successful retrofitting.

Four revelations to
aid the initial
modelling stage

1.
2.
3.
4.

High potential for
energy efficiency
Targets should
be set early on
Neighbourhood level
solutions should
be prioritized
Focusing on technical
details is sustainable

Retrofitting project creates
positive domino effects in Eibar

In September of 2016 the corresponding works
of the second phase regarding the integral
retrofitting Project of Mogel neighbourhood
started, consisting of the integral retrofitting
works for the five buildings that did not
participated in the first phase.

At the same time the municipality of Eibar
began their work to improve the urbanization;
with the specific aim of eliminating humidity
from the ground floor of the residential
buildings.
The buildings’ owners were encouraged to start
their retrofitting after seeing the results from the
retrofitting that was carried out in the first phase.
The “domino effect” seen in Debegesa, seen
both through the comprehensive retrofitting
of the neighbourhood of Mogel, as well as the
consequences the process has by itself, is very
encouraging - and so is also the new generation
of processes.
The integral renovation project of Mogel began
in 2006, when the residents, represented by a
neighborhood committee proposed to improve
the accessibility of the neighbourhood, as well
as the accessibility of the residential buildings.
In addition, the roof is covered with solar
thermal collectors used for collecting hot water.
The ZenN project had three site visits to Mogel,
in April 2013, October 2015 and October 2017.

Zenn demo site in Mogel, City of Eibar, Spain.
Read more in the ZenN Report “Technical
Evaluation and General Recommendations
10Retrofitting Measures”, D3.1
on
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Monitoring energy use
Monitoring validates the
feasability of low energy
renovation processes
Goals are something to strive
towards achieving and they
are often set by expectations
and desired outcomes. The
expectations and goals of a
project can be well defined but
achieving these requires a way
of measuring progress in a fair
and reliable way.
The goal of the ZenN project
is to achieve a balance where
most or all needed energy of
a building is produced locally
and a specific monitoring
platform is required to make
certain this is obtained.
This platform requires (1) an understanding of what
the energy balance is, (2) clear system boundaries,
(3) a selection of which physical parameters to be
monitored and where they are measured and (4)
a way of normalizing the data.
Beginning with the definition of the energy balance there are three approaches that all require
different amounts of resources. Monitoring the
energy use of buildings and renewable generation
within the system boundaries is a comprehensive option. It allows for a clear understanding of
whether energy generation is able to match the
load but also requires the most detailed monitoring. Considering instead the delivered and the
feed-in energy of the system allows for simpler
For a full description of monitoring
platform in each demo building of
12 project see D3.2, section 6.
ZenN

monitoring systems to be used. However, this will
not allow distinguishing between whether consumption is supplied by on-site generation or by
external sources. A third, and most basic, option
is a monthly net balance which only considers a
summary of load and generation on a monthly
basis. Comparing these three approaches the first
and second introduced options should be considered whilst pursuing a monitoring of energy use
and generation within the system boundary as far
as possible.
In order to include the measurements previously
discussed, well defined system boundaries are
needed when defining a monitoring platform. In
the ZenN project the system boundary covers the
monitored buildings of the neighbourhood, as well
as the sites producing renewable energy for the
area. Although energy metering for an entire district might be lacking the use of a smaller sample
of buildings and drawing conclusions from it can
solve this problem.

“Parameters may depend on external
factors, for example heating energy is
dependent on outside temperature.”
As previously mentioned, parameters to be
measured include the energy use of the buildings,
including all energy needs and renewable energy
generation, which can be either thermal or electrical energy production. Additional parameters that
might be useful to include are weather variables,
such as temperature, solar radiation and wind, and
comfort variables measuring indoor temperature
and humidity. Measuring all these parameters
requires positioning of multiple sensors at sensible

locations, which can be costly, and the required
quality, quantity and installation restrictions must be
taken into account.
Once data is collected it can be misleading since
some parameters depend on external factors; heating energy is dependent on outside temperature
for instance. It is therefore of relevance to normalize all measurements by comparing the influencing
factors at the time of measurement with a normal
case, summarized from many years of data. Following these requirements will create a platform from
which progress towards the project goals, of the
ZenN project as well as other similar projects in the
future, can be measured in a reliable way.

Looking for reliable data?
This is what your monitoring platform requires:

1.
2.
3.
4.

Monitoring validates the feasability of low
energy renovation processes One primary
aim of the ZenN project is to demonstrate the
feasibility of innovative low energy renovation
processes for buildings at neighborhood
scale. The financial and social validation
of these renovation processes is verified
through their implementation and execution
in the four different demo neighborhoods
under different climatic areas in Europe. The
technical validation of the technologies and
the retrofitting intervention to reach NZEB
will be carried out through the monitoring of
real energy performance of the building and
districts.
By measuring performance at key points in
the solutions, buildings and neighborhoods,
stakeholders will have better information to
identify successful strategies, detect problems,
and understand which activities are working
and which are not; allowing them to make
decisions for continuous improvement and
achieving Zero Energy Building target.

An understanding of what
the energy balance is
Clear system boundaries
A selection of which physical
parameters to be monitored and
where they are measured
A way of normalizing the data
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Welcome to the ZenN Demonstration Site:

Mogel, City of Eibar, Spain
The integral neighborhood
renovation project of Mogel began
when the residents, represented
by a neighborhood committee
proposed to improve the
accessibility of the neighborhood,
as well as the accessibility of the
residential buildings. After several
years of work, a lift installation
project transformed into an integral
renovation project.
The district of Mogel is a residential neighborhood located
in the municipality of Eibar, and consists of 21 collective
buildings which were inaugurated in 1949. The entire
neighborhood dates back to the year 1949 and enjoys a
homogeneous appearance that has remained up to the
present day.
Apart from the lift installation, an energetic efficiency
improvement of the residential buildings was proposed.
This would be achieved primarily by improving the building
cover as well as the installation of a system for sanitary hot
water production by means of solar panels.

Number of
buildings:
21

Total Gross
area (heated):
9.450 m2
Number of
dwellings:
150
Number of
residents:
302

Building use:
Residential
only
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Climate description

Neighborhood profile

Eibar has a humid
marine climate. The
westerly winds and
the sea moderating
influences bring mild
temperatures and a
temperate climate all
year round.

The neighborhood of Mogel is a 1950’s
residential development of 21 buildings on
a sloped terrain. The neighborhood has a
local protection according to the Planning
Regulations of Eibar. The buildings are five
stories high except for one of them, which is
three stories high. Construction consists of a
mix concrete framing and wooden beam floors.
The ground floor walls are composed by a
single layer of load bearing stone, and the rest
of the façade is a cavity brick wall. The roof
structure is made of wood. The buildings have
not had any major renovation. Most owners
(around 90 percent) have installed double
glazing windows on an individual basis.

The average
temperatures are 8ºC
in winter and 20ºC
in summer. Eibar
features mild winters
and moderately hot
summers, and rains
are more frequent in
spring and autumn.

Property Structure

Property in Mogel reflects
the typical situation of the
Spanish residential stock.
Property is very fragmented,
with individual owners
occupying their house,
or renting it to tenants.
Common decisions are
made at building level, and
common actions require
agreements from 100
percent of the owners.
There is a Commission
representing interests from
all owners in the area, but
they are not empowered for
The population structure is mainly low-medium decision making.
income; with a mix of old time residents, third
age and young couples. Half of the population
is over 50 years old.

