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FOREWORD

This report summarises the results of Work Package “WP03 — Cost reduction potentials in processes®, part of

the Horizon2020 - CRAVEzero project
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Figure 1: CRAVEzero approach for cost reductions in thelifecyde of nZEBs.

Cost optimal and nearly zero energy performance
levels are principles initiated by the European Un-
ion’s (EU) Energy Performance of Buildings Di-
rective, which was recast in 2010 and amended 2018.
These will be major drivers in the construction sec-
tor in the next few years because all new buildings in
the EU from 2021 onwards are expected to be neatly
zero energy buildings (nZEB). While realised nZEBs
have clearly shown that nearly-zero energy target
could be achieved using existing technologies and
practices, most experts agree that a broad scale shift
towards nearly-zero energy buildings requires signif-
icant adjustments to prevailing building market
structures. Cost-effective integration of efficient so-
lution sets and renewable energy systems, in a form
that fits with the development, manufactuting and

construction industry processes, as well as with
planning, design, and procurement procedures, are
the major challenges.

The following guideline presents a framework for
ensuring the process quality of the new nZEBs. We
will outline the key actions needed to ensure the
achievement of energy and cost related goals pre-
senting a replicable planning, design, construction,
and operation process. The development of a clear
and comprehensive life cycle process that includes
the potential for specific and measurable actions
(both cost savings and energy) is critical to ensure

goals are met in a cost-effective manner.




In this guideline the “CRAVEzero process” is described. It organises the process of briefing, designing, con-
structing and operating nZEBs in different life cycle phases. Actions, stakeholder-relations, pitfalls and bot-
tlenecks, as wellas the required goals, are pointed outin detail. Considering the importance and the complexity
to reach the nZEB standard in a cost-optimal way for all the different stakeholders during the process, mul-
tiple actions are required. These are however missing in the standard planning process. This report provides
an operative methodology to achieve the best conditions towards cost optimal nZEBs in the whole planning,
construction and operation process considering all relevant decisions, co-benefits, involved players as well as
relevant cost reduction potentials. A process map that connects the entire project lifecycle for design, plan-
ning, operation and end of life phase accompanies this report. This process map is a workflow that points
out cost reduction potentials through all the stages of the process where all the different parts are linked to
provide summaries and reports to the decision-makers in leadership roles.

The main additional advantages of integrating the “CRAVEzero process” into standardized building pro-
cesses are listed as follows:

e Reduce risks

e Speed-up construction and delivery

e Control costs and energy performance

e Foster integrative design and make optimal use of team members’ expertise

e Establish measurable success criteria

Furthermore, during the whole process, four critical issues have to be tracked for new nZEBs:
e How efficiently can energy be consumed?
e How much energy can be produced on-site?
e Which environmental conditions can be controlled?

e How can be defined thermal comfort and what co-benefits can be expected?

As a main result this report also comes along with a downloadable “life cycle tracker tool”, an easy-to-use
Excel file with VBA macros that combines project roles, actions, and design responsibility matrix. It is based
on the experience of the whole consortium in the area of holistic project managementwitha focus on integral
building planning of nZEBs. It gives support on how key performance parameters to achieve successful
nZEBs should be prioritized and can be tracked along the whole life-cycle-process. A short manual of the
tool can be found in chapter 7.

It can be downloaded here: http://www.cravezero.cu/lifecvcletracker
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CHAPTER 1

INTRODUCTION




1.INTRODUCTION

In addition to legal and urban boundaries, buildings
are essentially defined by the client. Owners or in-
vestors want to construct or renovate buildings for a
specific purpose. Also, the buildings technical quality
and the comfort standard have to be achieved within
project specific budget limitations. Architects and
specialised planners translate the client's ideas and
wish into real plans and are responsible for the ap-
propriate execution of the building project. Con-
struction companies and craftsmen from numerous
different disciplines are involved in constructing the
building. There is a constant coordination process
between the client, the planners and the contractors
in order to prepare the construction of a building and
if necessary, to react to changing conditions like
costs, schedules, requests from the client, weather,
etc. (Arnold 2005).

1.1. OBJECTIVE

Especially in the planning phase, the choice and
combination of building materials and technologies
and the execution on the construction site as well as
the overall integral planning, construction and oper-
ation are of great importance. The range of services
provided to buildings in the urban context today has
also changed over time and gained new aspects.
Nearly zero energy buildings increasingly become ac-
tive participants of our energy supply infrastructure
and raise new challenges concerning the quality of
planning, construction and operational phase of a
building. This results in new approaches to innova-
tive energy concepts for both the building and dis-
tricts. Innovations related to the realisation of
nZEBs arise in differentlife cycle phases of buildings
and atdifferent points of the value chainin the build-
ing industry. To reduce costs, accelerate processes
and assure the quality of nZEBs the right decisions
have to be taken at the ideal time within the overall
process.

To optimise nZEB planning activities at different levels, from urban and spatial planning to the building’s
detailed design.

The focus on the developed method, the “CRAVEzero process”, is to promote a common, interdisciplinary
understanding of the complexity of nZEB planning processes for all involved stakeholders. A well organised
and transparent process is a keyissue of achieving the goal of cost-optimal and sustainable nZEBs throughout
the entire life cycle phase.

The complexity of processes in the life cycle of nZEBs is one of the main reasons why nZEB developments
fail in the planning, construction or later on in the operational phase. Already from the very beginning, pre-
requisites must be created in order to define the requirements, and clear project objectives must be defined.
Too often, promising building concepts fail to achieve costs and energy goals because project participants are
not sufficiently aware of the manifold interactions of holistic planning contexts.
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Figure 2: The influence on the process decreases w hile the costs increase during the life cycle of anZEB

In order to minimise risks and possible bottle-
necks, obstacles must be identified at an eatly
stage. It is necessary to establish a common
planning understanding for nZEBs among all
actors early on. The design of new nZEBs be-
gins with maximizing passive design, yetlimiting
energy consumption from the grid. To do this,
planners often need to challenge the norms of
traditional designs.

RENEWABLES

Figure 3: Steps to reach nZEB standard

Each building has its unique process, where archi-
tects often start from scratch, collect the information
and constraints of the local context, develope the
building, carry out cost-optimal performance anal-
yses, hopefully include an evaluation of the potential
for using renewable energy. This means extra costs
for the design process. Stakeholders repeat almost
the same procedures without a coordinated and
standardised process. As a starting point, an

organized framework for a systematic approach for
the life cycle process of low-cost nZEBs is needed.
A clear connection between the building perfor-
mances and the related costs is essential for ensuring
the clarity of the process. A strategic element in the
whole process is the introduction of a performance-
based procurement approach as a common practice
not only for public tendering but also for private
construction.
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1.2. STATE OF THE ART

(Ferrara et al., 2018) state that in fact buildings with
high energy performance have become technically
feasible, but are not yet cost-effective. This consti-
tutes the main barrier in their implementation. The
principle of cost-optimality has been introduced to
move national minimum energy performance re-
quirements towards the achievement of economi-
cally feasible nZEB targets, considering also operat-
ing, replacement and disposal costs.

A framework for the cost-optimal design of nZEBs
has been presented by (D’Agostino and Parker,
2018). This framework study contains data regarding
costs, energy prices and climate data. One important
conclusion is that the most common optimized
nZEB configuration foresees a combination of good
insulation, building airtightness as well as class A++
appliances, lighting, and home energy management
systems along with PV. Depending on the climate,
airtightness and insulation (colder climates) or effi-
ciency of appliances as well as lowering solar gains
(warmer climates) has to be considered first.
Recent Austrian studies have shown that construc-
tion costs of buildings near passive house standard
increase compared to those of minimum nZEB re-
quirements in a range of 4 to 6%, but these highly
efficient variants reduce the primary enetgy demand
by 72% (Ploss, et al. 2017). (Berggren, Wall and
Togerd 2018) tried to break traditional ways of cal-
culating nZEB profitability with LCC analysis trying

50

[ [ I | |
75 100 125 150 175

Primary Energy kWh/m?a

to quantify the added value of a green building in
monetary terms. Their assessment was based on a
planning process also including socio-economic pa-
rameters influenced by the quality of the building,
(D’Agostino and Parker, 2018) show how the opti-
mal measure set can be found. But how can the
knowledge on optimal design be tied to the building
process? Which actors should be involved, and what
actions have to be taken in the process at which time
step? Is the traditional development process of
buildings suitable to realize market penetration of
high-level nZEB buildings?

In order to get answers to these questions, it is im-
portant as a first step to clarify with which construc-
tion procedure the project is to be handled.

One prominent example of different construction
procedures implying on the interface between phases
lies in the decision on the project delivery system
(Konchar and Sanvido, 1998). In Europe, the stand-
ard project delivery system is designed bid build.
This means that there is a clear cut between the de-
sign phase and the build phase, which is marked by
the procurement of the construction companies
(“bidding”). Important implications are that con-
struction companies do not take part in the planning
phase and that the owner has to invest additional
time for assigning construction contracts. An
alternative approach is the design-build approach,
used worldwide for

which is increasingly



construction projects.

(Torcellini et al., 2004) have studied the realization
process of nZEB buildings! looking at various case
studies on nZEB construction processes. They in-
vestigated the project delivery system of high-perfor-
mance / low energy buildings and came to the con-
clusion that performance-based design-build was the
best approach to realize a high quality at low cost
(Deru  and  Torcellini, 2004; Crawford,
Czerniakowskiand Fuller, 2011; Pless, Torcellini and
Shelton, 2011). In performance-based design-build,
the planning and construction phase are strongly in-
terconnected since the owner engages a team of
planners and constructors to plan and realize the
whole building for a thoroughly defined function
and at a fixed cost. The owner moreover monetatily
awards the team for achieving an even higher stand-
ard throughout the process. The important point is
that performance-based design-build can be used to
integrate planning and construction phase for
achieving the specific goal of a high-performance
nZEB by assigning this as well-defined target to the
planning and construction team.

(Konchar and Sanvido, 1998) conclude that design-
build show major advantages in terms of costs and
performance compared to other project delivery sys-

tems.

What does this mean for the goal of promoting
nZEBs? It means thatitis not only important to con-
sider single actions of single users in determined
building phases. (Pless, Torcellini and Shelton, 2011)
agree that design-build

achievements of energy-efficient buildings and

allows for higher
nZEBs. They argue that it is the integration of
planning and construction that allows reaching more
ambitioned targets. This means in fact that the actors
of planning and construction need to work in an
exchanging way.

A detailed case study on the design-build process is
included in the report on the building of the NREL
facility in the US (U.S. Department of Energy, 2012).
Just like integrating planning and construction can
enhance the possible outcome, the same can be
expected from intertwining urban planning and
planning, also including actors of the operation
phase into the planning phases, as it was also found
in the “Renew School” project (Kondratenko, Van
Loon, Poppe, 2014).

Energy matters can be considered in the land use
plan on a large scale level or in detail: In many
European countries efforts are growing to consider
energy matters already in an early planning phase
(Zhivov etal., 2014).

1.3. STAKEHOLDER RELATED PROCESSES

In order to be able to optimise existing processes, technical qualifications, actions to be taken and roles must

be known and tasks and functions of the stakeholders assigned.

The assessment of the process for nZEBs depends strongly on the perspective. Building owners, investors,

tenants, the construction industry, providers of energy efficiency solutions and planners have different inter-

ests and are involved in different phases in the life cycle of buildings. There is a general lack of understanding,
transparency and uniform methods when it comes to the overall process of nZEBs. Which costs and time

horizons are significant for different actors and to what extent?

In the life cycle of a building, there are different in-
terests of the actors and derived from this also dif-
ferent perspectives, observation periods and target
values. There is the tenant/user, the real estate agent,
the building contractor, planner, property manager,
investor, owner and also the company which is di-
rectly or indirectly involved in the building process.

As shown in Figure 5, these actors are involved in

the overall process over a certain period of time.
While the tenant is primarily interested in the opera-
tional phase, the planner is usually more likely to deal
with the building only until its completion. If a prop-
erty is financed and used by the resident himself, the
entire life cycle up to a change of use is usually of
interest. Depending on the approach, this can be be-
tween 25 years, after repayment of the bank loan, and



up to 50 years, after increased consideration of the ~ The period under consideration must, therefore, be
use. For society as a whole, the entire service life of  determined inadvance with the parties involved. For
a building, including its demolition and disposal, usu-  most of the considerations of the entire building, be-
ally counts. tween 25 and 50 years have proven to be reasonable.

Time expectancy

Stakeholders

Real estate agents 1-2years

Planner 1 years

Investor 1-5years

Building owner (public) 50— 100 years

Figure 5: Stakeholders’ time expectancy of a nZEB project
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Figure 6: Stakeholders’ influence in nZEB life cycle phases

Introduction |14



1.4. CO-BENEFITS

Similar to the stakeholder related-processes, the different target criteria and co-benefits also vary depending

on the perspective of the stakeholder. Figure 7 shows the criteria and co-benefits according to the interests

of the different actors. In addition to low rental costs, the tenant is also interested in low operating costs and
thus in a good energy standard, e.g. so that he or she has low heating costs. The building contractor is usually

anxious to keep his or her building costs low. In the case of owner-occupied real estate, both cost components

are important, the initial investment as well as the running costs. For public owners and users the total life

cycle costs and also the effects such as CO2 emissions are important.

Indirect relationship

Direct relationship

Marketability

Lettability
Value development

Rental income

Comfort

Durability

Arch. quality
Energy Savings
Energy autonomy

Image
Climate protection

User satisfaction

Stakeholders

Tenant / user

Real estate agents

Builder/ construction company
Planner

Property management
Investor

Building owner / landlord
Building owner (public)

Society

Figure 7: Stakeholders related benefits and co-benefits of nZEBs

In addition to the optimisation criteria and thus the
benefits that can be directly assessed in monetary
terms, there are also different co-benefits for the in-
dividual actors, which often cannot be assessed di-
rectly in monetary terms and therefore do notappear
in the life cycle cost analysis. These benefits and co-
benefits are shown in Figure 18. These concemn mar-
ketability, rentability, value development, comfort,
but also image, climate protection or regional goals
such as energy autonomy. Where possible, these
benefits and additional benefits should be taken into
account in the decision-making process. These addi-
tional criteria can often overlap the main criteria. An
example of this is the use of an air heat pump in a
very noise-sensitive environment. The air heat pump
can perform relatively well in terms of energy and
costs, also in terms of life-cycle costs, but can lead to
problems due to increased noise pollution at the
property and the neighbouring properties. It is im-
portant to quantify added value of nZEBs in

monetary terms, communicating and presenting
business opportunities in a business language that
potential investors are familiar with, as technical per-
formance is less likely to attract their interest (Bleyl,
2016). Co-benefits such as increased productivity,
improved health, publicity value, etc. need to be
quantified. The calculation may not be complex; the
challenge is to gather well-proven input data for the
calculations.

However, examples exist where increased productiv-
ity, higher revenue, reduced employee turnover, re-
duced absenteeism, etc. have been quantified (Brew,
2017). Additionally, studies do exist which may be
used as a basis for analysing added values.

Studies show that staffs in green buildings perceive a
positive effect of their work environment and
productivity (Thatcher, 2014) (Brew, 2017) (Singh,
2010). In one case, a 10 000 m? office building,
increased productivity of 0.3 % was reported, equal
to 8 €/m?2a.



Two studies have found reduced absenteeism in
green buildings (Thatcher, 2014).

An American study showed that roughly 20-25 % of
534 companies reported higher employee morale,
easier to recruit employees and more effective client
meetings (Miller, 2009). Additionally, 19 % reported
lower employee turnover.

In addition to well-being and productivity, higher
revenues from rent or sales may be expected. Bleyl
et al. reviewed previous studies and concluded that
higher rent income might range roughly between 5
% and 20 %. Furthermore, higher market valuations
may range from below 10 % to up to 30 %.

It should be noted, in relation to green buildings,
productivity and wellbeing, that a recent study
pointed out, that social factors may have a greater
impact, in monetary terms, than environmental fac-
tors (Hugh, 2010).

The value of a positive news article about a specific
building or a specific project could also be compara-
ble to advertising costs in the specific source, in
which the article is published (Berggren, 2017).
One way to discuss the importance and investigation
on different co-benefits may be to rank them as pre-
sented in Figure 8. The classification is a subjective
judgement, highlighting the relevance and the diffi-
culty in valuing the co-benefits discussed above.

High
\ ; Higher work productivity
Marketability Rental income
- Reduced enployee
3 Lettability turnover Reduced sickness absence
; Durabilit
v urabili
§ Value development User satisfaction /
5 Comfort Image
o
9]
Y
J}
e :
g Energy savings Arch. quality
1]
E Energy autonomy
Climate
protection
v
Low —
Easy <« P Difficult

Difficulty of quantification

Figure 8: Co-benefits classification in nZEBs, based on Bleyl et al. [1].

1.5. THE PROCESS OF NZEBS -

LENGES

BARRIERS AND CHAL.-

In the course of the ISEC Conference 2018 in Graz, Austria, a survey was conducted during a workshop,

which focused on planners, researchers and contractors.

The online survey tool Mentimeter was used for this purpose. The results can be immediately evaluated and

shared with the respondents in real time. In this way, the results could be discussed in the subsequent panel

discussion of the workshop. Based on the experiences in the various professions, the survey asked what

challenges are seen in the implementation of nearly zero-energy buildings, what is needed to make highly

efficient buildings more marketable and what added value is seen in such buildings.




A total of 102 people took part in the survey, divided into three occupational groups as follows:
e DPlanners: 40
e Researchers: 57

e Construction companies: 5

1. What are the main challenges (barrieres) to realise a nZEBs?

From the survey results of the first question, which can be seen in Figures 5 and 6, it can be seen that the

challenges are similarly on average by all groups of actors surveyed. However, there is no consensus among
the groups of actors surveyed.

Lack of communication / documentation

‘

4,1

Too manyregulations / lack of support from authorities

w W
T (%

Excessively high costs

%]
%]

)

33
Lack of knowledge about technologies and costs

R L
T

What are the main challenges (bartietes)
to realise a netlyZEB?

disagree agree

Planner m Researcher

Figure 9: Mentimeter survey answ ers of planners and researchers dealing with implementation challenges and showingspecific median values

On closer examination and analysis of the results in Figure 9, it becomes clear that lack of communication
and documentation is a big barrier for all stakeholders. Most of the participants see the lack of knowledge
about technologies and their costs as a barrier, whereas the generally higher costs are not seen on average.
This is particularly noticeable among the groups of planners as well as among the construction companies.

2. What is needed for a market uptake of nZEBs?

The second question dealt with the market uptake of nearly zero energy buildings and what is needed to
increaseit. As one can seein figure 10 the potential for increasing the marketuptake is seen in all four possible
answers but in slightly varying degrees.

The distribution of the responses makes it clear that there should be more collaboration of the planning teams
and stricter legally binding building requirements. What is noticeable is that in general the opinions within the
expert groups differ only slighlty.
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More technical knowhow
34
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Earhier collaboration of the planning team
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Strengthenedlegal binding building requirements
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Self-sufficient and secure energy supply / system
3,7

Whatis needed for a market
uptake of nearlyZEBs?

[#3]
=)

disagree agtee

Planner m Researcher

Figure 10: Mentimeter survey answ ers of planners and researchers dealing with nZEB marketability and show ing specific median values

3. Whatis the added value of building nZEBs?

In order to be able to specify the added value of nZEBs, the four topics most relevant to the interviewed
stakeholders with regard to added value should be filtered out at this point of the survey. Figure 11clearly
shows that the focus is particularly on resource savings and climate protection. This added value is the clear
leader for both researchers (23%) and planners / practitioners (22%). But lower operational costs (17%) and
less energy dependency (16% / 18%) ate also important factors for the added value of nZEBs.

Decentralized energy generation (vs. Centralized)
5%

12%

Life-cycle / future value of the property
13%
11%

Less energy dependency

Low er operational costs

79

o
o
* E3

. . Planner
User satisfaction and comfort

12 m Researcher

9%
Image / role-model

~
%*

Indoor air quality
6%

Resource saving / climate protection

What is the added value of building
nearlyZEBs?

3% 10°% 13% 20°%% 23%

2.

Figure 11: Mentimeter survey answers of planners and researchers with the share of added value points for nZEB

The greatest disagreements between the individual groups of actors arise in decentralized energy generation
(vs centralized). Although 12% of researchers say that this is an important added value, only 5% of planners
and contractors agree. In addition to these survey results, there are other challenges associated with the im-
plementation of nearly zero energy buildings. For example, the individual interfaces and responsibilities be-
tween the actors and the integration of different technologies at best possible time are often unclear. In addi-
tion, communication between those responsible must be improved, as implementation is often made more
difficult because it is unclear who needs which information and when.
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1.6. FRAMEWORK FOR ENSURING THE PROCESS QUALITY
OF THE NEW NZEBS

Achieving the nZEB goal with reduced costs requires additional strategies as well as refinements of an existing
design, construction, operation, and maintenance practice.

The following chapters present a framework for ensuring the process quality of the new nZEBs. It outlines
the key actions needed to ensure the achievement of energy and cost related goals using replicable planning,
design, construction, and operation process. The development of a clear and comprehensive life cycle process
that includes specific and measurable actions (both cost savings and energy) is critical to ensure that goals are
met cost-effectively.

The following chapters each describe a phase of the overall life cycle process from urban planning,
planning, construction and operation until the end of life of a nZEB. All chapters are structured as
follows:

o Existing process: A process map describing the overall process and steps to be taken for all related
stakeholders for all phases of a project’s lifecycle

o Pitfalls and bottlenecks: Pitfalls and bottlenecks are listed that can endanger deadlines, budgets and
quality of the nZEB project

o Actions: Various actions that can be allocated in the specific phase to promote nZEBs are presented

o Process evaluation results: Actions are assigned to the main drivers and other stakeholders in order
to clarify the question of responsibility. In addition, the various dependencies of the actions and
possible cost saving potentials are listed.




CHAPTER 2
POLITICAL DECISION AND
URBAN PLANNING PROCESS




2. POLITICAL DECISION AND URBAN PLANNING

PROCESS

2.1. OVERALL PROCESS

political decision and urban planning

European, national and regional spatial planning guidelines (European Spatial Development Perspective(ESDP),
e.g. National Spatial Development Perspective, e.g. Regional Development Concept)

o
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Figure 12: Urban planning process
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The political decision and urban planning process prepare for the whole building process from planning to

construction and use. It is an on-going process that influences building use also at later times or leads to a
change in the energy system of buildings. It is in this phase that the public/common interest for low emission

and low cost for public services is considered.

Decisions may be made on:
e infrastructure design
o streetlocation, design, use
O sewer system
o public transport
o energy supply
o educational buildings
e land-use plan
o commercial zones
o industrial zones
o residential zones
O green areas, recreational zones
e building type (detached, multi-family...)
e energy consumption level
e  building orientation
e acsthetic aspects like fagade colour and roof
shape

2.1.1.REGIONAL PLANNING

Several actions can be taken on a regional planning
level to promote nZEBs. These include the defini-
tion of the political and legal framework, as well as
offering funding schemes and awareness raising
Also, the definition of targets is an important action
on the regional level, since regions can often be
linked to specific climates which again have an im-
pact on the building design. Actions can have the in-

tention to encourage, enable or enforce.

Enable:
o Definition of political and legal framework for
nZEBs (provides Authority)

2.1.2.URBAN DESIGN

Urban design goes into further details. To what ex-
tent urban design can be enforced is usually defined
in regional plans. The focus here is to consider envi-
ronmental conditions like sunshine, microclimate
and wind lanes, and infrastructural conditions on a

Political decisions and urban planning are usually

done proceeding from a large scale (e.g. regional

planning) to a local scale.

The main tasks on each decision and planning level

are:

e investigation and analysis of the existing situa-
tion

e  definition of a strategy

e consideration of demand

e definition of targets for spatial order

¢ documentation and implementation of strategy
and targets

These documents may come in the form of plan ma-

terial, regulations, laws, treaties with third parties, e.g

energy suppliers, landowners etc. The documents

may be legally binding or hold recommendations for

further planning on a more detailed level.

o Assessment of energy efficiency and renewable
energy potentials

Encourage:

o Funding schemes for nZEBs (provides Instru-
ments)

o Development and implementation of strategies
for awareness raising (provides Information)

Enforce:

o Setlong term regional targets for spatial plan-
ning (provides Targets)

o Regional efficiency improvement targets sup-
porting nZEBs (provides Targets)

neighbourhood level. Infrastructural conditions on
neighbourhood or district level include thermal and
electrical microgrids, seasonal storage as well as re-
newable energy use and building envelope attributes
and targets. Again, actions are grouped by their



intent. For most of the actions in urban design, it is

not yet fixed, whether their target is to

o Encourage by providing information on cost-
optimal or energy-optimal solution.

o Enforce by providing information and authority
on the optimal solution, e.g. regarding building
orientation or renewable energy use, e.g. in a le-
gally binding land use plan.

o  Enable by providing information on optimal so-
lutions as well as subsidies to those willing to im-
plement them.

The decision on whether to enable, encourage or en-

force normally lies in the competence of the munic-

ipal level.

One important action is the “Definition of Integra-

tive Design Team”.

Other actions are:

Enable

o Urban masterplanning allowing highly compact
buildings (provides Authority)

Enforce

o Definition of basic envelope attributes and en-
ergy targets (provides Authority)

Enable /Encourage /Enforce:

o Preparation of budget for renewables and esti-
mate return on investment/ LCC (provide In-
struments)

o Optimize building orientation and zoning (pro-
vides Information/Authority)

o Optimize solar aAccess in urban layout (pro-
vides Information/Authority)

o Work with urban microclimate (Information or
Information/Authority)

o Consideration of thermal / electrical microgrids
on district level (provides Information/Authot-
ity)

o Consideration of seasonal storage on district
level (provides Information/Authority)

2.1.3.PREPARATION AND PROJECT BRIEF

In this part of the political decision and urban plan-

ning phase, user needs are integrated into the land

development plan to create a land use plan, which
becomes legally binding after the political decision
process.

Enable:

o A connection request for PV / drilling permit
for geothermal: Define and constitute an effi-
cient process to ease the process of approval
(provide Instruments)

Enforce:

Apply strategy towards efficient use of land: Enforce
efficient land use in the land use plan and corre-
sponding locally bound subsidies and infrastructure
development (provide Targets)
Enable/Encourage:

o Assessment of the potential for decentral
ized renewable power generation: Provide
information and encourage the develop-
ment of decentralized power generation

o Requirements analysis (Provide Infor-

mation and Instruments)

2.2. PITFALLS AND BOTTLENECKS

It's important to be aware of the common pitfalls that can compromise project success in the urban planning

phase. Below, six pitfalls and bottlenecks are listed that can endanger deadlines, budgets and quality of the

nZEB project during the urban planning phase.



political decision and urban planning

European, national and regional spatial planning guidelines (European Spatial D F p
e.g. National Spatial Development Perspective, e.g. Regional Development Concept)
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Figure 13: Urban planning process consideting bottlenecks

B.101: Demand planning in the urban
planning phase

The building authorities, together with the planners,
must design the framework conditions for a new dis-
trict, considering the technical and legal regulations.
This part of the dty must take both energy and sodal

aspects into account to be fit for the future.

B.103: Political support / incentives

Funding schemes within the framework of urban devd-
opment planning can be used to integrate analyses for
near-zero energy districts into the process. The concep-
tual basis for the development of a nearly-zero energy
district is influenced by the boundary conditions deter
mined in this phase.

B.102: Investigation of potentials for
renewable energies at the site

When developing newurban districts, the integrationof
renewable energies must be taken into account at an
early stage. In addition, supply systems with waste
heat/ woling from neighbouring districts should be an-
alysed. As a result of this early analysis of the existing
qualities, the buildingstructure can be adapted foropt-
mal exploitationof the potentials.

B.104: High demand for housing

Due to the high demand for residential buildings in
some European regions, enetgy aspects ate often not
taken into account. It is important, also there, to start
new development areas with sustainable and innovative
conepts.

B.105: Development goals do not correspond to nZEB standard

The currentrules for the development of new urban areas often do notcomply with the general requirements for the construction

of nZEBs.



2.3. ACTIONS

In the following, the different steps of the political
decision and urban planning phase will be described
more detailed, introducing actions that can be allo-
cated in this phase to promote nZEBs.

The political decision and urban planning phase is
layered into different levels. It is of uttermost im-
portance that the interdependencies between these
levels work well: That means that there have to be
well-defined for

and checked mechanisms

PROCESS

go to action items for
owners /user

go to action items for
municipality

political decision and urban planning

European, national and regional spatial planning guidelines (European Spatial Development Perspective(ESDP), e.g. National Spatial
Development Perspective, e.g. Regional Development Concept)
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information exchange between the levels. For exam-
ple, it makes no sense to offer subsidies for certain
energy supply systems on regional level if on a local
level, other systems are preferred. Moreover, in some
cases, it can be useful to integrate actions on differ-
ent levels. A joint planning team of regional, urban
and energy planners could, e.g. better integrate inter-
ests both of urban population and extra-urban envi-
ronment.