”An important success factor is that
the residents throughout the whole process have
been well informed about the technical and
economic aspects of the project.”
The aim was to double the effect in the implementation of
the technical building code for new buildings regarding
the data associated to cover losses. In order to achieve
that, the Housing Department of the Basque Government,
through the town council of Eibar, finances the project with
2 800 000 euros, aimed at the owners who will carry out the
rehabilitation works.
An important success factor is that the residents throughout
the whole process have been well informed about the
technical and economic aspects of the project. The
information has been distributed by general assemblies
with the neighbors, meetings with the presidents of the
communities, meetings in the blocks, an information tent in
the neighborhood, e-mails and press work.

proposals for
replication actions

1.

Promote and
encourage the
substitution of poor
windows (although
it is an individual
actuation)

2.

Integral retrofitting of
building envelope

3.
4.

Airtight shutter/roller
boxes

5.

Ensure insulation
continuity in thermal
bridges(balconies)
and any recessing
surfaces

6.
7.
8.

Ensure insulation is
warantied between
conditioned and nonconditoned spaces

Promote the
substitution of
existing boilers for
condensing boilers
Recommend the
installation of
thermostats
Optimize solar
thermal panels
function mode and
commisioing
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Welcome to the ZenN Demonstration Site:

Arlequin, City of Grenoble, France
The neighborhood of ARLEQUIN
in Grenoble is a 1970’s residential
development of 1800 dwellings in
a high-rise complex within a larger
district called Villeneuve.
This neighborhood has benefited since 2008 of an ambitious
social and urban renewal project, which aims to improve the
living environment and strengthen residential attractiveness
through combined actions on urban facilities and equipment,
economic activities and housing.
This project financed by the ANRU (Urban Renewal National
Agency) aims to fix major problems (large scale of the
buildings,lack of vertical passages, etc.) and to promote the
positive points of the residential complex (housing in duplex or
semi-duplex, views on the alpine landscape and the park, etc).
By adding new stairwells and lift shafts, the interventions will
create buildings on a more “human” scale. Furthermore, it
will improve the buildings accessibility and their thermal
performances in order to reduce energy costs for the
households and prevent a worsening of their precarity.
The ZenN project made it possible to set more ambitious
targets than those initially chosen, in order to achieve real
performances close to those of the new housing units.

Number of
buildings:
2
Total Gross
area (heated):
22 173 m2
Number of
dwellings:

243

Number of
residents:
800 – 1 000
Building use:
Residentials
ONLY

Climate description

Neighborhood profile

Moderate climate /
The neighborhood of Arlequin is an
Humid Oceanic.
important residential complex built in
Grenoble deals with
the south of Grenoble in the early 1970s,
harsh winters, but also
to deal with the demographic growth
with heat during summer of the City. It comprises nearly 1 800
seasons. Summer
dwellings grouped in a superstructure
comfort must therefore
that stretches over nearly 1.5 kilometers.
be taken into account in
the design of buildings.
Arlequin is part of the Villeneuve district,
which comprises a total of 4 000 dwellings and 13 000 inhabitants on 120 hectares.
The buildings range from 6 to 15 storeys
and are concrete structure with two
kinds of façade: light pre-fabricated
modules and heavy concrete modules.
Arlequin is labeled “Heritage of the
20th century” by the French Ministry of
Culture since 1999.
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Property Structure

In December 2016 was the official inauguration of the 40 and 50
Arlequin. This marked the end of the exceptional work that began
almost two years earlier, but also the continuation of monitoring
and the perspective of future developments, with “Durable city
and territories” National Call launched by the ANRU.

proposals for
replication actions

1.
2.
3.
4.
5.
6.

Renovation of building
envelope with a large
emphasis on energy
efficiency and detail
correction
Air tightness
improvement process
Indoor thermal
regulation
Auxiliary pump
optimisation.
Installation of
ventilation system
with minimal
controlled air flow.
Relocation of
occupants prior to
renovation

Both 40 and 50 ARLEQUIN are
owned by local social housing firms,
ACTIS and SDH.
40, and initially 50 ARLEQUIN, are
part of condominiums mixing
housing and private housing. The
common decisions are made at the
condominium level, and require
agreements from a majority of the
owners, or sometimes unanimity.
The law applying to condominiums
in France reduces to a maximum
of 50% the number of votes of an
owner holding more than 50% of
lots.

Future developments at larger scale with ”Durable city and territories” program
Although the renovation of the Arlequin neighborhood is completed the work with future developments continues. The City of
Grenoble, Grenoble Alpes Métropole and the City of Echirolles, have answered together to “Durable city and territories”, a national
call launched by the ANRU on the 200 French districts encountering the greatest social, economic and urban problems.
The proposed retrofitting strategy was based of the Zen-N knowledge. The project was among the 20 selected ones on a national
level by the French Prime Minister in December 2015, The studies realized in 2016 made it possible to define and validate an
action plan of 2.5 million euros (funded by ANRU for 1.4 million euros), which aims to develop a shared monitoring platform for
the observation and the regulation of the buildings that will be renovated between 2018 and 2025, to optimize the district heating
network (to limit peak calls) and to experiment the production and consumption, on the scale of the building, of renewable energy
(photovoltaic, recovery on grey water).
17

Welcome to the ZenN Demonstration Site:

Lindängen, City of Malmö, Sweden
About 1 000 residents live in the
four buildings that are included
in the Lindängen demo site.
The buildings were constructed
during the 1970s, and prior to the
renovations performed within ZenN
the buildings had an outdated
heating system, exhaust ventilation
without heat recovery, and old
windows that needed replacement.
The real estate owner saw potential in attracting new
inhabitants to the neighbourhood and to lower the
relocation rate by transforming the buildings into buildings
with a high environmental profile. Such a transformation
was also considered important to carry out because of
its potential to change both the inhabitants’ and the
non-residents’ view of the neighbourhood. It was also
considered reasonable to assume that the energy efficiency
renovations should provide a general uplift to
the neighbourhood as a whole.

proposals for
replication actions

1.

If applying an exhaust
air heat pump solution,
the scale of the Lindängen installation and
the efficiency makes
it a well-balanced
solution in terms of
final and primary
energy decrease as
well as reducing
climate impact in
Swedish conditions.

2.

The property electricity
retrofitting measures
have improved the
building energy
performance more
than according to the
simulation. The submetering indicates that
especi-ally the lighting
electricity use is very
low.

3.

PV solutions like this
one seem to be reliable
in terms of conformity
between the expected
and achieved energy
generation.

”The real estate owner saw potential in
attracting new inhabitants to the
neighbourhood and to lower the relocation rate”

Number of
buildings:
4

Climate description

Oceanic climate. Summers with
average high temperatures of 20
to 21 °C and lows of around 11 to
13 °C, but temperatures do
sometimes exceed 25 °C and
Number of
occasional
heat waves are common
dwellings:
during
the
summer.
Winters are cold,
250
with temperatures steady between
Number of
–3 to 4 °C, and it rarely drops below
residents:
−10 °C. Rainfall is light to moderate
1000
throughout the year with 169 wet
days. Snowfall occurs mainly in
Building use: December through March, but
Residential only snow covers do not remain for a
long time, and some winters are
virtually free of snow.
Total Gross
area (heated):
20 445 m2
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Neighborhood profile

Property Structure

The Lindängen neighborhood is
located in the southern part of
Malmö and has a population of
approximately 6 000 inhabitants.
The average income in the
neighborhood is lower compared to
the average income in Malmö, and
the average unemployment rate is
higher.

Trianon (a private real
estate company) is the
owner of the Lindängen
demo site.

In order to considerably improve the energy efficiency
and transform the buildings into buildings with a high
environmental profile, a number of different measures
were implemented within ZenN. The plan addressed both
social and environmental issues, and included installation
of individual hot water metering, a new heating and
ventilation system with energy recovery, new thermostats,
new windows, energy efficient lighting, new efficient
engines in the elevators with regenerative modules, solar
cells on the roof, and new efficient pumps for the heating
system and hot water circulation system.

4.
5.
Solar panels on roof top. Zenn demo site Lindängen,
Malmö City, Sweden. Photo by Fastighets AB Trianon.

The indoor temperature
metering gives a
very clear view of
the heating system
adjustment needs.
The sub-metering of
property electricity
gives a good overview
of the performance
of the technical
installations.
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Welcome to the ZenN Demonstration Site:

Økern, City of Oslo, Norway
proposals for
replication actions

The Økern nursing home in Oslo,
Norway, is a successful retrofitting
project. The project used known
and well-tried techniques and
products, while the innovative part
of the project was the process
itself and a novel collaboration
with research institutes during the
design and execution of the work.
The nursing home is completely transformed and is more
architecturally adapted to its environment. Major activities
have been additional insulation, minimizing of thermal
bridges and the construction of a building with a lower
air infiltration rate. These measures have reduced the
energy demand for heating by 80 percent; and all energy
for heating now comes from district heating rather from
direct electricity as previously.

1.

A large share
of electricity
consumption can be
covered by locally
produced energy.

2.

Renovation of building
envelope with a large
emphasis on energy
efficiency.

3.

Installation of
balanced ventilation
system with heat
recovery.

”All energy for heating now comes from
district heating rather from direct
electricity as previously.”

Photo by: Tove Lauluten

Number of
buildings:
1
Total Gross
area (heated):
9357 m2
Number of
dwellings:

140

Number of
residents:
140
Building use:
Nursing home
for senior
citizens
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Climate description
In Köppen-Geiger
climate classification:
Dfb = snow, fully humid,
warm summer.

Neighborhood profile
Økern Bo og Behandlings-senter is
located in Bjerke city district in Oslo. The
demonstration case is one out of four
buildings that are connected to each
other. The other buildings were renovated
2000-2010. The buildings are inhabited
by seniors and there is a senior activity
center in connection to the building. The
seniors living in Bjerke city district can
apply for an apartment at “Økern bo og
behandlingssenter”.

Property Structure
The building is owned by
Omsorgsbygg and rented
out to the city district. Both
are part of the City of Oslo.

The total energy demand for Økern Sykehjem is reduced
by 66 percent from 357 kWh/m2year to 120 kWh/m2year.
The techniques and products used to achieve this are not
that innovative, rather they combine a series of known
and well-tried measures within the same project. The
innovative part of this project has been the process and
the manner in which we have collaborated with research
institutes during the design and execution of the work.

– The major lesson learned so far is that energy
efficient renovation really is not that complicated.
It is in fact not any more difficult than a standard
renovation, says Flemming Roggbif Idsøe, technical
coordinator at Omsorgbygg Oslo.

Replication is already happening in Oslo

After the successful demonstrator of Økern sykehjem in the ZenN project,
Omsorgsbygg is already replicating the results. At Pastor Fangens vei 22,
Omsorgsbygg is rehabilitating and transforming a building into modern
dwellings for the elderly.
By using the same approach as was done at Økern the energy use is reduced
by 60% through adding insulation, minimizing thermal bridges, introducing
new demand controlled HVAC and energy efficient lighting.
In addition the roof is covered with BIPV which will produce around 30%
of the annual energy used by the building. Tenants will move into the
building in January 2017. The ZenN project had a site visit to the building in
November 2016.
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Decreased energy use
after renovations
After the monitoring evaluation
of the ZenN demonstration
sites we can see a significant
decrease in energy use after the
renovations. The demonstrators
displayed a very high potential in
energy retrofitting.
The ZenN monitoring report displays energy
balance results obtained for the finished, retrofitted
demonstration areas. The results have been gathered
and analysed after a monitoring process over one
year of operation, comparing with the previously
established energy consumption and environmental
performance targets obtained through simulation
models.

ENERGY REDUCTIONS ACHIEVED BY THE ZENN
DEMONSTRATORS
At a general level, the monitored results have shown
a reduction of 26-67 percent of building energy loads
referring to final energy in the retrofitted buildings.
This displays the general great potential to reduce
energy loads in similar neighborhoods.
The renewable energy share is higher than 90 percent
in Grenoble where the local district heating is fed
by biomass. In the case of Oslo and Malmö, the
local photo voltaic (PV) panels’ electricity production
have contributed to 7.5 percent and 4.3 percent of
the total energy demand of the buildings. These PV
panels’ contribution in a sole electricity perspective
is more significant. In the case of Mogel, the area of
flat solar collectors installed on the rooftop should
be able to cover 30 percent of the DHW load, as
initially expected. However, the distribution side needs
optimization, why the monitored final renewable share
of the Domestic Hot Water (DHW) demand is lower at
this point.

Read more in the ZenN Report “Taxonomy of nearzero energy renovation options and their influence
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on
architectural and cultural heritage”, D4.1

PROPER EXECUTION, IMPLEMENTATION AND
MAINTENANCE OF THE SOLUTIONS
The proper execution and implementation of the
designed solutions is essential to achieve the
expected results in building energy loads. Concerning
active technologies, besides the implementation,
commissioning is of high relevance in order to
achieve the expected results, including the settings
and control functions of the operation mode of all
active systems. Also periodic maintenance of active
technologies is important in order to keep systems
functioning properly. The integration of the systems
into Building Energy Management System (BEMS) for
management and proper operation of buildings has
been perceived as one of the key issues in order to
reduce energy use of buildings.
USER BEHAVIOUR IS DETERMINANT TO MEET
ENERGY TARGETS
Also, the energy behaviour of the building tenants is
determinant for the level of energy efficiency that is
possible to reach. This is examplified e.g. in Arlequin
40 and Mogel, where building tenants have control
of the space heating indoor settings through access
to boilers and the hand regulating valves, called
“thermostatic valves”, at the inlet of heaters. Training
actions to the tenants and staff on how to operate
their buildings can bring further energy reductions in
these neighbourhoods is important in this perspective.
VALUABLE LEARNINGS OBTAINED FROM THE
MONITORING PLATFORMS
Overall, the detailed monitoring platforms installed
in the four demonstration sites of ZenN have verified
that achieving NZEB in existing buildings is possible.
The monitoring platforms also function as a valuable
tool to identify potential operation problems, to
optimize system operation during commissioning and
to identify areas of further improvement concerning
future projects of nearly zero energy neighbourhoods.

Starting a energy retrofitting project?
Consider this:

1.
2.
3.
4.
5.
6.

Energy retrofitting has a great potential to
reduce the energy loads of existing buildings.
There is potential to integrate on-site renewable energy
generation to match building loads and reach NZEB.
The chosen solutions are simple and well-proven,
and the technologies perform efficiently.
Design is important, but also the implementation
and commissioning of the solutions.
Maintenance of the systems is necessary to meet
the expected energy targets.
User behavior is determinant in meeting energy targets.

Christophe ROMERO, project manager and part of the ZenN research
team, working at City of Grenoble & City of Tomorrow Unit, france
What needs to done before the start of a nZEB renovation of a building?