ACTIONS

107
go to action items for funding schemes for NZEB
construction

companies » 101
definition of political and legal

framework for NZEB

106
development and implementation of
strategies for awareness raising

102
regional efficiency improvement
targets supporting NZEB

103
set long term regional targets for
spatial planning

105
strategy towards effivient use of land

104
urban masterplanning allowing highly
compact buildings

108
definition of integrative design team

115
assessment of the potential for decen-
tralized renewable power generation

119
connection request for PV / drilling
permit for geothermal

117
consideration of seasonal storage on
district level

116
consideration of thermal / electrical
microgrids on district level

118
preparation of budget for renewables
and estimate return on investment /
. Lcc
local design and
~— technology guidelines, 114
incentives assessment of the energy efficiency and
renewable energy potentials

110
work with urban microclimate

113
definition of basic envelope attributes
and energy targets

112
optimize building orientation and zoning

111
optimized solar access in urban layout

109
requirements analysis

Figure 14: Utban planning process with stakeholder-related actions (numbered as 101 to 119)



1.1 Definition of the political and legal framework for nZEBs

Lack of a political and legal nZEB framework might lead to
Definition Political and
legal frame work for NZEBs

d .

higher follow-up costs: This is the case, if economically feasible
and energetically reasonable solutions are inhibited due to legal
limitations. Increased investments in energy-related nZEB tech-
nologies and services derive most likely from legal framework

stimulating socio-economic development.

STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
o, Citizen groups/NGOs; Energy sav-
Authorides Society; Politicians -€° - €€ ings and CO2-

reduction

1.2 Funding schemes for nZEBs

Funding schemes usually aim at investment costs, e.g. by con-

NZEB Funding ceding a defined amount of money in the construction phase.

They might however also influence follow up costs, by reducing

, = taxes, annuities or interests on pay-back rates. And there are
' some examples of subsidies directly supporting a monitoring-
v based operation of the nZEB technologies implemented.
STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
(Economics) Cham- e Energy sav-
bers Authorities; Politicians - € - € ings and CO,-
reduction
1.3 Development and implementation of strategies for aware-
] ness raising
If awareness-raising is accompanied by dissemination of imple-
mentable measures, costs for planning and decision making are
reduced. Follow up costs can be strongly reduced due to ad-
vanced user behaviour, which depends on well-edited infor-
mation about nZEB and ends users’ awareness.
STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Tenants/Users;  Authorities; User ac-
Politicians (Economic) Chambers; Citi- - - "
zen groups/NGOs € €€ ceptance

2 [-€,-€€,-€€€,+€,+€€,+€€€] The cost savings or higher costs depending on the action are shown in the table below. Therefore
-€ means that less costs are required than in a conventional planning procedure. On the other hand, +€ means that the costs
increase. The number of € also indicates whether the change is big or small com-pated to the already known costs. The cost
estimation for the different actions and the different cost-causing project steps were made in the course of the research project
with the help of the project partners.



1.4

Measures
Scope Specifie
Regivements

Best
Practice

Advisory Panel
Categorization

Targets Master Plan

Priority

STAKE-

MAIN DRIVER HOLDERS

Authorities; Planners; Mu-
nicipalities; Citizen
groups/NGOs; Society

Politicians

1.5

5
STAKE-
MAIN DRIVER HOLDERS

Politicians Authorities; Planners; Mu-
nicipalities; Citizen

groups/NGOs; Society
1.6 Assessment of the

L}

potentials

Influence on lnvestment Costs: []
Influence on Follow-up Costs: [

STAKE-
MAIN DRIVER HOLDERS
(Economic) Cham- Landlords; Planners; Mu-

nicipalities; Society
bers P ? o

Regional efficiency improvement targets supporting nZEB

When regional governments define binding overall n”ZEB tar-
gets and priorities the planning process is more focused and
straight. If additional funding for the construction phase is of-
fered,investment costs can be saved. Highly efficient low energy
buildings that are well embedded into their surrounding energy
system moreover save follow up costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
_ € _ € _ €€ COZ*deU.C*
tion and value
development

Set long term regional targets for spatial planning

The spatial distribution of buildings has an impact on their en-
ergy consumption and life-cycle costs ( Moghadama ez al., 2015).
This is mainly due to mobility and infrastructure needs. When
aiming at a nZEB, infrastructure and mobility cannot be ne-
glected. The use of existing infrastructure in higher density leads
to lower investment costs for infrastructure, both for the build-
ing owner as well as the municipality.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Energy and
- € - € - €€ resource sav-
ings

energy efficiency and renewable energy

The relevant regulation framework and surrounding grid condi-
tion of a specific area have a great influence on the assessment
of energy efficiency and renewable energy potential. If defined
clearly and use of renewables from the grid is possible, then no
additional costs arise during planning and construction. Even
more, the operation will save costs by lower energy demand and

by exploiting the low marginal costs of existing renewable en-

ergy grids.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Resource sav-
ings, CO2-re-
duction

- €



1.7 Urban master planning allowing highly compact buildings

In order to reduce costs in compact buildings, an urban master-

Surface to plan is required. In addition to optimized energy consumption,
Volume Ratio = compact buildings usually have reduced planning, investment
5 and construction costs: Reasons are reduced material consump-
] % tion, more similar units as well as fewer access areas.
0.6 04 03 0.2
STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Owners; Authorities; Citi- Energy and
Municipalities zen groups/NGOs; Politi- - € - €€ resource
cians; consultants savings

1.8 Optimize building orientation and zoning

Building orientationis often fixed by the legally binding land use
or urban plan. But within this boundary, window orientation or
functional zoning can lower the potential energy demand by de-
tailed planning. Due to this energy saving, follow up costs will

be reduced.
STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Resource sav-

Real estate fund; Authori- ings, user
Planners ties; Municipalities; Citizen + € - € comfort, day-

groups/NGOs; Politicians lightingin

winter

1.9 Optimize solar access in urban layout

When solar accessis actively given to a quarter’s layout by spatial
planning and included in the land use plan, an energetic and eco-
nomic optimum can be found for neighbouring buildings/prop-

AR . erties. That means low follow-up costs by energy saving using
| ’:j% Lo¥y " passive solar gains.

STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
. Resource sav-
Landlords; Authorities; .
Planners Municipalities; Politicians + € = € ings, comfort



1.10 Work with urban microclimate

Costs arise mostly due to non-standard planning. Green facades were

traditionally used to save construction costs: they replaced the fina

plaster finish (K&hler, 2008). A green fagade or roof can also reduce

R . follow up costs: Green facades and roofs dean the air (Bianchiniand

| % Ll v Hewage, 2012) and thus mean a lower necessity for ventilation and

filtering systems, moreoverless maintenance for the wall is needed.

STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
User satisfac-
Municipalities; Authorities; tion, microcli-
Planers; Citizen group/ + € - € mate, air qual-
NGOs; Society ity, passive

cooling
Consideration of thermal / electrical microgrids on the

Lot district level

A micro-grid is a stable and often renewable-based source for

heat/power that has to be considered when supplyingenergy to nZEB.

It reduces investment costs since generation and storage are large-scale
X b b1k, and thus more cost-effident. Moreover, maintenance and replacement

again keep costs low dueto the economy of scale.

Microgrid
STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Resource sav-
Landlords; Authorities; ings, fast reac-
L Planers; Municipalities; tion to

Urlities (Economic)  Chambers; + € = € changes in the
Politicians energy mar-

ket, autonomy

1.12 Consideration of seasonal storage on district level

Several studies by (Braun, Klein and Mitchell, 1981; Lindenberger ¢
- al., 2000; Notdell and Hellstrém, 2000; Schmidt, Mangold and Miiller-

Steinhagen, 2004) show the potential of seasonal storage systems re-

garding renewable energy and costs. Seasonal storage should be con-
i /2 I 2 sidered if low supply temperatures are needed, and renewable energy

Seasonal sources are available. For economic feasibility, it can be meaningful to
Storage indudea badk-up or peak supply system withlow system costs.
STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Landlords; Authorities; A higher
Utilities Planers; Municipalities; + € - € share of re-

(Economic)  Chambers; newables, au-
Politicians tonomy



1.13
U-Roof<
0,15 W/m?K
U-Window< nZERB
0,8 W/mzK
U-wall <
0,15 W/m2K
STAKE-
MAIN DRIVER
HOLDERS
Owners; Authorities; (Eco-
Planners nomic) Chambers; Citizen
groups/NGOs
1.14
Planner
Facility Contruction
Manager o &> Company
Energy HVAC Planner
Consultant
STAKE-
MAIN DRIVER
HOLDERS

Real estate fund; Authori-
ties; Planners; Municipali-

Definition of basic envelope attributes and energy targets

Energy-related basicenvelope attributes and targets can be defined on
a regional or district level, e.g. in the building code. Therefore also
building energy certification systems are used. Sometimes this lowers
planning costs since the possible solution frameis limited, but some-
times it increases them, since some planners are not familiar with im-
plementation. Mostly construction costs inarease because of extended
effort with on-site implementation, butenergy demand goes down.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Energy sav-

+ € - €

ings, comfort

Definition of the integrative design team

In terms of costs, an integrated urban design process increases
planning costs since the interaction between different players requires
morteinvolvement. Followup costs are expected to belower, both for
end users and the public (cf. Lippaiova and Reith, 2014, Braganea,
Vieira and Andrade, 2013).

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Resource sav-
ings and CO2-

Owners ties; (Economic) Cham- + € = €€ reduction
bers; Utlities
1.15 Preparation of budget for renewables and estimate return
) on investment /LCC
In order to find a cost-optimal nZEB solution, investment and life-
i gde costs, as well as feed-in tariffs for renewables, have to be known
I & (Hamdy, Sirén and Attia, 2017). To allow for fast and reliable LCC
I :: alaulation, it is essential that information on costs, prices and tariffs
I is made available. One difficulty is that future energy prices are fixed
| | Contruction Operation  Renovation on —uncontrollable - international markets, but the policy could coun-
| | , > teract here in future.
! Time
STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Authorities; Municipalities; LCC know-
Investors; (Economic) how
Planners Chambers; Politicians; + € + € - €

Utilities



1.16 A connection request for PV / drilling permit for geothermal

Due to the traditional structure and organization of electridty grids,

access for feed-in is still limited. In order to avoid unnecessary troubles
NS and costs later on, it is essential to ask for a grid connection request.
k5 L, i

The sameis true for geothermal energy by deep drilling — permission
and technical expertiseis necessary to keep operating costs low.

STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Landlords; Authorities; Value devel-
Owners Planners;  Municipalities; - € opment en-
Utilities ergy savings

1.17 Requirements analysis

Requivements

Eadh planning process has to be preceded by an analysis of
requirements. The resulting chart of requirements can concermn

1

]

W functional issues, butalso limits on costs and energy consumptionas
w7 I well as technological systems to be used. Requirements can be

i

obligatory bylaw and lead to lower costs in all stages of the process.

STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Planners, Citizen groups/ Resource sav-
Owners NGOs: ” group - € - € - € ings and value
development
1.18 Apply strategy towards efficient use of land
' Successful measures towards effident use of land and densification
' J lead to lower follow-up costs. Investmentment costs might inarease,
. e.g. for the realization of Green roofs (Porsche and Kéhler, 2013) or

ambitious planning for geometry and foundation, but also decrease
since investments in public infrastructure are lower if smaller areas
need to be accessed.

STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Landlords; Authorities; Resource sav-
Municipalities Planners; Society; Politi- - € - € ings

cians



Assessment of the potential for decentralized renewable

1.19 .
power generation
In many European regions, GIS-based analyses are available to assess
the potential of renewable energy use on-site. Different types of assis-
@ tance are offered for the promotion of decentralized renewable energy.
Very often, decentralized renewable power generationis subsidized by
fixed feed-in tariffs, and additionallylowers the running energy costs.
STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Owners; Construction COz-reduc-
Planners company; Authorities; Util- - € tion

ities

2.4. PROCESS EVALUATION RESULTS

2.4.1.LIST OF ACTIONS RELATED TO STAKEHOLDERS AND OTHER AC-
TIONS

In the following table, the various actions were assigned to the main drivers and other stakeholders in order
to clarify the question of responsibility. In addition, the various dependencies of the actions are listed in the
right-hand column of the table to show which actions and stakeholders need to be communicated subse-

quently.

Table 1: List of actions - urban planning

MAIN STAKE- INFLUENCES ON

ACTIONS DRIVER HOLDERS OTHER ACTIONS

11 Definition Political and legal Citizen groups/NGOs;

Authorities . = 12,1.7,1.13,1.16,2.25

framework for nZEBs Society; Politicians

12 Funding Schemes for nZEB (Economic) Authorities; Politicians 11,1.11,1.15,2.12,2.13,2.17,2.25, 4.8
Buildings Chambers
Developmentand Implemen- Eﬁ?ﬁzz/ T(E:f)sn(fnulQ

13 tation o_f ftrategues for aware- Politicians Chambers; Gitizen 14,1.5,1.10,1.18,2.5,2.27,3.7,4.3,4.6
ness raising groups /NGOs
Reai | effici . Authorities; Planners;

14 egionalefficiency improve- Politicians Municipalities; Citizen 1.10,1.12,1.18,2.9,3.10
ment targets supporting nZEB groups /NGOs; Society

Authorities; Planners;
Politicians Municipalities; Citizen 1.1,19,1.10,1.12,1.19,1.21,2.5,2.21
groups /NGOs; Society

Set long term regional targets
for spatial planning

15

Assessment of energy effi-
16 ciency and renewable energy
potentials

(Economic) Lmacloily [Py 1.11,1.17,2.6,2.9,2.17
Chambers Municipalities; Society
Ow ners; Authorities;

Urban Masterplanning Allow- Municipalities; Citizen

17 N g Pl iy 1.12,2.5,2.6,2.27
ing highly compact buildings Anners groups /NGOs; Politi-
cians
Real estate fund; Au-
ap Optimize Building Orientation Planners thorities; Municipalities; 17

and Zoning Citizen groups/NGOs;
Politicians



19

11

11

112

113

1.14

1.15

116

117

1.18

1.19

ACTIONS

Optimize Solar Access in Ur-
ban Layout

Work with Urban Microclimate

Consideration of Thermal/
Electrical Microgrids on Dis-
trict Level

Consideration of Seasonal
Storage on District Level

Definition of Basic envelope
attributes and Energy Targets

Definition of Integrative De-
sign Team

Preparation of budgetfor re-
newables and estimate return
on investment/LCC

Connection requestfor PV /
drilling permit for geothermal

Requirements Analysis

Apply Strategy towards effi-
cient use of land

Assesment of the Potential for
Decentralized renewable
power generation

MAIN
DRIVER

Planners

Municipalities

Utilities

Utilities

Planners

Ow ners

Planners

Ow ners

Planners

Municipalities

Planners

STAKE-
HOLDERS

Landlords; Authorities;
Municipalities; Politi-
cians

Tenants /Users; Own-
ers; Authortities; Plan-
ners; Citizen

groups /NGOs; Society
Landlords; Authorities;
Planners; Municipali-
ties; (Economic) Cham-
bers; Politicians
Authorities; Planners;
Municipalities; Inves-
tors; (Economic)
Chambers; Citizen
groups/NGOs

Ow ners; Authorities;
(Economic) Chambers;
Citizen groups/NGOs
Ow ners; Real estate
fund; Authorities; Plan-
ners; Municipalities;
(Economic) Chambers;
Utilities

Authorities; Municipali-
ties; Investors; (Eco-
nomic) Chambers; Poli-
ticians; Utilities
Landlords; Authorities;
Planners; Municipali-
ties; Utilities
Tenants/Users; Own-
ers; Real estate fund;
Authorities; Municipali-
ties; Investors; (Eco-
nomic) Chambers; ...
Landlords; Authorities;
Planners; Society; Poli-
ticians

Ow ners; Construction
company; Authorities;
Utilities

2.4.2.LIST OF ACTIONS RELATED TO COSTS

INFLUENCES ON
OTHER ACTIONS

1.7,1.8,1.18,1.19,2.6,2.27

1.5,1.18,3.10

1.1,1.6,1.15,1.17,1.19,2.12,2.13,2.27,

3.7,3.10

1.1,1.6,1.11,1.17,2.9,2.17,2.27,3.10

1.6,1.19,2.2,2.9, 2.20,3.10

1.2,1.3,1.4,1.18,2.6,2.21,2.25

12,225

11,14, 1.17,2.6,2.21,2.25,2.27

14,15,1.15,2.4,217,2.21,2.25,3.2

1.5,1.7,1.10

1.1,1.6, 1.11,3.7

The cost savings ot higher costs depending on the action are shown in the table below. Therefore € means

that less costs are required than in a conventional planning procedure. On the other hand, +€ means that the

costs increase. The number of € also indicates whether the change is big or small compared to the already

known costs. The cost estimation for the different actions and the different cost-causing project steps were

made in the course of the research project with the help of the project partners.