– Before starting an nZEB renovation it is essential to make the right diagnosis, to identify
the different aspects of the project, the hard points to be dealt with, to associate and
mobilize at an early stage all the people ”resources” likely to be involved in the project,
starting with the occupants. All this preliminary work should not be underestimated, as it
determines the smooth running and success of the project.

If you can send one message to someone who wants to initiate a nZEB renovation, what would that be?

– The message would be: ”set ambitious but realistic goals for your project, agree to re-examine your usual work
processes, create an ad-hoc steering mechanism that mobilizes, in a
”Preliminary work should
project mode, the various stakeholders and qualified people outside your
organization”. The aim is to create an environment conducive to innovation.
not be underestimated,

What would you say is of most importance for the energy consumption?

as it determines the
smooth running and
success of the project.”

I would say that three factors must be combined to control and reduce the
energy consumption of a building:
• Define a thermal renovation project adapted to the needs and specifics
of the building, with the greatest care for the design but also the
implementation of the chosen solutions, that must be simple, proven and effective ;
• Pay as much attention to the regulation of heating and domestic hot water systems as to the treatment of the
envelope, otherwise the technical solutions implemented will be inefficient ;
• Associate and support the occupants of the building, to make them aware of the challenges of energy saving.

It is the combination of these three factors which makes it possible to achieve the desired performance and to ensure
its maintenance over time.
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Starting the
renovation phase
Consider this when
planning the renovation!
No matter the type of building
or the extent of the renovation,
when looking to start the
renovation phase of a building,
many different options should
always be considered. The
near zero energy renovation is
not an exception, and the final
solutions could imply many
changes of the way a building
looks and feels.
A change of internal insulation will for instance not
create great impact for the residents other than the
increase in energy efficiency. Therefore, when looking
into such renovations, the different deciding factors
can be categorized in two different ways.
The first one being technical and non-technical
drivers and the second including a spatial quality

analysis. Using these complementing methods,
attention is directed both towards energy efficiency
and spatial quality when looking at architectural value
and cultural heritage.

•
•
•
•

Economic and ownership structures
Stakeholder awareness and behaviour
Legislation, policy and governance
Architectural values and cultural heritage

These four categories along with a technical one
should be considered when discussing options of
nZEB renovations. In addition to this, cultural heritage
and architectural values are examined by a spatial
quality analysis. This takes into account some aspects
that are more obvious to the human perception, such
as views, spatial arrangements and density of both
buildings and humans living in an area.
By acknowledging these architectural concerns
energy efficient renovations can be made more
widely accepted by owners and residents and have
a more visible impact on the quality of life for those
affected by the changes.

The four categories of non-technical drivers along with a technical one
should be considering when discussing options of nZEB renovations.

Economic and
ownership
structures

Stakeholder
awareness
and
behaviour

Read more in the ZenN Report “Taxonomy of nearzero energy renovation options and their influence on
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architectural
and cultural heritage”, D4.1

1.

Legislation,
policy and
governance

Architectural
values and
cultural
Heritage

2.
3.

By focusing on what influences
the driver, whether it is
technical or non-technical,
taxonomy of near zero energy
renovation options opens up a
new way to consider drivers.
The taxonomy of near zero
energy renovation options are
at times co-depend and in
certain aspects overlap.
The spatial quality assessment
for the ZenN demonstrator of
Grenoble indicates that spatial
quality is affected by the
dwelling renovation.

Oslos city government
invites public building
owners to follow the
Økern example

The renovation of the Økern nursing home has
generated a great deal of attention, partly due to
the successfull installation of energy production
from the photovoltaic on the roof. The city
government is launching a new ambitious energy
policy, causing other building owners to looks
at the ZenN project for knowledge on how to
achieve large reductions in energy demands.
The renovation of Økern nursing home was
finished a little more than a year ago but the
interest for the project is still high. We have site
visits at least once a month says project adviser,
Lene Lad Johansen. The main reason, she says, is
the energy production from the photovoltaic on
the roof.
– Økern was the first public building in Oslo to
install such a system. The recently elected city
government is launching a new ambitious policy,
and is putting money on the table for more
installation like the one we have on Økern. That
triggers interest from other building owners that
looks to us and the ZenN project for learning how
to achieve large reductions in energy demands
and introducing renewable energy production on
existing buildings.
The Økern project was only recently nominated
for a local climate action award.
– Although we did not win, just to be nominated
says something about how important the project
has been, Johansen says.
In 2015 the roof production of Økern nursing
home has produced more than 92 000 kWh
saving more than 65 tons of CO2, depending on
the energy mix used. Omsorgsbygg is putting
the lessons learned from Økern into new projects
and already has three more photovoltaic systems
on buildings planned.
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Let’s work together
Renovated playground, Lindängen. Photo: Sanna Dolck, Malmö Stad

ZenN refurbishment creates great results in Lindängen, Malmö

When inciting change importance
lies in the interest of the affected.
Solving someone else’s problem
is often difficult without their
support and cooperation. The
future demands that everyone
contribute in order to overcome
the energy use obstacle.
Showing one possible path is what the ZenN
project has done; making buildings more energy
efficient through near zero energy building
renovations. However, choosing that path requires
certain prerequisites.
In a study done by ZenN in 2015 some of these
requirements were discovered and defined as
raising awareness and observing stakeholder
behaviour. In order to raise stakeholder awareness
and incite nZEB renovations scepticism and
misconception need to be overcome. By
addressing issues and preconceived notions of
what nearly zero energy buildings might imply
negative inclination to the renovation or the
use of new installed technology can be avoided.
Through study visits, showing completed phases
of the demonstration sites, the benefits of nZEB
renovation can be illustrated.

Communication between end-users and
project participants was shown as a key factor
for the project’s success and an open two-way
communication was used throughout the whole
project. This was specifically useful for dealing with
problems that arose and also in addressing local
concerns among residents.
The final yet incredibly important part of a
renovation of this type is the end-users’ behaviour.
Because even with efficient energy systems and
technologies in place the residents must be
willing and able to use them properly. Knowledge
on optimal use and maintenance of new energy
systems can be obtained through training of
the residents during initial occupation and the
development of a guidance manual.

”Communication between end-users and
project participants was shown as a key
ingredient for the project’s success”
The ZenN project aims to create a path
of energy efficient renovation for project
participants and end-users to follow. Demanding
renovation circumstances are overcome through
communication and demonstrations and the
education of end-users concerning how to partake
in the new functionalities of energy efficiently
renovated buildings.

At the Lindängen demo site, located in the southern part of Malmö, Sweden, the
refurbishment is completed, and th results from the monitoring have arrived. And it
looks good! According to the measurements the energy use has decreased by over 40%
the previous eight months. And the same seems to be the case for the climate impact.
The owner, Olof Andersson,CEO at real estate company Trianon, is glad to see the
results from the refurbishment, but also wants to check in on what can be done to
improve the numbers even further. “We have not yet reach the goal, but we have come
a long way”, he says.
Something that has been done to decrease the energy use even further is the
introduction of individual billing of hot water. The metering was already in place,
combined with massive information. If the actual billing has an effect of its own on the
use of hot water is still too early to say.

EUSEW Open house-events at the
Spanish demonstration site in Eibar

The Mogel demonstrator in Eibar organized two activities as part of the
Open house events coordinated by MySmartCityDistrict.eu within the
frame of the European Sustainable Energy Week (EUSEW).
The events in Eibar consisted of a public presentation of a 13-minute
documentary video showing the deep renovation process that Mogel
has undergone, from the perspective of all involved stakeholders. The
video, financed by the ZenN project as a dissemination tool to promote
replication, shows the transformation of Mogel due to its participation
in ZenN. It features testimonials from neighbors and owners, public
authorities as well as involved industry and other stakeholders.
Additionally a site visit was organized the following day for
representatives of Municipal Retrofitting Agencies of the Basque
Country.
The guided tour presentad an opportunity not only to see the outcome
of the demonstration, but also to share first-hand insight on the
organisational and management-related details of the process from the
point of view of public authorities.

Read more in the ZenN Report
“Stakeholder Awareness and Behaviour”,
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D4.2
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Lindängen Amphi teather,
Photo:Linda Jonsson. Malmö Stad.

Finding a successful
financial model
Inviting owners and investors to
participate in a costly renovation
process, both with their time
and their money requires a well
thought out plan. The nature of
nZEB renovations will include big
investments and an even longer
payback time which discourages
many investors.
Guidelines for how ownership and economics are
to be structured is therefore of great importance
to the success of replicating the demonstrations
of the ZenN project. The following findings and
conclusions are obtained from the completion of
the project.
When suggesting nZEB renovations there are
three different types of buildings that need to
be considered; rented, owned and municipal or
public properties. The different ownerships or
users of those three different buildings also lead to
different incentives for deciding whether to invest.
This in turn means that different approaches are
needed.
When starting nZEB renovations in a rental
building investments are generally made by the
owners and not the residents, meaning advantages
such as improvements to quality of life and
accessibility are not of direct consequence to
the investors. Financial gain is however of direct
importance which in the case of rental buildings
are decided by income from tenants and costs of
utilities.
Considering the improvements procured from the
renovations the building owner can in turn increase
the rental cost, which combined with lower cost of
utilities provide a substantial financial gain for the
investors.

Considering instead owned buildings where the
owner and investor earn all the benefits previously
mentioned one would conclude there should be
no problem. However, the long payback time of
the renovations made in the ZenN project creates
difficulties when ownership of the affected building
changes. Some countries have already adopted
innovative instruments for financing energy
improvements which make initial investments
more manageable. Some examples of this are
The Green Deal, Property Assessed Clean Energy
Program (PACE) and Public Third Party Investor.

”Some countries have already adopted
innovative instruments for financing
energy improvements which make initial
investments more manageable.”
Municipal and public buildings on the other hand
are not just driven by financial and energy savings
but by more ideological causes as well. Setting
good examples by improving energy performance
and disseminating the idea of nZEB renovation
might be considered more important than financial
gain.
In conclusion, the findings from the ZenN
project have helped realize the key factors to a
successful financial model with project partners;
indicating they would use the same model again
or recommend the solution to other building
owners. This can further be seen by the domino
effect created by the demonstration sites in Eibar
and Oslo where multiple additional plans for future
renovations have already been made.

PAWEL NOWAKOWSKI, part of the ZenN research team, WorKing at ASM-Market Research
and Analysis Centre, project leader in financial aspects analysis
What is important to consider at the beginning of a renovation
process regarding funding?

– Energy efficient renovations are complex and demanding projects and thus they require
good management skills and training. Managing finance and budget is crucial part of such
ventures. There are many questions that are needed to be answered before the renovation process starts. It is
definitely worthy to examine available financial options, e.g. funding schemes or financial institutions who provide
loans for nZEB renovation, and it is important to prepare a budget to accommodate unexpected costs.

What new opportunities for financing nZEB renovations are there?

– The newest opportunities try to address the biggest financial barriers: the high upfront investment costs and split
incentives between owners and tenants. Split incentives refer to a problem of fragmented ownership and building
use structure – this is quite common case that party financing the investment
”Energy efficient renovations,
and taking the investment risk is not the one who obtain the financial
benefits from reduced energy use. The most innovative solutions face both
especially such deep and ambitious
mentioned problems.

A nZEB renovation have a long payback time, so what is the advantage to
do a nZEB renovation?

like nZEB projects, guarantee
upgraded market value of the
building which is strong
encouragement for any potential
investor.”

– nZEB renovations are multidimensional projects and apart from difficulties
provide many positive results. Despite obvious things like environmental
benefits, we can expect some attractive side effects for dwelling users or
owners. Apart from trying to generate financial and energy savings, more
and more investors are also interested in improving energy performance
due to political and social drivers, and what is more, they perceive such investments as good business opportunities.
Energy efficient renovations, especially such deep and ambitious like nZEB projects, guarantee upgraded market
value of the building which is strong encouragement for any potential investor. Another issue is image/brand aspect
– the energy awareness among the society is increasing and it starts to become appreciated and welcome if the focus
on building energy efficiency is put – it is especially important in case of the commercial properties.

If you can send one message to someone who wants to initiate a nZEB renovation, what would that be?
Read more in the ZenN Report
“Economic and ownership
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structures”,
D4.3

– KEEP CALM AND CARRY ON! This slogan originating from the greatest motivational poster ever can successfully
serve in nZEB renovation context.
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The next step
– retrofitting scenarios
In this chapter we present
different retrofitting scenarios
for each of the pilot buildings
and chooses one scenario
which presents how the final
retrofitting will be done. The
results are oriented towards
safe inclusion of viable
technologies developed
during the course of the
project.

Summary of the improvement
proposals for replication
actions

1.

2.

The tables summaries improvement
proposals for each building giving
valuable information for replication
actions. As the table shows the
experiences is unique for each pilot but
some common features can be seen:

•
•
•
•
•

3.

Airtight building envelope
A high degree of insulation
Windows with a low U-value
Efficient ventilation system
Temperature control/thermostats

The choice and design of the
ventilation system is of great
importance for the final energy
consumption. A large degree of heat
recovery is of importance.
The use of PV for local energy
generation on site has worked well for
the pilot buildings.

Mogel, City of Eibar, Spain.

Read more in the ZenN Report
“Improvement proposals for
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replication
actions”, D3.4

Lindängen Demosite
Further improvements for future
Learnings from Lindängen demonstration
renovation projects based on experiences
site – proposals for replication actions
from ZenN

Reason

If applying an exhaust air heat pump
heat recovery solution, the scale and
efficiency of the Lindängen installation
have enabled a rather balanced solution
in terms of a significant final energy
decrease at the cost of a marginal
primary energy increase. Since both
significant final and primary energy
savings have been achieved overall (see
the total reduction figures in summary
above), a balance total solution in both
perspectives could be reached even
when applying the heat pumps.

In the sole primary energy perspective,
the exhaust air heat pump solution
is not recommendable in today’s
conditions. If being able to reach a COP
of approximately 5 and, for example, also
ensuring a local renewable energy supply
for the pumps, there would be a definite
increase in the environmental reliability of
the solution.

A COP of 5 means an
approximately neutral
effect of the heat pumps
in a primary energy
perspective which would
make it justifiable in
this perspective. With
also a purely renewable
energy supply, a reliability
improvement should also
be reached in the climate
perspective.

The performed property electricity
retrofitting measures have improved the
building energy performance more than
according to the simulation. The submetering system indicates that especially
the lighting electricity use is very low.

It is difficult to evaluate if even better
measures could have been performed,
but the higher level of success compared
to calculation implies that they are
recommendable.

-

PV plants as installed in Lindängen seem
to be reliable in terms of conformity
between the expected and achieved
energy generation.