Table 2: List of actions in relation to costs - urban planning

1,10

111

1.12

113

1.14

1.15

1.16

117

1.18

1.19

ACTIONS

Definition Political and legal frame work for
nZEBs

Funding Schemes for nZEB

Development and Implementation of strategies
for awareness raising

Regional efficiency improvement targets sup-
porting nZEB

Set long term regional targets for spatial plan-
ning

Assessment of the energy efficiency and re-
newable energy potentials

Urban Masterplanning Allowing highly com-
pact buildings

Optimize Building Orientation and Zoning

Optimize Solar Access in Urban Layout

Work with Urban Microclimate

Consideration of Thermal/ Electrical Mi-
crogrids on District Level

Consideration of Seasonal Storage on District
Level

Definition of Basic envelope attributes and En-
ergy Targets

Definition of Integrative Design Team

Preparation of budgetfor renewables and esti-
mate returnon investment/ LCC

Connection requestfor PV / drilling permit for
geothermal

Requirements Analysis

Apply Strategy towards efficient use of land

Assesment of the Potential for Decentralized
renewable power generation

INFLUENCE ON
PLANNING COSTS

]
ah

INFLUENCE ON

INVESTMENT COSTS
INFLUENCE ON
FOLLOW-UP COSTS

]
ah
an

]
h

- €

- €€

- € - €€

+ € -€



2.4.3.LIST OF ACTIONS - WORK BREAKDOWN STRUCTURE

The following diagram gives an overview of all actions assigned to urban planning. In addition, they are
further divided into three categories in order to clearly define to which part of the planning the individual

actions belongs to.

ACTIONS P01 Urban

Regional Planning Urban Design Preparation and Brief

Definition Political
and legal frame
work for NZEBs

Funding Schemes
for NZEB Buildings

Development and
Implementation of
strategies for
awareness raising

Regional efficiency
improvement
targets supporting
NZEB

Set long term
regional targets for
spatial planning

Assessment of the
energy efficiency
and renewable
energy potentials

Urban
Masterplanning
Allowing highly

compact buildings

Optimize Building
Orientation and
Zoning

Optimize Solar
Access in Urban
Layout

Work with Urban
Microclimate

Consideration of
Thermal / Electrical
Microgrids on
District Level

Consideration of
Seasonal Storage
on District Level

Definition of Basic
envelope attributes
and Energy Targets

Figure 15: List of actions in urban planning “w ork breakdow n structure” (WBS)

Definition of
Integrative Design
Team

Preparation of
budget for
renewables and
estimate return on
investment/ LCC

Connection request
for PV / drilling
permit for
geothermal

Requirements
Analysis

Apply Strategy
towards efficient

use of land

Assesment of the
Potential for
Decentralized
renewable power
generation



2.4.4.LIST OF ACTIONS - RELATIONS BETWEEN THE ACTIONS

In order to ensure successful cooperation of the stakeholders, it is important to show in which dependencies
their actions are and in consequence, they are related to other stakeholders and actions. The following figure
shows the dependencies of the different actions. This analysis is based on the preference analysis and was
developed based on the ideas of the PLENAR planning tool, which aims to show interdisciplinary relation-
ships in order to achieve a common understanding of planning.

In addition to the different actions of the phase to be considered, the main responsible actors are listed in
order to obtain a quick overview. The coloured fields describe the dependencies of the different actions on
cach other. The red fields describe a bilateral, while the blue fields describe partial correlation (e.g Action 1:
“Definition of political and legal framework’ has a bilateral correlation, marked in red with Action 2 “Fund-
ing Schemes for nZEBs). The grey fields indicate which actions are connected to other phases

iti iti bilateral corrrelation 3%
1 Definition Political and legal frame work for Authorities - °
NZEBs
- - partial correlation 23%
2 |Funding Schemes for NZEB Buildings (Economic) )
Chambers correlation to other phase 7%
Devels d Impl i f
3 |oeve o.pment and mp em.er.ltatlon ° Politicians no correlation 66%
strategies for awareness raising
4 Reglomfl efficiency improvement targets Politicians
supporting NZEB
5 Set lor.1g term regional targets for spatial Politicians
planning
6 Assessment of the energy efficiency and (Economic)
renewable energy potentials Chambers
7 Urban Masterplanning Allowing highly Planners

compact buildings

8 |Optimize Building Orientation and Zoning | |Planners

g
<
"e( 9 |Optimize Solar Access in Urban Layout Planners
«— 10 |Work with Urban Microclimate Municipalities
)
A~ Consideration of Thermal / Electrical .
11 . - Utilities
8 Microgrids on District Level
. 9 1 C(.)nslldetanon of Seasonal Storage on Urilities
*L—)’ District Level
< Definition of Basic envelope attributes and
13 Planners
Energy Targets
14 | Definition of Integrative Design Team Authorities
15 Pre.paratlon of budget for renewables and Planners
estimate return on investment/ LCC
16 Connection request for PV / drilling permit Owners
for geothermal
17 |Requirements Analysis Planners
18 |Apply Strategy towards efficient use of land | |Municipalities

Assesment of the Potential for Decentralized
19 . Planners
renewable power generation

20 |Other Phase

Figure 16: Urban planning process with stakeholder-related actions
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3.INTEGRATED BUILDING DESIGN PROCESS

3.1. OVERALL PROCESS

An integrated building design process may have many definitions and meanings. In general, it may be consid-

ered a holistic approach, which considers the interactions between different actions, rather than optimising

them separately. E.g. optimising building layout/plans from a user petspective may have major effects for the

superstructure of the building, which in turn causes unnecessary additional costs.

It is important that the process is supported by the entire design team. The outcome of the process should

be targeted to create a building with:

e Architectural quality
e High energy efficiency/low environmental impact

e Healthy indoor climate

Design

Ventilation User

Architecture

Building

Physics LS

Lighting

Heat

bridges

Figure 17: Integrated nZEB planning process

Facade

Floor plan

Orientation

Envelope
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Figure 18: Integrated planning process / planning phase

3.1.1.CONCEPT DESIGN

The concept design starts with demand planning, To
be able to start the demand planning it is important
to understand the client’s requirements and cleatly
define the project goals. It is important that the en-
tire design team understands the goals of the project
and understands that the work needs to be iterative
and depends on cooperation. For projects with con-
siderably higher goals, like nZEBs, the design

transfer detailed
planning informations

process should start with a feasibility study showing
important technical solutions, costs, savings and po-
tential solution sets that work well together. This
provides a basis for decision of the main targets for
the project. The most relevant feasibility studies are
made with contribution from the architect, the en-
ergy the the

specialist, developer/ investor,



construction manager and with insights from experts
on sustainability, technical installations etc.

The overall verification method of the project goals
is already defined in the concept design. The project
team also needs to define how to verify the energy
performance of the building. Should it be done by
calculations/simulations and/or measurements in
the operation phase? Exactly which software or
which measuring equipment to use is usually not de-
fined at this early stage of the process.

During the concept design, also critical pitfalls and
bottlenecks which may affect the project goals need
to be identified.

The quality of the processes depends on the project
organization and the information provided about
project goals and framework conditions.

It is the client's task as project manager to put to-
gether a project team (if this task is not delegated to
the contractor, i.e. a so-called “general contractor”)
that can meet the requirements of its project objec-
tives in every phase of the project. It is also up to the
client to determine the degree of outsourcing of re-
sponsibility and decision-making power and to de-
fine roles and tasks for all related planning team
members. In order to avoid the problems of coordi-
nation and cooperation, project participants, as well
as the definition of responsibilities, decision levels,
and the technical competencies corresponding to the
complex requirements, lay the basis for a life-cycle
oriented process (cf. IG-Lebenszyklus, 2014). It is
important to choose how many and which specialists
will be employed for the project, depending on the
scope and complexity of the task. The expert
knowledge from various disciplines should always be
considered in order to achieve a holistically opti-
mized building in which different requirements are
balanced (BM Wi, 2015, p. 4). In addition, integrative
project organization should have a quality assurance
effect, since several instances can check compliance

with the required services.

Only a simultaneous and comprehensive interdisci-
plinary project team can fully deal with the depend-
encies between function, form and energy and thus
also identify and evaluate the manifold cost effects
of actions in the process.

This applies in particular to the financial conse-
quences of architectural decisions on energy costs

that cannot be determined by the LCC calculation.
But also, the extended consideration of the environ-
mental impacts requires corresponding experts and
close cooperation in order to be able to evaluate and
compare variants promptly. Close and iterative co-
operation also reduces information losses and plan-
ning collisions and thus prevents time- and cost-in-
tensive planning loops. Energy consultants ensure
the processing of the required qualities in planning
and execution, especially those that cannot be quan-
titatively defined in advance. A variant of different
methodologies and procedures can be used: Variant
development, comparative life cycle assessment and
a constant target/actual compatison of the proposed
solutions with the main project targets.
Information exchange between the partners in the
process becomes even more relevant to the more
complex. This is important because the main cause
of planning errors and missed deadlines lies in the
inadequate and incorrect availability of information.
Therefore, the definition of communication chan-
nels is of greatimportance for the reduction of data
and time loss. Smooth and transparent communica-
tion is the key to efficient planning of nZEBs. This
must be maintained throughout the entire process,
as subsequent decisions must be made on the basis
of all information from previous decisions and de-
pendencies.

Integral BIM (building information modelling)
project:

The digital planning process of the BIM planning
method is characterized by the changed structures of
cooperation and communication in the planning
teams.

Integral planning is the prerequisite for a lifecycle-
oriented process that meets the economic, ecological
and socio-cultural objectives. Architects and engi-
neers work simultaneously and team-oriented on the
bestinnovative solution and constantly check if qual-
itative and quantitative goals are reached. A data
model, building information modelling — BIM, maps
the process from the initial idea to all virtual planning
variants and the real construction processes to the
lifelong operation of the building,

The integral design phase is divided into different
phases, in which know-how carriers from the differ-
ent specialistareas come together. This development

takes place in the investigation of variants and the



evaluation of the different concepts on the basis of
ecological and economic considerations. The integral
design method makes it possible to compare variants
with each other and to select the concept that

3.1.2.AUTHORISATION PLANNING

When the authorisation planning phase begins, the
design team may have changed (new members come
in and members may have left the team). It is there-
fore important to revisit and review the goals of the
project, ensuring that goals and targets are undet-
stood by
planning, the final design is not defined in detail

all members. During authorisation

However, in order to handle critical issues which
may affect the project goals (identified in the concept
design) some technical solutions may need to be
studied in detail.

Also, this part of the process is iterative and depends
on cooperation. Interdisciplinary work is crucial in
this part of the process. In order to facilitate the it-
erative and interdisciplinary work, it is advisable to
gather the entire design team 2-4 times per month
where the entire design team work on the project.
The verification of the project goals are defined
more in detail and responsibility of the verification is
defined.

In all European countries, there are regulations that
regulate how construction may be carried out. These
standards are necessary in order to plan and build
safe, "healthy", energy-efficient and barrier-free
buildings. Basically, Pedro et. al. defined five proce-
dures in a publication according to which an ap-
proval procedure can operate (Pedro, 2010).

1) Exemptions: construction works that have to
meet the planning demands and the technical re-
quirements but are exempt from the permit proce-

dure.

corresponds to the objectives of the client and the

target values.

2) Building notice: construction works thathave to
be notified to the building authority but can be car-
ried out without a building permit.

3) Light procedure: construction works that re-
quire a building permit but compliance of building
design with building regulations is only insured for
part of the technical requirements.

4) Regular procedure: construction works that re-
quire a building permit and compliance of building
design with building regulations is ensured for all the
technical requirements.

5) Regularization: construction works that have
been built without the required building permit or
contrary to the terms and conditions specified in the
building permit, but may be legalised.

In the different European countries, there are differ-
ent combinations of possible approval procedures:

o Exemptions and regular procedure (e.g. Bel-
gium, Cyprus, Hungary, Romania and Scot-
land).

o Exemptions, building notice and regular proce-
dure (e.g. Austria, Bulgaria, Czech Republic,
France, Italy, Luxembourg, Malta, Portugal,
Slovenia, Sweden, Northern Ireland and Eng-
land & Wales).

o Exemptions, light procedure and regular proce-
dure (e.g. Germany, Lithuania, the Netherlands
and Spain).

o Exemptions, building notice, light procedure
and regular procedure (e.g. Estonia, Ireland and
Slovakia).



Table 3: Types of construction permits in different countries (Pedro, Meijer, Visscher, 2010)

BUILDING LIGHT REGULAR

EXEMPTIONS NOTICE PROCEDURE PROCEDURE REGULARIZATION
Austria v v v
France v v v
Germany v v v
Italy v v v
Sweden v v v
The approval process basically includes the steps: Within the scope of the pre-consultation,

* pre consultation
*  (planning permit)
*  submission

* planapproval

Not all steps are applied equally in all European

countries.

information about regulations on use, building
height, maximum structural mass, etc. can be
requested. With the exception of Bulgaria, this
inspection is a voluntary process step that makes the
approval process a more reliable and secure one for
the planner / building owner. The information
provided is handled differently in the countries of
the European Union.