The metered PV electricity generation
was even higher than in the calculations.
The normal-year correction indicates that
the generation could be somewhat lower
a normal year but still in line with what
has been expected. Approximately 20
% of the PV electricity generated during
the year was exported to the grid. For a
better pure self-supplying system, there is
therefore room for improvements, in terms
of local energy storage and other types of
local utilization of excessive electricity.

The achieved DHW demand of 47.1
kWh per m2 and year compared to the
baseline value of 60 kWh per m2 and
year (see D3.3) indicates an effect of
the overall district heating deliverance
measures (new heat exchangers,
new heat stations etc.). Since the
individual billing of DHW has not been
implemented yet, reductions compared
to the baseline value of should be mostly
due to these system improvements.

It is difficult to evaluate to overall success of the DHW measures as a whole furtherly
since the individual billing system was not
implemented during the project time.

The sub-metering system of property
electricity has given a good overview
of the performance of the technical
installations. Malfunctions in the system
is very simple to detect and the yearly
performance could easily be compared
with expected values etc..

The sub-metering system has only been
implemented in one of the high-rise
buildings. For a more assured overview
and monitoring of performance of all of
the buildings, the same detailed metering
system should have to be installed in all.

Local energy storage and
utilization of the excessive
electricity should be
assessed and tried furtherly
for similar cases, e.g. for
avoiding disturbances on
the electricity grid that can
be caused by small-scale
PV electricity export.

Operation malfunctioning
is not as easy to detect
and assess in detail in
the buildings without the
sub-metering system.
The possibility to assess
the performance quality
of each installation is
also simplified with submetering and comparisons
between all buildings.
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Økern Demosite
Learnings from Økern
demonstration site – proposals
for replication actions

Further improvements for future
renovation projects based on
experiences from ZenN

Reason

A large share of electricity
consumption can be covered
by locally produced energy

PV was the chosen energy solution at
Økern. The walls can be used (together
with the roof) to get a larger area of PV
panels installation (this was presented by
numbers in Scenario 2 and 3 in D 3.1).

The installation of PV panels for
energy production has proved to
be successful and also economical
beneficial according to the LCC
analysis of Scenario 2 and 3 in D3.1.

Renovation of building
The building was renovated up to
envelope with a large emphasis the Norwegian Passive House level.
on energy efficiency
Although the requirements was high,
there could have been larger focus
on reduction of thermal bridges and
increased air tightness (Sc 2 and 3 in
D3.1), resulting in better U-values in walls.

Installation of balanced
ventilation system with heat
recovery

The installed ventilation equipment had
80% heat recovery. The heat exchanger
efficiency can be increased further by
technical equipment chosen as basis for
calculations in Scenario 2, D3.1.

Renovating buildings up to the
Norwegian passive house level results
in an increased level of insulation and
large emphasis on air tightness. This
makes a large difference when the
starting point is a building from the
1970's (Økern was built in 1975). The
resulting building envelope ended up
as a very efficient building, but some
more energy reduction would have
been possible if the requirements on
energy efficiency were stricter.

Arlequin 40/50 Demosite
Learnings from Arlequin 40/50
demonstration site – proposals for
replication actions

Further improvements for future
renovation projects based on
experiences from ZenN

Reason

Renovation of building envelope
with a large emphasis on energy
efficiency and detail correction
(Thermal bridges) thank to a
thermal bridge reference book
to be considered for any new
retrofitting operation.

The buildings were renovated
according to the French Low
Consumption retrofitting standard.
The requirements to reach a higher
level of performances lead to focus
on reduction of thermal bridges
resulting in better U-values in walls,
and roofs.

The engineering firms do not consider
thermal bridges impact when energy
performances are estimated.

Air tightness improvement process

The usual value for air tightness
according to the French Low
Consumption retrofitting standard
has not been considered as
sufficiently ambitious. A target at
level of Q4 < 1.1 m3/h/.m² (French
standard) has been chosen but only
an average maximal value wad
specified for the tested apartment.
A maximal value for each test with
the European indicator N50 in
ACH will be specified for any new
retrofitting operation.

The French standard Q4 in m3/h/.m²
is not the most adapted to control
correctly the quality of air tightness.
It is possible to get better result by
choosing a flat with a high rate of walls
and ceiling in contact with the outdoor.
The European standard will be
specified to get a reliable air tightness
indicator whatever is the location of
the flat in the building.

Indoor thermal regulation

The control of indoor temperature
has been improved for the building
ARLEQUIN 50 with a 2 ways valve
controlled by temperature sensors
located in the living room. It has
allowed to reduce overheating
during winter time and to reduce
heating energy consumption.

A monitoring campaign in Lyon of
a 55 flats social housing retrofitted
building has shown the efficiency of
such a technical solution. A reduction
of 20% of heating energy consumption
has been measured with 2 ways valve
controlled by temperature sensors
located in the living room compare to
usual thermostatic valves mounted on
the heater.

Auxiliary pump optimisation

As heating demands has been
dramatically reduced thanks to
thermal insulation, specific electric
consumption can reach a high
part of global energy balance
of buildings. Consequently, the
circulation pump control strategies
should be optimized, if possible
with integration of storage capacity
to allow pump stopping

Building monitoring campaigns have
proven that auxiliary pumps could
reach more than 20 kWhEp/m².year
if they are not controlled in a correct
way for heating and DHW. With
adaptation of hydraulic architecture
and control strategies, such energy
consumption can be dramatically
reduced.

Installation of ventilation system
with minimal controlled air flow

The installed ventilation equipments The CO2 rate can reach up to 2000
ensure minimal air flow in dwellings ppm in a case of Hygrometric
to warranty indoor air quality
B ventilation system in dwelling,
(hygrometric A instead of usual
because of too low air flows. Only
Hygrometric B according to French
Hygrometric A ventilation system
standard).
show a good compromise between air
quality and energy efficiency.

Balanced ventilation with 80% heat
recovery is a common and settled
technology and more progressive
heat exchanger technology can be
found at the market to increase the
energy efficiency further.

Eibar Demosite
Learnings from Eibar
demonstration site – proposals
for replication actions

Further improvements for future
renovation projects based on
experiences from ZenN

Reason

Promote/encourage the
substitution of poor windows
although it is an individual
actuation

Higher space energy use for dwellings
with old windows.

Poor thermal transmittance and leaky
windows lead to increase the space
heating needs because of the low
surface temperatures of the glazing’s
and higher infiltration rates.

Integral retrofitting of building
envelope

Waranty insulation continuity and
air tightness in the whole building
envelope, specially in window /façade
joints.

The joint of the façade/window is
one of the weak points of the façade
and lead to unwanted external air
infiltrations.

Airtight shutter/roller boxes

Ensure the well execution of roller
boxes, plugs or any wire coming from
the façade

These are generally weak points
related with airtightness

Ensure insulation is warantied
between conditioned and nonconditoned spaces
Ensure insulation continuity in
thermal bridges(balconies) and
any recessing surfaces

In order to reduce any thermal losses
between roof/ceiling slabs and
ground/floor slab.
IR thermography has shown that these
are areas that need further analysed

Promote the substitution of
existing boilers for condensing
boilers
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In order to improve the performance
ratio.

Recommend the installation of
thermostats

In order to warranty a stable indoor
comfort temperature and this not
surpassed.

Any additional ºC of space heating
increases sharply the space heating
energy use.