Table 4: Given information during the pre-consultation are binding / non-binding for the permission process (Pedro, Meijer, Visscher,

2010)
BINDING INFORMATION NON-BINDING INFORMATION
Austria v
France v
Italy v
Sweden v

The next step in authorisation is handled differenty
in the European Union. In some countries, a plan-
ning permit must first be issued before a final permit
is given. But the planning permission is not yet a
binding approval for the construction of the build-
ing. The separate approval of design and building is
carried out in France and Sweden. In Austria, Get-
many and Italy there is only one approval process for
the building,

Information on building standards and the proce-
dure for approval can be found on the internet in all
EU countries. Codes, brochures and paper forms,
can also be downloaded from the internet. In one-
third of the countries, electronic intake of a building
permit application is already possible or being imple-

mented in some countries (Pedro, Meijer, Visscher,
2010).



3.1.3.TECHNICAL DESIGN

When the technical design phase starts; the configu-
ration of the design team may have changed (new
members come in and members may have left the
team). It is therefore important to revisit and review
the goals of the project; ensuring that they are under-
stood by all members.

Assumptions made in the concept design and au-
thorization planning need to be checked and verified
(e.g. ventilation rates, specific values for thermal
bridges, type of thermal insulation etc.).

Also, this part of the process is iterative and depends
on cooperation. Interdisciplinary work is crucial in
this part of the process. In order to facilitate the it-
erative and interdisciplinary work, it is advisable to
gather the entire design team 2-4 times per month

where the entire design team work on the project.

During technical design, the verification of the goals
of the project is defined in detail.

As the commissioning tests are crucial for the out-
come of the project, these tests need to be defined
in this phase.

In order to manage information in an effective way,
it is important that all members of the design team
have access toinformation (e.g. specifications, Gantt
scheme, drawings etc.). Thisis effectively handled by
using cloud-based management tools.

3 Build contracts (BC)

In these projects, the client has (before contractor involvement)
designed a building, including technical design, and asks different
contractors for their bid. Usually the low est bid wins the contract.

In this case, the client holds the risk of errors in design and the
contractor is not part of the design process.

If the client has chosen to procure the project as a
BC3 the client manages the design team. The ad-
vantage of a BC for the client is that the client has
the possibility to control the design in detail. How-
ever, the client may not have the competence to do
this, needing external consultants. Furthermore, if
the contractor is not involved, the design team may
lack the insight of cost drivers, ending up with a
costly design.

For the other types of procurement, the contractor
manages the design team. The risk of errorsin design
is transferred to the contractor, and the contractor
involvementwill facilitate the work to achieve a cost-
effective design. However, the client experiences a
loss of influence on the design.




3.2. PITFALLS AND BOTTLENECKS
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Figure 19: Integrated planning process with bottlenecks

transfer detailed
planning informations

B.201: Demand planning client

B.202: Integral planning

At the beginning of the planning process, it is important to
describe the demand exactly, because on this basis the plan-
ningis set up by the integral planner team. In the context of
this demand planning, it is necessary to define precisely what
the client's objectives are in terms of life-cycle costs, the envi-
ronment and social factors. These objectives must be de-
scribed in such a way that they can be measured based on a

few parameters (numerical values).

In order to be able to plan nZEBS, it is important that all
planning departments work together as a team. This is neces-
sary because new technologies have to be combined with
complex geometric requirements. In order to implement this
task both effectively and sufficiently,it is necessary for the in-
dividual disciplines to work on a common basisin a continu-
ous exchange of information.

B.203: Project management / - coordi
nation

B.204: Consulting expertise

nZEBs are mostly complex systems that have been developed
for a specific building structure. These systems are usually de-
veloped in early planning phases based on concepts. These
concepts are continuously refined during the project. Changes
to these systems usually have far-reaching consequences, such
as delays and inefficiencies in the planning process. Good in-
formation managementmustalso be carried out with the con-
struction site to be able to implement the planned systems ac-
cordingly.

To provide comprehensive advice to the customer, it is im-
portant to relate the effects of the decisions to the life cycle of
a building or to a subsystem of a building. The impactof de-
cisions on life-cycle costs, environmental impacts and socia
aspects must be clearly identified so that the decision can be
made based on a secure database.




B.205: Tools

ImplementinganZEB in planning requires an early as-
sessment and evaluation of a variety of parameters,
which are dassically only examined at a later planning
stage. Therefore, it is necessary to develop new methods
and tools, so that the necessary results caan be worked
outat thedesired timein the planning process.

B.207: New technologies

Using new technologies ora new combination ofindi-
vidual known elements, it can become relevant to incor-
porate the experience of exeauting companies at the
planning stage, as they often have further experience of
exeaution problems or other restrictions. This early in-
volvement avoids uncertainties in scheduling and de-
sign problems. This reduces the risk of testing new sys-
tems as all relevant parties work together to solve prob-
lems.

B.209: Subsidies

To receive some government-sponsored subsidies, it is
necessaty to send the application before installing the
plant and wait for confirmation from the authority. If
you do not follow the correct procedure, it is possible
not to receive the grant. So, if the request is not pro-
assed in time, it slows down the whole process and
postpones theinstallation.

B.211: Process definitions

To be able to assenble anZEB plan, new process flows
are required. This results from the changed require-
ments the quality of the construction task. To achieve
the goals, cwoperative / partidpative processes and
working methods must be developed.

B.206: Database

To be able to estimate a building in future use phases
realistically, it is important to carry out the calaulations
and evaluations based on a reliable data basis. In addi-
tion to operating data such as maintenance, deaning
and repair costs, this should also indude costs for an
end-of-life scenario, energy prices and price increases.
The scope of the database is so essential because a
building functions as an overall concept and thus the
entire life cyde ofa component has an influence when
considering the economicviability of alternatives.

B.208: Supply with (renewable) ener-
gies

The type of supply and the renewable energy sources
available at the building site must be checked and ana-
lyzed in early planning phases to be able to design the
most energy-effident and cost-effective overall system
possible. See some relevant actions to that within the
next chapter 4.3.

B.210: Environmental engineering ser-
vices

The influence of a technical or structural solution on
the life ¢yde of a building is not investigated. This
means that costs during the use phase, environmental
impacts and sodal standards are not considered. Due to
thelack ofanalysis and verifiation duting operation, it
is difficult to make reliable statements on theseissues.

B.212: Information exchange / cooper-
ation

Due to the mostly complex systems of nZEBsitis nec-
essary that all parties involved in planning, construction
and useare in a constant exchange of information. This
exchange must be desaibed in the processes, so thata
copetative -operation becomes possible.



3.3. ACTIONS
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Figure 20: Integrated planning process with actions
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air tightness

Thermal comfort is a subjective need but tried to be defined ob-

jectively as the quality of the building’s indoor environment. To
increase thermal comfort, the planner must define optimal ma-
terials and technologies related to the building envelope and

HVAC system. That could raise planning and investment costs,

but satisfied users in the long run decrease effort and mainte-

nance.
INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Comfort

€

+ €

- €



2.2 Optimize building envelope (compactness and insulation)

€€€
S

0,7

Surface to
€703 Volume Ratio
STAKE-
MAIN DRIVER HOLDERS

Owners; Planners; Munici-

The planner should aim for buildingswith thelowestform factorand
good insulation to decrease heat losses, thermal bridges and to redue
overheating problems. Improving the compactness doesn’t influene
the planning cost and has further positive effects: It reduces the
amount of construction materials needed, provides better com fort
conditions for the resident and decreases heating energy demand.
(NHBC Foundation, 2016, The challenge of shape and form).

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
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Authorities palities; (Economic) _ €€ opment
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2.3 Improve window to wall ratio
Glazing and transparent components of a building influence the en-
£
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2.4 Optimize insulation
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ergy balance during summer and winter. Moreover, the transpatent
parts areate high heatlosses. It follows that a propetly designed build-
ing with optimized (low) window to wall ratio and U-value contributes
to minimising the investment costs, overall energy demand and follow-

up COSts.
INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Comfort and
rental income
+ € -€ - €

Itis important to choose matetials with low thermal conductivity and
to optimize the thickness of external building components. Decreas-
ing the U-value the number of construction materials needed increases
and, therefore, also investment costs. On the other hand, im proving
the insulation provides better com fort conditions (increases mean ra-
diant temperature and decreases local discomfort) and reduces follow-
up costs, related to heating energy demand.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Comfort

+ € - €€



2.5 Efficient space design

Effective space planning ensutes not only optimal use of floor area

without wasted space, but has also positive effects on people inside

buildingand on energy saving potential. Even ifit requires some extra

costs in the design, it rationalises the functional needs and the heat-
ing/woling requitements, which later on saves energy costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-

MAIN DRIVER ::)tll()i-ﬂs ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Tenants/Users; Owners; Resource sav-
Construction  company; ings
Planners (Economic)  Chambers; + € - €
Utilities
2.6 Flexibility & adaptability
Applying the concept of flexibility and adaptability not only to com-
ponents ofabuilding and its structural design but also to its technolo-
gies and installations, makes it possible to achieve changes quickly.
Moreovert, the building is designed for different uses and is switched
1 2 1|2 1 2 from a short life cyde to along life cyde. It requires bigger planning
i i and investment csts, because of a more complex HVAC system; but
> 4 >4 >4 it permits to reduce follow up costs since it is possible to heat or cool
onlyonepartand not thewhole building.
STAKE INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDE-RS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Owners; Construction Value devel-
company; Authorities; opment
Planners (Economic)  Chambers; + € + € - €
Utilities
2.7 Optimize solar gains / solar control
Passive solar design techniques require high knowledge onsolar geom-
Heat Heat etry and shading system technologies, as well as on modelling or sim-
Stored Released . . . . e
ulation of solar gains; therefore they raise planning costs. Optimisation
of solar gains can reduce oreven eliminate the demand for mechanicl
ooling, heating and artifidal daytime lighting. By sometimes creating
higher investment costs, it decreases maintenance and annual enegy
Qsts.
STAKE INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Ow ners; Construction com- User satisfac-
Planners pany; Authorities; + € + € - €€ tion, comfort



2.8 Improve the daylight factor

By optimising the daylight quotient, life cyde costs for lighting can be
saved. A daylight simulation mustbe carried out as patt of the planning
process in order to determine the daylight quotient. Additional costs
mayarisein the context of investment costs since partly larger window
areas (also inside the building, e.g. to cotridors) or directing reflectors
are usually plannedin the course of optimisation.

INFLUENCE INFLUENCE ON INFLUENCE CO-

TAKE-
MAIN DRIVER :OLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Tenants/Users; Owners; Comfort,
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Authorities Municipalities; (Economic) + € + € - € COz-reduc-
Chambers; Society tion
2.9 Energy performance calculation
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2.10 Natural ventilation
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By determining the enetgy demand values using simulation, uset-spe-
dfic statements can be made about the quality of the building. These
simulations cause considerable additional costs within the fram ework
of the planning process. However, these an be reduced in a cwopera-
tive BIM planning process if it is possible to transfer the building ge-
ometty from the BIMinto the simulation software. More detailed plan-
ning can lead to foaused investment and lower energy costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Value devel-

opment and
+ € - € - € y

energy savings

Due to the passive approach, no final energy is required, although not
in all nZEB natural solutions would keep high indoor air quality. But
natural ventilation also assists mechanical ventilation systems in cool-
ing down buildings during summer. In the context of planning, how-
ever, these systems require an inceased planning effort and thus
higher costs there.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

+ € - €

Comfort



2.11

Cooling strategies
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Passive, active and hybrid systems are available for coling condition-
ing ofa building. In order to keep usage costs and investmentcosts as
low as possible, care should be taken during the planning process to
optimize strategies for a passive supply of the buildingand to minimize
active cooling solutions. A high relation of passive to active cooling
will give the cost savings duringoperation.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Comfort

+ € + € - €

solar thermal systems

As solar thermal systems ate widespread and used for many years there
is already a good knowledge about the planning, system design and
operation available. However, planning still accounts fora large share
of the overall system costs, induding a good storage solution. Opti-
mized planningmight be more expensive than standard planningpro-
asses, butitan reduce theinvestmentand operation costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Increased au-

+ € + € - €€

tarky and re-

source savings
photovoltaics

As the investment costs for PV systems already decreased tremen-
douslyin the pastyears, the levelized costs of electridty (lcoe) are al-
ready below the purchasing costs for electridty in many countries for
most electridty consumers. Due to the alreadylow lcoes, the maximi-
zation of the own-consumption is of major importance for the cost
effidency of the systems. According to (Kéhler et al., 2018), there are
also large cost saving potentials assodated with the PV system itself
(cabling, cells, gtid connection, mounting), which cannot be influenced
directly by the planning.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Increased au-
tarky and
+ € - € some  rental

income



2.14 Mechanical ventilation

STAKE-

MAIN DRIVER HOLDERS

Owners; Real estate fund,;
Construction company; Au-

Citizen horiti Pl ®
thorities; anners; co-
groups/NGOs nomic) Chambers; Society;
Politicians
2.15 Domestic hot water
o © STORAGE
g g —
g §
: : =
£ S —
N N
Stored Heat [4 Stoved Heat [4
STAKE-
MAIN DRIVER
HOLDERS
Tenants/Users; Real estate
Citizen fund; Authorities; Planners;
groups /NGOs Municipalities; (Economic)

Chambers; Utilities

Medhanical ventilation systemsare of high need forhealth and indoor
air quality. Theyate often accompanied by heat recovery units, so ven-
tilation heat losses can be reduced significantly, which means lower
heating loads are to be expected. However, these ventilation systems
often require a high amountof electridty to transport the air through-
outayear. In addition, maintenance and repair costs are to be expected
during operation.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS

COSTS COSTS UP COSTS
High socio-
economic

+ € + € value, com-
fort

For electridty as well as hot water consumption, espedallyin residen-
tial buildings, primarily the users and their behaviour have a majorin-
fluence on the energy demand and the resulting usage costs. Duiing
planning, care should be taken to keep distribution and storage losses
as low as possibleand to enable renewable generation of hot water, so
the follow-up costs will be low.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Energy sav-

- € ings

2.16 Plug loads and internal gains

STAKE-

MAIN DRIVER HOLDERS

Tenants/ Users; Construction
company; Municipalities; (Eco-

Planners nomic) Chambers;  Citizen
groups/NGOs; Society; Politi-
cians; Utilities

By integrating internal heat gains into a thermal simulation or energy
balance, the heating demandin winter and system adjustments can be
greatly reduced. However, a spedfic detailed consideration requites an
inaeased planning effort. In coling mode, however, these internal
heat sources have a negative effect on the required woling capadty.
This is carrently relevant in non-residential buildings. But a detailed
analysis and low-cost consideration of the internal heat sources indud-
ing plugloads also makes sense for the living area.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Comfort and

€ € resource sav-

ings



2.17 Storage facilities

Temperature °C
Temperature °C

N
7

A 4

Stored Heat Stored Heat

STAKE-

MAIN DRIVER HOLDERS

Owners; Authorities; Mu-
nicipalities; conomic
Planners P ’ (E . 4)
Chambers; Society; Utli-

ties

The development of heat and electridty storage systems is currently
under considerable pressure for investigating new systems. Most of
these systems are still characterized by high investmentcsts, butsup-
port the usage of cheap renewable energy systems like biomass and
solar thermal systems, which causes low operation costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Role model/

pioneering
+ € - €€

role

2.18/19 Construction details - heat bridges and air tightness

(outside) (inside)

( e Thermal Bridge
r (Slab, Beam,...)

STAKE-
MAIN DRIVER HOLDERS
Owners; Authorities; Mu-
nicipalities;  (Economic)
Pl
anners Chambers; Society; Utili-

ties

2.20/22
mass

STAKE-

MAIN DRIVER HOLDERS

Construction  company;

Planners;  Municipalities;
Owners .
Investors; (Economic)

Chambers; Utilities

Through adetailed analysis of the quality of the com ponent junctions,
heat losses/thermal bridges and ventilation losses can be avoided.
Through these measures, itis possible to reduce the heating demand,
but much hinder construction damages in the utilization phase. The
alailation of the thermal bridges, junction gaps and similar is con-
nected with planningeffort. However, the result of this calaulation has
a great influence on the sustainability of the constructions.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Comfort,
quality assur-
+ € - € ance, con-
struction

value

Thermal activated building (TAB) elements - accession of thermal

The TAB systems deliver heating and cooling power to the room with
low-tem perature differences between supply flows and the room. The
prediction of thermalloads is, therefore, an im portant factor for effi-
dent operation and thermal comfort. Generally, the integration and
optimal operation withinthe HVAC system is essential and requires a
slightly higher planning effort compared to other available heating and
woling solutions, butoffers savings and storage/flexibility aapadty to
thebuilding’s energy system.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Comfort and

7 storage
€ _ € energy s



2.21

Authority

N

Facility

Manager

7

Owner

MAIN DRIVER

(Economic) Cham-

bers

2.23

MAIN DRIVER

Authorities

2.24

o (e

BIM systems

Planner

Contruction

Company

N

HVAC Planner

STAKE-
HOLDERS

Owners; Construction
company; Planners; Citizen

groups/NGOs; Utilities

STAKE-
HOLDERS

Owners; Planners; (Eco-
nomic) Chambers; Citizen
groups/NGOs; Utilities

Heat pumps

IANANS!

MAIN DRIVER

(Economic) Cham-

bers

STAKE-
HOLDERS

Owners; Authorities; Plan-
ners; Municipalities; Inves-
tors; Citizen
groups/NGOs; Politicians;

Utilities

Building information modelling, allowing all the partners in a projee
to work together on a digital integrated design model, offers benefits
during both design and construction. There are important savings to
reach concerning qualityand control, e.g. the planning of different in-
stallations creating datity and promoting integration of different in-
stallation works. However, to achieve the desired output, educated per-
sonnel who know how to work with BIM is needed, and extra time
and resources (i.e. costs) in the eatly planning.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Role model/
+ € - € pioneering
role

Energy recovery systems

Energy recovery systems like for ventilation or wastewater treatment
systems with heat recovery units are costly when installed, but effective
when re-using heat. Animportant factoris the electridty consumption
of the pumps orauxiliary energy needed to run the recovery system —
it is dedsive for the return on investment.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Energy and

resource sav-

+ € - €

ings

Theannual work rate, defined as the ratio of the heat produced to the
clectrical energy consumed, averaged over one year, is the most im-
portant factor defining if a spedfic heat pump system is saving primaty
energy and running costs ornot. When the ratio is lower than 2.5, no
primary energy or cost-saving potential is left, and the heat pump
comes near to be a “direct powered” heating system.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Use of energy
flexibility

- €



2.25 Apply for funding

Funding helpsthe market to advance with continuously improved en-
ergy petformance within the newly constructed building stock as a
long-term result. Applications are often time-consuming, even more
so in the cases where collaboration between many actors is required,
but the planning quality increases. However, most often the cost re-
duced due to external funding covers working hours in the design
phase, someinvestmentin related environmental technologies and so
follow-up costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-

MAIN DRIVER :::-I;i-ns ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
y o Value devel-
(conomic) Cham s v ks € € opment_and
crs zen groups/NGOs; Politicians qualtty assur-
ance
2.26 Efficient use of materials
ForanZEBitisimportantto economize the use of materials, but also
to reduce unnecessary investment costs there. Foaus on effident ma-
. “‘“‘“’“W terial use may lead to higher costs in the design phase, espedally if
there are quantitative targets to reach in terms of dimateload, demand-
‘ | | ing COz-calaulations of different materials and constructions. How-
ever, if the foaus is to optimize for example the amount of insulation
‘ | | in the construction, asimplified way could be to calaulate the costs per
L | | I | reduced kWh for this solution compared to other technical solutions,

so that the cost-effident alternatives are chosen.

INFLUENCE INFLUENCE ON INFLUENCE CO-

TAKE-
MAIN DRIVER :OLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Citizen Authorities; Planners; Mu- € € Resource sav-
groups/NGOs nicipalities; Politicians + - ings
2.27 Energy Flexibility - Demand Response

Demand =0—— Smart
Response Event =Q—— Controller

Baseline
Load

N
4

Load.

Time

STAKE-

MAIN DRIVER HOLDERS

(Economic) Cham- Tenants/ Users; Owners; Authot-

ties; Planners; Municipalities; Citi-

bers zen groups/NGOs; Utilities

Demand response and energy flexible operation of a building requites
additional monitoting, communication and automation technologies
and therefore additional investment costs. On the other hand, under
the current market environment, the achievable cost savings (ot reve-
nues) with demand response are very limited or not existing (espedally
forsmall apadties/ loads). The topicis intetesting fora future fluctu-

ating renewable energy market to save costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Fossil energy

+ € = € savings



3.4. PROCESS EVALUATION RESULTS
3.4.1.LIST OF ACTIONS RELATED TO STAKEHOLDERS AND OTHER AC-

TIONS

In the following table, the various actions were assigned to the main drivers and other stakeholders in order

to clarify the question of responsibility. In addition, the various dependencies of the actions are listed in the

right-hand column of the table to show which actions and stakeholders need to be communicated subse-

quently.

21

22

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2,13

Table 5: List of actions - planning

ACTIONS

Definition of Allowed Ther-
mal comfortranges

Optimize Building Envelope
(Compactness and Insula-
tion)

Improve Window to Wall
Ratio

Optimize Insulation

Efficient Space Design

Flexibility & Adaptability

Optimize Solar Gains / Solar
Control

Improve Daylight Factor

Energy performance Calcula-
tion

Natural Ventilation

Cooling Strategies
Renewable Energy - Solar

Thermal Systems

Renewable Energy - Photo-
voltaics

Mechanical Ventilation

Domestic Hot Water

MAIN
DRIVER

Planners

Authotities

Planners

Ow ners

Planners

Ow ners

Planners

Authotities

Authorities

Ow ners

Ow ners

Ow ners

Ow ners

Citizen
groups/NGOs

Citizen
groups/NGOs

STAKE-
HOLDERS

Tenants/Users; Ow ners; Utilities

Ow ners; Planners; Municipalities;
(Economic) Chambers; Citizen
groups/NGOs

Ow ners; Construction company; Au-
thorities; Municipalities; (Economic)
Chambers

Real estate fund; Construction com-
pany; Authorities; Planners; Munici-
palities; (Economic) Chambers; Citi-
zen groups/NGOs

Tenants /Users; Ow ners; Construc-
tion company; (Economic) Cham-
bers; Utilities

Construction company; Planners;
(Economic) Chambers; Utilities

Ow ners; Construction company; Au-
thorities; (Economic) Chambers; Util-
ities

Tenants /Users; Ow ners; Real estate
fund; Planners; Municipalities; (Eco-
nomic) Chambers; Society

Planners; Municipalities; (Economic)
Chambers; Citizen groups/NGOs;
Society

Construction company; Planners;
(Economic) Chambers; Politicians

Tenants/Users; Construction com-
pany; Planners; Municipalities; (Eco-
nomic) Chambers; Society; Utilities
Construction company; Authorities;
Planners; (Economic) Chambers; So-
ciety; Politicians; Utilities

Tenants /Users; Real estate fund;
Construction company; Authorities;
Planners; Municipalities; Investors;
(Economic) Chambers; Citizen
groups /NGOs; Society; Politicians;
Utilities

Ow ners; Real estate fund; Construc-
tion company; Authorities; Planners;
(Economic) Chambers; Society; Poli-
ticians

Tenants /Users; Real estate fund; Au-
thorities; Planners; Municipalities;
(Economic) Chambers; Utilities

INFLUENCES
ON OTHER
ACTIONS

2.4,2.6,29,221,
3.6,4.9

2.3,2.4,2.19,2.20,
2.21,2.22,2.26,34

2.21,34,3.6

22,222,2.26,3.6

1.8,2.6, 2.8,2.16,
221,3.11,42,4.8

1.17,2.5,2.21,2.27,
33,48

1.6,1.9,1.18,2.12,
213,227

1.8,2.3,2.21

22,2.7,2.20,2.26

17,1.8,2.14

2.2,2.9,2.10,2.14,
2.16,3.6

12,1.6,19,2.7,
2.15,2.17,2.25,3.7

12,1.6,1.16,2.17,
2.25,2.27,3.7

2.19,3.1,4.8

1.17,2.7,2.12,2.17,
49



2.17

2.20

2.21

2.22

2.23

2.24

2.25

2.26

2.27

ACTIONS

Plugloads and internal gains

Storage facilities

Construction Details - Heat
Bridges

Air tightness

Thermal Activated Building
Elements

BIM systems

Accession of Thermal Mass

Energy Recovery Systems

Heat Pumps

Apply For Funding

Efficient use of materials

Energy Flexibility - Demand
Response

MAIN
DRIVER

Planners

Planners

Planners

Planners

Ow ners

Authortities

(Economic)
Chambers

Authortities

(Economic)
Chambers

(Economic)
Chambers

Citizen

groups/NGOs

(Economic)
Chambers

STAKE-
HOLDERS

Tenants/Users; Construction com-
pany; Municipalities; (Economic)
Chambers; Citizen groups/NGOs;
Society; Politicians; Utilities

Ow ners; Authotities; Municipalities;
(Economic) Chambers; Society; Utili-
ties

Ow ners; Construction company;
(Economic) Chambers; Citizen
groups/NGOs

Authortities; Municipalities; (Eco-
nomic) Chambers; Citizen

groups /NGOs; Society
Construction company; Planners;
Municipalities; Investors; (Economic)
Chambers; Utilities

Ow ners; Construction company;
Planners; (Economic) Chambers; Pol-
iticians

Ow ners; Construction company;
Planners; Citizen groups/NGOs;
Utilities

Ow ners; Planners; (Economic)
Chambers; Citizen groups/NGOs;
Utilities

Ow ners; Authotities; Planners; Mu-
nicipalities; Investors; Citizen

groups /NGOs; Politicians; Utilities
Authortities; Planners; Municipalities;
(Economic) Chambers; Citizen
groups /NGOs; Politicians
Authorities; Planners; Municipalities;
Politicians

Tenants/Users; Ow ners; Authorities;
Planners; Municipalities; Citizen
groups /NGOs; Utlities

3.4.2.LIST OF ACTIONS RELATED TO COSTS

INFLUENCES
ON OTHER
ACTIONS

2.11,221,3.6,49

1.17,2.12,2.13,2.15,
2.24

2.3,2.21,3.6,3.8, 4.7

22,2.3,24,3.5,47

2.2,29,221,2.26,
34,4.6,48

1.14,2.3,2.5,2.6,
2.18,3.1,3.9,4.8

2.4,2.26

1.17,2.7,2.27,4.7,
48

1.16,2.17,2.21,4.6,
4.7
1.1,1.2,1.15

2.2,2.4,220,34

117,2.6,2.17

The cost savings or higher costs depending on the action are shown in the table below. Therefore € means

that fewer costs are required than in a conventional planning procedure. On the other hand,

means that

the costs increase. The number of € also indicates whether the change is big or small compared to the already

known costs. The cost estimation for the different actions and the different cost-causing project steps were

made in the course of the research project with the help of the project partners.



Table 6: List of actions related to costs - planning

21

22

23

24

2.5

2.6

2.7

2.8

29

2.10

2.11

212

213

2.14

2.15

2.16

217

2.18

2.19

ACTIONS

Influence on
Planning Costs

Definition of Allowed Thermal comfortranges

-€
Optimize Building Envelope (Compactness and
Insulation) + €
Improve Window to Wall Ratio

+ €
Optimize Insulation
Efficient Space Design

+ €
Flexibility & Adaptability

+ €
Optimize Solar Gains / Solar Control

+ €
Improve Daylight Factor
Energy performance Calculation

+ €
Natural Ventilation

+ €
Cooling Strategies

+ €
Renewable Energy - Solar Thermal Systems €

+
Renewable Energy - Photovoltaics
Mechanical Ventilation

+ €
Domestic Hot Water
Plugloads and internal gains
Storage facilities
Construction Details - Heat Bridges

+ €

Air tightness

Influence on
Investment Costs

+ €

+ €

+ €

+ €

+ €

+ €

Influence on
Follow-Up Costs

- €€

- €€



2.20

221

222

223

2.24

2.25

2.26

2.27

ACTIONS

Thermal Activated Building Elements

BIM systems

Accession of Thermal Mass

Energy Recovery Systems

Heat Pumps

Apply For Funding

Efficient use of materials

Energy Flexibility - Demand Response

Influence on
Planning Costs

+
ah

+ €

+ €

+ €

Influence on
Investment Costs

+ €

Influence on
Follow-Up Costs

1
()



3.4.3.LIST OF ACTIONS - WORK BREAKDOWN STRUCTURE

The following diagram shows an overview of all actions assigned to planning. In addition, they are further
divided into three categories in order to clearly define which part of the planning the individual actions belong.

ACTIONS P02 Planning

Concept Design Authorisation Planning Technical Design
PIifileey Improve Daylight Thermal Activated
Allowed Thermal -
Factor Building Elements
comfort ranges
Optimize Building Energy
Envelope
performance BIM systems
(Compactness and .
- Calculation
Insulation)
Improve Window - Accession of
Natural Ventilati
to Wall Ratio aturel entiation Thermal Mass
Optimize Insulation Cooling Strategies Ay T
Systems

Efficient Space Renewable Energy

3 - Solar Thermal Heat Pumps
Design
Systems
Flexibility & Renewable Energy .
Adaptability - Photovoltaics aoelviediunding

Optimize Solar

Mechanical Efficient use of
Gains / Solar T 5
Ventilation materials
Control
Domestic Hot Energy Flexibility
Water Demand Response

Plugloads and
internal gains

Storage facilities

Construction
Details - Heat
Bridges

Air tightness

Figure 21: List of actions - planning



3.4.4.LIST OF ACTIONS - RELATIONS BETWEEN THE ACTIONS

The following figure shows the correlations between the different actions and stakeholders. A more detailed

description can be found in chapter 2.4.4.