Optimize solar thermal
panels function mode and
commisioing

Panels performance is far from what was A better performance can be achieved
expected.
with the primary circuits set points.

It has been demonstrated that the
thermal bridges could induce an
increasing of the heating demand up
to 50%. Moreover, for some cases, the
thermal bridges can be responsible
for moisture development in the
apartment.
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Graffuturism by Augustin Kofie (LA) - 5O Arlequin,
Zenn demo site in Grnoble, France

Legislation and policy

– success factors for increased replication
For owners and investors to
decide on a costly renovation
process, many considerations
must be made both timely and
monetarily. Policy and legislative
prerequisites are important parts
of these decision processes.
Through experiences gathered in
Sweden, Poland, Norway, France
and Spain, common patterns
within legislation, governance
and policy for residential energy
retrofitting were identified, to
help increase the replication of
these investments.
When suggesting nZEB renovation approaches three
different types of buildings need to be considered;
rented, owned and municipal or public properties.
The differing ownership and usage of these three
categories do not share the same investment
incentives, meaning that different approaches are
needed.
The ZenN experiences cover a broad perspective on
this since all of these categories are represented by
the four demonstration projects. Despite of differing
incentives, many barriers for deciding on an energy
retrofitting project have been found common between
the countries. Four areas of success factors for
increasing residential energy retrofitting have been
pinpointed through the barriers, and exemplified in
different ways through the different characteristics of
the demonstration projects.
The importance of a high national political
ambition and effective national energy efficiency
requirements has been demonstrated in the
represented countries.

Read more in the ZenN Report
“Leglisation, Goverenance and Policy”,
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Generally it can be concluded that a more consistent
chain of policy actions is necessary, from the
comprehensive level of EU Directives and national
targets to detailed regulations and control systems of
the buildings’ real energy performance. This includes a
displayed need for better consistency between overall
national strategies and relevant regulations. Also,
lacking consequences have been displayed where
legal requirements (e.g. within energy efficiency level)
are not fulfilled.
The importance of improving financial/economic
support systems has been expressed in different ways
depending on the national or regional circumstances.
A general and significant challenge described with
in the ZenN project is high investment amounts. It is
clearly displayed that improved financial support for
energy retrofitting could be necessary even for cases
where an anticipated profitability could be seen for
retrofitting investments. Also, an overall focus on
short-term investments and short payback time is a
barrier to consider in the forming of financial supports.
Economic measures discussed to solve the problems
have been e.g. tax-free deposits of profit into
retrofitting funds, zero interest loans and municipal
financing funds for energy efficiency retrofitting.
The importance of increased and equalized
knowledge among the energy retrofitting
stakeholders has been displayed e.g. through
inadequate insight for building owners in their
retrofitting needs and potential in retrofitting
measures. In Norway and France, research centers
within the field of low-energy retrofitting have
been implemented for enabling solutions to these
problems. Further policy measures aimed to improve
the knowledge are increased studies of best practice
examples and an increase of web based guidance.
The importance of national policy measures to
overcome barriers for renewable energy has been
widely displayed and analyzed for all participating
countries. Barriers for a large-scale expansion in
renewable energy generation have been found e.g.
within inadequate ambitions for renewable energy in
national energy strategies as well as uncertainty in the
level of support that is possible to obtain from today’s
financial support systems.

Success factors for increased
replication of residential energy
retrofitting:

1.
2.
3.
4.

a high national political ambition and
effective national energy efficiency
requirements
improving financial/ economic
support systems
increased and equalized knowledge
among the energy retrofitting
stakeholders
of national policy measures to overcome
barriers for renewable energy

Rasmus Andersson, part of the ZenN research team,
working at IVL Swedish Environmental Research Institute in Sweden
What do you see as the main key success factors for increased replication
regarding legislation, governance and policy?

– A more consistent chain of policy actions should be necessary, from comprehensive
national targets to detailed regulations as well as control systems that ensure that the
requirements are fulfilled. It has been displayed that comprehensive policy decisions often are
not supported by relevant regulations, and that there is often lacking consequences if regulations are
not fulfilled. Also, a generally higher insurance of the level of financial support that can be obtained for
renewable energy has been advocated.

What do you think can increase the knowledge among the energy retrofitting stakeholders?

– Research and information centers within low-energy construction, retrofitting and urban renewal have been
implemented e.g. in France and Norway to increase the knowledge among these stakeholder groups. Also
web based guidance and local innovation platforms could be important tools to increase the knowledge.
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Holistic Designkit
– a good start
The aim of design kit is to create
a starting point for upcoming
nZEB renovation projects to
include non-technical drivers
in nZEB renovation as part of
the decision making process.
Non-technical drivers can be
difficult to quantify as they
consist of both qualitative and
quantitative components. The
ultimate objective is to ensure
energy efficiency targets set in
the design phase are realized in
operation.
The design kit is aimed at building owners, but all
stakeholders such as project managers, architects,
engineers, facilities managers and residents are
recommended to respond to indicator questions
once they have been established by a project. By
identifying and prioritizing indicators throughout
the renovation process we are able ensure that the
building designs meet usability needs.
The kit can be considered as a “thinking tool” for
stakeholders’ use at the different stages of the
renovation process – before, during and after the
nZEB renovation project – in order to update results
and inform about decisions in line with any changes
that may have occurred during the renovation.
There are three main elements of the design kit:
(1) dimensions developed for non-technical drivers for
nZEB renovation; (2) guiding questions which

Read more in the ZenN Report
“Holistic Design Kit for nZEB
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a project can refine to case-specific questions; and
(3) a workshop to discuss results of indicator
questions, to identify gaps in knowledge and to
facilitate decision making related to non-technical
drivers.
The developed dimensions from the lessons learned
in each ZenN demonstration project are based on
four non-technical drivers:
Architectural values and cultural heritage
Stakeholder awareness and behaviour
Economic and ownership structures
Legislation, governance and policy

•
•
•
•

”The kit can be considered as a “thinking
tool” for stakeholders’ use at the different
stages of the renovation process.”
Guiding questions, based on each dimension, aim
to facilitate other nZEB renovation projects in their
performance assessment of non-technical drivers.
The guiding questions are generic, and need to be
further refined to the local context of each particular
nZEB renovation project.

Some examples of
questions to help you on
the way:
What design
details have
impact on user
behaviour?

Who are key actors
to drive energy
efficiency while
maintaining wider
renovation goals?

How do energy
performance
What design
solutions
features increase/
complement the nudge residents to
building’s cultural be energy aware?
heritage/
character?
Are there financial
instruments
offering surplus
funds accessible
on demand (when)
if needed
(unexpectedly)?
How does the
project team
prepare for
building handover
to the owner?
How do different
stakeholders
interpret policies?
What are the
available national
funding schemes?

Will the building
meet all modern
day building
standards after
the renovation?
What approaches
and schemes are
available to obtain
a return on
investment in
energy retrofitted
buildings when the
investor is not the
occupant?
Are life cycle
costs of energy
generation
included in the
decision of applied
energy solutions?

You can find more information and the
Holistic Design Kit in the ZenN Guidelines
Report and in the Zen Report D.4.5 Holistic
Design Kit for nZEB Renovation.

CArmel Lindqvist, part of the ZenN
research team, working at
Norwegian University of Science
and Technology
Why a design kit – how can
it be helpful?

– The design kit helps the decision-making
process by guiding project managers, designers and
other stakeholders to include essential non-technical
dimensions of the project that have long term
consequences on profitability, usability and architectural
value of the building.
– The list of dimensions have the potential to help
those responsible for new nZEB renovations to have
an overview of challenges and solutions that may arise
during the process. In this way, there is a potential to
foresee what decisions are needed, as well as identify
resource and capacity needs that may arise at later stages,
which are not often easy to see at the beginning of the
process. The use of the design kit should help close the
energy performance gap between design and operation
of the building.

”The use of the design kit should help
close the energy performance gap between
design and operation of the building.”
do you have any Recommendations when using
Design Kit?

– We recommend that the design kit should be introduced
early in the renovation process in order to gain optimum
result and ensure non-technical drivers are given
consideration at each of the renovation stages. We also
recommend that the project team or building owner
allocate a key responsible person or working group,
(depending on resources), who can to develop case
specific questions to be responded by project team and
end-users, collate and analyze responses and present the
results which are to be discussed in a workshop.
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About the ZenN research
project
We are ZenN – meet the project partners

The research project Zenn, Nearly Zero Energy
Neighbourhoods, aims to reduce energy use in existing
buildings and neighbourhoods.

ZenN-project consists of twelve different partner organizations from five different countries
throughout Europe. Below is a short introduction to each partner organization.

Tecnalia (spain)

TECNALIA is the leading private
and independent research and
technology entity in Spain, fifth
largest in Europe.

CEA (france)

CEA is involved in ZenN through
its Buildings Energy Laboratory
(LEB) based at INES (French
National Institute for Solar Energy).
Its field of research is based on a
modeling approach, coupled with
experimental campaign thanks
to its INCAS platform including 4
experimental houses, 4 PASSYS
cells and 15 BIPV test benches.

IVL Swedish Environmental
Research Institute (sweden)
IVL Swedish Environmental
Research Institute work with
applied research and contract
assignments for an ecologically,
economically, and socially
sustainable growth within business
and society at large.

Malmö stad (Sweden)

Malmö, in the south of Sweden, is
Sweden’s third biggest city. Malmö
has won a lot of international
recognition because of the
remarkable journe the city has
done over the last decades, from
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an industrial city based on its
shipyard to a modern city of
knowledge and sustainability.

SINTEF (Norway)

SINTEF is a multidisciplinary
research institution with
international top-level expertise
in technology, medicine and the
social sciences. Within SINTEF the
unit “Building and Infrastructure”
operates in connection with the
building industry.

Oslo Kommune (Norway)

Omsorgsbygg Oslo KF (OBY) is a
public enterprise established in
2004. As an owner, manager and
developer of municipal facilities,
OBY delivers green and energy
efficient buildings to the city.

Eusko Jaurlaritza –
Gobierno Vasco (EJ-GV)
(spain)

The Basque Government
(autonomous community of the
Basque Country) is integrated by
several Departments. The current
Housing Direction within the
framework of the Employment and
Social Policy Department, which is
the competent authority in matters
of housing, is one of the members

of the Basque region participating
in ZenN project.

Debegesa (Spain)

Debegesa, the Local Development
Agency of Debabarrena (Basque
Country) aims for a sustainable
development of the region in
environmental, town planning
and restoration, human capital,
innovation and companies and
tourism fields.

ASM (Poland)

ASM Market Research and Analysis
Centre Ltd. is a private non-profit
research agency and R&D Center.
With a wide network of relations
at European level it belongs to
the leading group of construction
market research institutes.

NTNU (Norway)

Norwegian University of Science
and Technology (NTNU) is the
largest university in Norway and
leads the research centre on Zero
Emission Neighbourhoods in Smart
Cities (FME ZEN), together with
SINTEF developing solutions for
future buildings and urban areas,
solutions which contribute to the
realization of a zero-emission
society.

City of Eibar (Spain)

AYUNTAMIENTO DE EIBAR or
is a local administrative body
located in Eibar,in the Basque
Country. Eibar is considered
as one of the major industrial
cities in the Basque country,
but has in the last decade
been facing an economic
model swap towards more
ecofriendly industries and
added value services sector.

Ville de Grenoble
(france)

The city of Grenoble is
situated in southeastern
France. Known as the capital
of the French Alps, Grenoble
is the center city (160,000
inhabitants) of a metropolis
of 450,000 inhabitants,
recognized internationally
as an important pole of
innovation, combining
research, industry and
education. The city of
Grenoble, in connection with
Grenoble Alpes Métropole, is
carrying out numerous actions
to achieve the ecological,
urban, digital, economic and
social transitions.

The large-scale implementation of energy-efficient
refurbishment measures is hindered by a number
of different issues. Complex contracts, long-term
investment strategies and the fact that the buildings
with the worst energy performances often house lowincome tenants are some of the most important factors
contributing to the sluggishness of the transition to
nearly zero-energy buildings. The analysis of these
hurdles clearly demonstrates the need for a holistic
approach in the renovation process. Apartment buildings
housing medium to low-income groups are the focus of
demonstration cases taken up by the project.
The three main challenges in connection with the
near-zero renovation of existing buildings faced by the
ZenN project are: 1) Technical challenges, 2) Financial
challenges and 3) Property structure challenges.
The project’s goals are to: 1) demonstrate the feasibility
of innovative low energy renovation processes for
buildings at the neighbourhood scale, 2) identify,
optimize and disseminate the most promising
management and funding methods to facilitate largescale implementation, 3) develop, improve and launch
ambitious replication plans at several scales (local,
regional etc.).

Full reports are available at the ZenN project
website: zenn-fp7.eu
The research leading to these results has received
funding from the Seventh Framework
Programme (FP7/2007‐2013) under grant agreement n°
[314363].
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Welcome to ZenN – nearly zero energy neighbourhoods
Currently, energy consumption associated with building operation is one of the main energy
consumption sources in Europe. Given current construction rates, 80 percent of the European
building stock in 2050 is already built, and most of this currently existent stock suffers already
from poor energy performance. Therefore, from a perspective of energy conservation, the
efficient streamlining of low or zero energy building renovation processes, involving both
significant energy efficiency increases and renewable energy supply, constitutes a key action in
order to achieve current energy consumption and emission reduction targets for EU countries,
and to change unsustainable energy supply and consumption trends.
At the same time, large scale implementation of building renovation actions is affected by a
number of barriers. The need for complex agreements, long returns of investment, and the
fact that often, buildings with the worst performance belong to population sectors unable to
afford comprehensive renovation actions, are amongst the main factors hindering a massive
adoption of low or near zero energy building renovation (nZEBR) actions. In order to achieve
successful implantation at a large scale, there is a need for the adoption of holistic approaches
in renovation processes. This includes the adoption of innovative products and techniques, and
the development of adequate management and financial frameworks.
ZenNs scientific and technological objectives aim toward the development of a holistic
approach on optimized near zero energy building renovation actions. The ZenN-project consists
of twelve different partner organizations from five different countries throughout Europe.
Consequently, the main challenges for energy renovation processes faced by the ZenN project
has been the following:
•
•
•
•

Technical challenges Providing cost effective technical solutions that substantially improve
building energy performance while allowing for reasonable return of investment periods
and are accepted by users.
Financial challenges Providing an adequate financial scheme to facilitate involvement from
population sectors with limited resources,.
Property Structure challenges Complex property structures at the neighborhood scale often
lead to actions that require broad and complex agreements.
Social Challenges Challenges related to the conservation of architectural qualities of
buildings, user acceptance issues, etc.

Visit the project website for more information http://zenn-fp7.eu
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