Actions P02 Planning

Figure 22: Correlation of actions in planning
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=
o ©
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Definition of Allowed Thermal
comfort ranges

Planners

Optimize Building Envelope
(Compactness and Insulation)

Authorities

Improve Window to Wall Ratio Planners
Optimize Insulation Owners
Efficient Space Design Planners
Flexibility & Adaptability Owners
Optimize Solar Gains / Solar

Planners

Control

Improve Daylight Factor

Authorities

Energy petformance Calculation ||Authorities
Natural Ventilation Owners
Cooling Strategies Owners
R -

enewable Energy - Solar Owners
‘Thermal Systems
R ble E -

enewal e' nergy Owners
Photovoltaics

Mechanical Ventilation

Citizen groups

/ NGOs
Citi
Domestic Hot Water /1le(‘e)12)§roups
Plugloads and internal gains Planners
Storage facilities Planners
Construction Details - Heat
n Planners
Bridges
Air tightness Planners
Thermal Activated Building .
Owners

Elements

BIM systems Authorities
Accession of Thermal Mass (Economic)
Chambers
Energy Recovery Systems Authorities
(Economic)
Heat P
cat Fumps Chambers
. (Economic)
Apply For F
pply For Funding Chambers

Efficient use of materials

Citizen groups

/ NGOs
Energy Flexibility - Demand (Economic)
Response Chambers
Other Phase

bilateral corrrelation
partial correlation
correlation to other phase

no correlation

.

11%
0%

82%



CHAPTER 4
CONSTRUCTION PROCESS

“TOWARDS A LEAN CONSTRUCTION
MANAGEMENT FOR nZEBS”
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4.CONSTRUCTION PROCESS / NZEB - LEAN
CONSTRUCTION MANAGEMENT

4.1. OVERALL PROCESS

Considering the building as a manufactured product also allows for the application of lean management strat-
egies, which have been widely used in the industry sector (starting from automotive). In the building sector,
there are only a few experiences, mainly performed in big and very complex construction sites but also in
smaller, standardized and highly industrialized concepts (for example BoKlok, a housing product by IKEA
and Skanska). CRAVEzero focuses onlean construction and operational protocols, which can also be applied
for low and mid-rise investment for low LCC nZEBs. CRAVEzero will develop construction and facility
management (quantitative and qualitative) indicators, and relative evaluation methods, enabling monitoring
and control of the effectiveness and viability of a comprehensive low LCC nZEB development process, as
well as generally better exchanges of data in the form of usable information and knowledge among the stake-
holders involved.

Figure 23
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PROCESS
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4.2. TENDER/CONSTRUCTION CONTRACTS

Once a projectis approved and gets the authoriza-
tion by authorities, construction companies are in-
volved in a negotiation phase.

The company receives all project documents and
construction guidelines, then draws up an economic
statement detailing the quantities, processes and
costs to realize the building and exposes it to his cli-
ent. The construction company seeks to comply with
all customer requests and where possible offers im-
provements. Subsequently, the negotiation between
the parties starts, the customer compares the

4.2.1.CONSTRUCTION PHASE

As the permissions are obtained, the construction
phase can start.

The very first phase is related to the preparation of
the site, keeping the construction site as clean and
uncluttered as possible, then the realization of the
excavation for the foundation.

The construction company can start, from the reali-
zation of the foundation and then all the bearing
structure. If precast elements are used this phase is
easier, scaffolding are avoided, and the construction
is faster.

When the structure is complete, and the envelope is
closed other skilled workers can start to realize tech-
nological systems (electric and HVAC), to install
windows, to do interior works up to complete with
finishing elements.

Lean construction is an approach developed to im-
prove efficiency and effectiveness of the
construction process. Managing a lean construction
means minimizing the waste of time, resources and
materials, and thereby maximizing value. The pres-
ence of a general contractor, which manages and co-
ordinates all suppliers and operators, makes it possi-
ble to optimize the entire system through collabora-
tion, the elimination of obstacles and to fluidize the
process, with the aim of achieving the value desired
by the customer.

A key premise for successtullean construction is that
materials and tools are available when an operation
is scheduled to start, equipment, design and people
are in place. Breaking down the work and planning it
with a focus on letting the different disciplines work

different offers to determine the company that will
carry out the work.

This phase of negotiation takes place between the
company and the direct investor supported by his or
her reference technicians (fund, private person or
real estate) in the case of work as a general contrac-
tor. If, on the other hand, the company is required
to perform only the role of the constructor of the
building, it will deal with those involved in carrying
out the intervention on behalf of the client and who
will coordinate the various professional figures.

separately as much as possible in an area and han-
dling the interfaces between disciplines. This can be
achieved through defining a number of “construc-
tion phases” and sequencing these.

Usefulis a structure of planning meetings to ensure
that all operations can start when planned.

Another point that can be crucial to avoid slow-
downs is to give detailed "rules" for the decision
power of each level.

The constructions have to reach the maximum func-
tionality, with the satisfaction of the final users.
Manufacturers and suppliers will have to be involved
in the design as soon as possible, to achieve integra-
tion and cost-effectiveness of the building. Current
achievements, progress, compliance with project re-
quirements must be verified by specific coordinated
and continuous measures. Better is facilitating qual-
ity control throughout the construction process, ra-
ther than doing this at the end when correcting prob-
lems is much more difficult and expensive.
Allowing an open communication between owner,
project manager, contractors and engineering con-
sultants is an issue that guarantees a better outcome.
The use of prefabricated systems and the displace-
ment of the workings as much as possible outside
the building site is a winning strategy. Using this
technology it is possible to apply the principles of
lean production to construction. Off-site construc-
tion reduces on-site work and locates it mainly in the
factory, allowing reorganization of technologies and
process aimed at greater efficiency and quality. The



main improvements between the standard method

of construction and the off-site are:

O

O

Guarantee of better control and quality of the
product. Thanks to the industrialized systems
the production is optimized and the perfor-
mances guaranteed;

Production times are reduced thanks to the ef-
fectiveness and precision of production pro-
cesses;

On-site operations are reduced to a minimum,
the risk of unforeseen events, delays and addi-
tional costs are reduced;

The scheduled times and costs are more certain,
reduction of uncertainty to the realization of the

projects.

The reliability of the goods produced, the traceability
of the components, their programmable mainte-

nance as well as the containment of the energy costs

become aspects decisive for off-site construction.

Another strength of lean construction is the im-
provement of health, safety and environment and

also job satisfaction (quality of working condition is

improved, better cooperation and fewer conflicts are

a guarantee).




4.2.2.COMMISSIONING/ HANDOVER
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At the end of the construction, compliance with the
project must be guaranteed. Checks and measure-
ments are performed already duting the execution of
the work, but at the end real tests are carried out to
ensure the efficiency of the building (static test,
blower door test, verification of the electrical system,
etc.).

Together with the building, the customer is given a
manual of use and maintenance, which collects all in-
dications for the correct use of the building and the
components installed in it. The manual intends to
provide general advice to optimize the use of the
new home and to manage scheduled maintenance
services efficiently.

Today, thanks to digitized systems, such as BIM, it is
possible to provide a real identity card of the build-
ing, to be used for the management of the entire life
cycle of the building.

After the realization of the building it is necessary to
do some test to verify the operational phase of the
HVAC and energy production system. The first test
is the production of electricity of the PV system that
has to be similar to the design parameter. Another
important test is related to the balance of radiant
flow heating and mechanical ventilation to provide
heating and ventilation according to design.

The last test considered is the blower door test that
is necessary to evaluate real air infiltration in nZEB
building to correct the presence of realization fault

.\A

that can increase energy consumption and cause
structural damage during operational phases.

The maintenance of the systems is important to pre-
serve the energy efficiency of the overall building.
The solution is to monitor and control some im-
portant parameter such as energy consumption or
heat production of the HVAC system. The principal
purpose of energy monitoring is to store data to im-
plement automatic statistical analysis to predict fail-
ure of HVAC components.

Commissioning advantages:

The organized planning of the processes of the com-
missioning of trades and plant components has the
goal of achieving the functionality required in the or-
der demonstrably and transparently.

This is a process which is intended to prove the en-
tire functionality of all systems in order to ensure the
function of the individual trades.

The result of the organization of the commissioning
is a functional building with all plants, which ensures
the use for the client from the first day on.

Basic determination within the scope of commis-
sioning are guaranteed parameters by the contractor
as the basis for performance measurements and con-
tract fulfillment.

The objective of the organized commissioning is to
maintain a functional and energy-efficient object
with all plant components of the technical building
equipment.



The operating parameters on which the planning is
based and which correspond to the client's specifica-
tions must be verified by the trade contractor.
Necessary adjustments of operating parameters in
order to achieve optimizations are to be initiated or-
ganizationally. This is achieved by trial operation and
long-term monitoring of the technical building
equipment in operation by the facility manager.
The determination of the methods to be applied in
the course of commissioning is also important for
determining the basic principles (verification by the
respective trade contractor). This concems the tools
and activities for implementation. This is a prerequi-
site for preparing or organizing the commissioning
by suitable persons in view of a large number of dif-
ferent requirements of the parties involved in the
construction work and the type of use.

Due to the given complexity of the project, the as-
surance and control of the desired quality is an im-
portant and desired service of the client. This service
is to be provided by the respective contractor as
proof of his complete fulfillment of the contract.
This interface matrix enables the creation of task al-
locations, proof allocations, scheduling, the capacity

of personnel, etc.
Procedure for commissioning:

Before handover/acceptance
e Completion of the plant by the respective
contractor
e Quality inspection by the respective con-
tractor
e Quality control by adjacent trades together

e Elimination of open services by the respec-
tive contractor

e Acceptance by the client or his vicarious
agents

e Elimination of defects by the contractor

e The takeover by the client

After takeover
e Real operation during the warranty period
by the facility manager

e The final determination by the client or by
its vicarious agent

e Elimination of defects by the tradesman

e The release of the contractor from warranty

Step 1 Performance assessment
Verification of the performance of the service in ac-
cordance with the contract as a prerequisite for the
acceptance of the service (which means an apparent
acceptance).

The acceptance consists of:

e The completeness check

e The proof of the functional test = commis-
sioning

e Proof of function measurement = proof of
commissioning

e The proof of the cross-industry safety func-
tion test = proof of the official requirements

e The proof of the function test covering all
Trades = commissioning

e The cross-functional measurement = verifi-

cation of the trial operation

Step 2 Completeness check
Proof that:
e Thedelivery has been madein full to the ex-
tent provided for in the contract
e The components or the system components
are properly installed in compliance with the
technical and official regulations and stand-
ards
e There is accessibility for operation

o All official documentation is available

Step 3 Scope of inspection

e Comparison of the delivery with the con-
tract, both in terms of scope and material

e Checking compliance with technical and of-
ficial safety regulations

e Proof of submission of all documents nec-
essary for the operation

e Proof of submission of all necessary docu-
ments for energy management

e LBvidence of the training and instruction
provided, above all in safety-related matters
(accident management)



Step 4 Function test
e Verification of the contractual functionality
of the plant, the technically correct installa-
tion and the effectiveness of the individual
components.

Step 5 Function measurement

. 2 Step 3 Scope
Performance Completeness fi i
assessment check or iInspection

Figure 25: Commissioning procedure after takeover

e Verification of the assured nominal values
to be provided by the plants under load
(random checks).

Step 6 Checks

Determination of the material quality, the execution
quality and proof of the trouble-free and efficient
operation of the plant components.

Step 5
St?p 4 Function Step 6 Checks
Function test
measurement
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Figure 26: Construction process- bottlenecks

B.301: Installation of innovative tech-
nologies

To achieve the energetic status of a nZEB, it is neces-
sary that the overall quality of the buildingis at a very
high level. The development of new constructions and
theinstallation of new technologies mustbe made by an
experienced team. Ladk of experience can lead to prob-
lems in building operation or construction defects.

B.302: Budget constraints

During the construction work, it is recognized that the
expenditureis greater than it was estimated by the plan-
net team. These misjudgements can lead to the dient's
request for changes in planning, which then leads to
high additional costs, as a nZEB is based on complex
buildingconcepts.



B.303: Commissioning management

nZEBs often have complex building technology, which
requires complex commissioning and eventually moni-
toring duting opetation to achieve the desired quality.
This measutement can reduce the risk of failures in
buildingoperation, as all omponentsare checked indi-
vidually and in interaction. This testing and com prehen-
sive doaumentation can identify weaknesses and modi-

fications compared to planning.

4.4. ACTIONS

PROCESS

B.304: Communication in the construc-
tion process

To set up the complex system of a nZEB, increased
communication between the individual partidpants is
neaessary, as thedifferent systems are dosely linked. In
addition, it is necessary to keep comprehensive doar-
mentation of the interaction of the individual systems
as well as the functionality of theindividual systems.
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green power and carbon offsets



3.1

Tenant design and construction guidelines

Green Design and
Construction Guideline

d.

MAIN DRIVER

Owners

3.2

STAKE-
MAIN DRIVER
HOLDERS
Utliti
raes Investors;
Chambers
3.3
Recycling Design
Producer
Responsibility
Renovation
Operation
STAKE-
MAIN DRIVER
HOLDERS
Owners;
Citizen company;
groups/NGOs Planners;

Energy performance

Informed tenants and users of buildings means in most cases easier
detailed planning effort because things could be simplified in some
ases. For the "second generation" of ocoupants or users of buildings
such guidelines can ease the maintenance and operationwhen theyare
informed about building services and procedutes propetly.

STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-

HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Tenants/ Users; Real estate Energy sav-

fund; Planners; Investors; = € - €€ ings

Utilities

Energy performance guarantee

guarantee

Tenants/ Users;
Real estate fund; Planners;

The direct benefit from a guaranteed energy performance is the re-
duced risk for the dient/investot, butthere are also indirect savings in
terms of reduced costs during the follow-up mainly due to the en-
hanced efforts to succeed with the enetgy performance, thus gaining
effect from doing “everything right” during the design and construe
tion. Of wurse, the extra effort means some extra costs initially but
that is likely to be paid back by good energy related management,
thereby redudng mistakes and erross.

INFLUENCE INFLUENCE ON INFLUENCE CO-

ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Value devel-
opment and

+ € - € - €

service quality

Extended producer responsibility

Politicans

Municipalities;

The produceris encouraged to improve the quality of the produd to
promote durability. Being responsible for the disposal of the produa
stimulates the producer to evaluate the entire life cyde of theasset, in
order to identify solutions that reduce waste management costs and
increase recyding levels. By supporting the material recyding markets,
it helps to reduce the extraction or import of raw materials, avoiding
risks deriving from price fluctuations.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Resource Sav-

_ € _ €€ ings



3.4 Prefabrication of multifunctional building elements

The use of integrated and standard modular systems permits to opti-
mize design and coordinates different competences in an early stage.
On-site installations are reduced to a minimum, the risk of unforeseen
events, delays and over-costing are reduced. Replicating standardized
procedures is useful to better control the exeaution on site and redue
construction defects. Considering the entire life cyde itis preferable to
be able to replace only some components of the building’s enveope

to improve performance.

INFLUENCE INFLUENCE ON INFLUENCE CO-

TAKE-
MAIN DRIVER : OLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Value devel-
Owners; Construction company; opment  and
Planners Planners; (Economic) Chambers € quality assur-
ance
3.5 Air tightness measurements
The planning costis negligible as few requirements are to be induded
in theair tightness spedfication tests. Additional remedial works could
power be necessary if performance is not obtained, but it mainly involved
Test labour cost and smoke test to identify airleakage. Regarding follow-up
costs, an air tightness performance will be able to confirm the designed
energy performance.
STAKE- INFLUENCE INFLUENCE ON INFLUENCE CO-
MAIN DRIVER HOLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Quality assur-
; _ Construction company; Authot- _
(Economic) Cham iew Plaaners Citinn + € _ € ance ajnd con
bers aroups/NGOs struction
value
3.6 Thermography infrared

No inddence on planning costs since the infrared camera testis done
before handover when the building is under commissioning process.
Theinvestment cost of the testrequires the rent of the thermal cam e,
Additional remedial works could be necessary if performance is not
obtained. The cost of these works could be minor or major depending
on the origin of the defect. Regarding the follow-up cost, this test will
verify the compliance of the designed envelope quality.

INFLUENCE INFLUENCE ON INFLUENCE CO-

TAKE-
MAIN DRIVER :OLDERS ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
(Economic) Cham- Owners; Construction company; Quality assur-
Authorities; Planners; Citizen + € - € ance and con-
bers groups/NGOs struction value



3.7

. I,

MAIN DRIVER

Owners

3.8

(outside)

MAIN DRIVER

Planners

3.9

wall 1t

L

STAKE-
HOLDERS

wall

I

(inside)

L Thermal Bridge
r (Slab, Beam....)

STAKE-
HOLDERS

Construction company; Authot-
ties; (Economic) Chambers; Citizen

groups/NGOs

MAIN DRIVER

Owners

STAKE-
HOLDERS

Real estate fund; Construc-
tion company; Planners; - €
(Economic)Chambers

Installation of renewables

Installing renewable energy sources has a positive impact on the car-
bon footprint emission and the self-consumption of cheap energy on-
site. Various types of renewables could be used dependingon site con-
straints: solar, wind, geothermal, combined heat and power (CHP)
from biogas, etc. The size of the renewable installation will depend on
the objective retained in order to offset partial or total building’s en-
ergy consumptionin operation.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

COgz-reduc-

+ € + € - €€ tion

Eliminate heat bridges

Theinvestment cost due to eliminate the heat bridges is moderate. Al-
ternative solutions for thermal blodkers are to be considered to redue
overall thermal losses like: external insulation, external self-bearing bal-
oonies and similar. Regarding the follow-up cost, thermal bridges con-
tribute to a relatively high part of the energy performance, espedally
when given to the ground where heat losses sustain over long times

during the year.

INFLUENCE INFLUENCE ON INFLUENCE CO-

ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Quality assur-

ance and con-

+ € - €

struction

value

Construction checklists

Identify aitical nodes and pitfalls of the construction duringthe design
phase help to monitor them during the realization of the building.
Measures and test aarried out to ensure the effidency of the building
components can assure the quality of the building and prevent future
problems. Alsoimportant is to verify that the project goals are reached
and respected. To correct defects during the construction phase, it is
even much better to prevent them during design phase, or immediately
after spedfic construction work.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Value devel-
- € opment



3.10 Green power and carbon offsets

___o—

Purchasing carbon offsets or chose for green power certified electridty
allows to compensate for the emissions of greenhouse gases and in-
aeases the implementation of green power plants. The more planned
and placed investments in such projects, the more costs on fossil en-
ergy later on an be reduced.

INFLUENCE INFLUENCE ON INFLUENCE CO-

MAIN DRIVER :I:.I;i-ﬂs ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Owners; Citizen CO2-reduc-
Tenants groups/NGOs;  Society; + € - €€ tion
Utilities
3.11 Indoor air quality (IAQ) assessment

Co-Benefits: User Acceptance

/coz\

NO2

voc

STAKE-

MAIN DRIVER HOLDERS

Tenants/Users; Owners;
Citizen Construction  company;
groups/NGOs Authorities; Planners; Mu-
nicipalities

TAQ assessment meansdefine ariteria in an early stageand slightly af-
fects the cost duting the building life cyde, and it is not directly con-
nected to operation adjustmentin order to reduce the energy cost.
Nevertheless, it is strategic to improve the comfort conditions of the
ocaupants, because it could reduce the maintenance and building set-
vices system costs.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Comfort

+ € - €



4.5. PROCESS EVALUATION RESULTS

4.5.1.LIST OF ACTIONS RELATED TO STAKEHOLDERS AND OTHER ACTIONS

In the following table, the various actions are assigned to the main drivers and other stakeholders in order to clarify
the question of responsibility. In addition, the various dependencies of the actions are listed in the right-hand column
of the table to show which actions and stakeholders need to be communicated subsequently.

Table 7: List of actions - construction

3.1

32

3.3

34

3.5

3.6

3.7

3.8

3.9

ACTIONS

Tenant Design and Construc-
tion Guidelines

Energy performance guaran-
tee

Extended producer responsi-
bility

Prefabriction of multifunc-
tional Building Elements

Air Tightness Measurements

Thermography infrared

Installation renewables

Eliminate Heat Bridges

Construction checklists

Green Power and Carbon Off-
sets

Indoor Air Quality Assess-
ment

MAIN
DRIVER

Ow ners

Utilities

Citizen
groups/NGOs

Planners
(Economic)
Chambers
(Economic)

Chambers

Ow ners

Planners

Ow nets

Tenants/Users

Citizen
groups/NGOs

STAKE-
HOLDERS

Tenants/Users; Real
estate fund; Planners;
Investors; Utilities
Tenants/Users; Own-
ers; Real estate fund;
Planners; Investors;
(Economic) Chambers
Ow ners; Construction
company; Authorities;
Planners; Municipali-
ties; Politicians

Ow ners; Construction
company; Planners;
(Economic) Chambers
Construction company;
Authorities; Planners;
Citizen groups/NGOs
Ow ners; Construction
company; Authorities;
Planners; Citizen
groups/NGOs
Authorities; Planners;
Municipalities; (Eco-
nomic) Chambers; Citi-
zen groups/NGOs; So-
ciety; Politicians; Utili-
ties

Construction company;
Authortities; (Eco-
nomic) Chambers; Citi-
zen groups/NGOs
Real estate fund; Con-
struction company;
Planners; Investors;
(Economic) Chambers
Ow ners; Citizen
groups /NGOs; Soci-
ety; Utilities
Tenants/Users; Own-
ers; Construction com-
pany; Authorities; Plan-
ners; Municipalities;
Citizen groups/NGOs

INFLUENCES ON
OTHER ACTIONS

22,23,24,2.12,2.13,
2.18,2.26,34,3.8,3.9, 4.7

1.19,2.17,2.23,3.7, 4.1,
44,47

3.5,39,4.1,4.2,43,4.4,
4.5,4.6,4.7,49

1.17,2.20,2.26,3.9,4.8

2.19,2.26,3.11,4.8

23,24,2.16,2.18,2.21,
223,38

1.11,1.16,1.17,1.19,2.9,

2.17,39,4.2,4.5

2.3,2.4,2.18,2.22,2.26

22,2.3,24,2.14,2.18,3.1,
47,49

1.9,2.7,2.12,2.13,2.24,
2.27

2.10,2.11,2.14



4.5.2.LIST OF ACTIONS RELATED TO COSTS

The cost savings or higher costs depending on the action are shown in the table below. Therefore € means that less
costs are required than in a conventional planning procedure. On the other hand, +€ means that the costs increase.

The number of € also indicates whether the change is big or small compared to the already known costs. The cost
estimation for the differentactions and the different cost-causing project steps were made in the course of the research

project with the help of the project partners.

Table 8: List of actions related to costs - construction
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31  TenantDesign and Construction Guidelines
-€ - €€
32  Energyperformance guarantee
+ € -€ -€
33  Extended producer responsibility
-€ - €€ + €
34  Prefabriction of multifunctional Building Ele-
ments -€ -€
3.5  Air Tightness Measurements
+ €
36  Thermography infrared
+ € -€
37  Installation renewables
+ € + € - €€
3.8  Eliminate Heat Bridges
+ € -€
39  Construction checklists
-€ + €
310 GreenPower and Carbon Offsets
+ € + € - €€

3.11  Indoor Air Quality Assesment

+ € -€



4.5.3.LIST OF ACTIONS - WORK BREAKDOWN STRUCTURE

The following diagram shows an overview of all actions assigned to construction. In addition, they are further divided
into three categories in order to clearly define in which part of the construction the individual actions belong.

ACTIONS P03 Construction

Tender/Construction

Construction phase Commissioning
Contracts
Tenant Design
and Thermography Green Power and
Construction infrared Carbon Offsets
Guidelines
Energy . . .
Installation Indoor Air Quality
performance
renewables Assesment
guarantee
Extended Eliminate Heat
producer

Brid
responsibility nages

Prefabriction of
multifunctional
Building Elements

Construction
checklists

Air Tightness
Measurements

Figure 28: List of actions in construction



4.5.4. LIST OF ACTIONS - RELATIONS BETWEEN THE ACTIONS

The following figure shows the correlations between the different actions and stakeholders. A more detailed descrip-
tion can be found in chapter 2.4.4.

1 Tenant Design and o bilateral corrrelation - 2%
Construction Guidelines wners
partial correlation 14%
2 |Ener erformance guarantee ||Utilities
gYPp su e correlation to other phase 17%
3 Extende.d.p.roducer Citizen groups / 10 correlation 68%
responsibility NGOs
g 4 Prefabriction of multi-functional -~
=} Building Elements anners
O
T -
33 5 |Air Tightness Measurements éhZ:E:;Q
(= E i
©) 6 |Thermography infrared (Economic)
&) Chambers
8 7 |Installation renewables Owners
[l
8 8 |Eliminate Heat Bridges Planners
©)
B . .
[3) 9 |Construction checklists Owners
10 Green Power and Carbon ‘Tenants /
Offsets Users

Citizen groups /

I Ai lity A )
11 |Indoor Air Quality Assesment NGOs

12 |Other Phase

Figure 29: Correlation of actions in construction - ow n representation following the PLENAR planning tool
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5.BUILDING OPERATION PROCESS

5.1. OVERALL PROCESS

At the end of the construction process, once the
building is commissioned, tested, certified and the
user has moved in, it is important to ensure the
proper building operation. Facilities’ operations and
maintenance include a broad spectrum of processes,
tools and services required to assure that the building
will perform the functions for which it was designed
and constructed. An appropriate user behaviour, oc-
cupant involvement, continuous monitoring and an
optimized maintenance raise potential for cost re-
duction and savings.

Operation and maintenance represent the greatest
expense in owning and operating a building over its
life cycle. The Royal Academy of Engineering (Royal
Academy of Engineering,1998) reports that the
typical costs of owning an office building for 30 years
are in the ratio of:

- 0,1 to0 0,5 for design costs;

- 1 for construction costs;

- 5 for maintenance costs;

- 200 for costs of operating the business dur-
ing the lifetime of the building, including
staff costs.

Therefore, to recover the initial construction cost,
since it is the smallest amount, the maintenance and
operating costs should be minimized. An optimized
monitoring system permits to control the energy
consumption, the efficiency of facilities and thermal
parameters of buildings continuously. For example,
if in winter the detected outdoor temperature ex-
ceeds the set-point, it will be possible to decrease
heating powet. So, the optimal temperature and ther-
mal comfort conditions can be reached as well as the

energy consumption reduced.

user moving in l

operation

|
PR

monitoring consumption
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general electricity
user electricity
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ventilation
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customize
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fine tuning of the building service control

go to action
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continousliy
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maintenance of building
components and technical
equipment
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Figure 30: Operation process
5.1.1.0PERATION

During the operation phase, the tenants and owners
of the building are the main actors. An operation and
maintenance plan can be used to ensure that the
building functions in the manner defined in the plan-
ning phase. This includes component life expec-
tancy, a plan for recurring operating and mainte-
nance sessions, deceptive routines, target values and
performance indicators, and a plan for recurring in-
spections of target values. In addition, a complete

and always up-to-date documentation of the

.*.
evaluation measured values
fine tuning of the building service control

building, services and the plant technology is re-
quired during operation in order to be able to control
building services engineering and to exclude damage
due to incorrect operation, care and maintenance.

Another strategy to improve the operation of build-
ings is to influence user behaviour. Improving user
behaviour can lead to energy cost savings of around
15%. Therefore, occupant and operator training can
have a positive impact. Users should be informed
about how they can operate building technology in



an energy-efficient way. In addition, a user profile
can be created in the planning phase in order to de-
sign the building concept accordingly and positively
influence the operation phase.

Problem detection and optimisation is also an option
to secure the efficient operation of a nZEB. The
monitoring of all technical building functionalities
(see below) is important in order to achieve the
nZEB standard in operation. A continuous compat-
ison should be made between the planned and the
actual consumption. If the energy consumption of a
particular system is not as planned (too high) or to
detectleaks, system problems, etc., advanced control

5.1.2.MONITORING

The energy demand of nZEBs is usually calculated
with simple tools in the planning phase of the build-
ing process. Only in a few cases, measurements are
taken during the operation phase of the building,
proving not only the energy performance / effi-
ciency but also comfort conditions. Thus, field mon-
itoring, meant as an observation of building’s real
operation parameters for the evaluation of its system
energy performance through measurements sampled
and recorded at regular intervals, becomes a neces-
sary part of energy-efficiency programs. From this
perspective “monitoring” is not only aimed at con-
trolling building facilities to ensure suitable comfort
conditions (as usually perceived as Building Energy
Management Systems - BEMS), butit favours energy
efficiency by increasing the awareness of building
owners/ facility managers with respect to energy use,
suggesting energy saving measures to be adopted and
evaluating them afterwards (audit, diagnosis and
continuous commissioning).

Although the recognition of the effectiveness of a
monitoring system, measurement campaigns for en-
ergy performance assessments are not yeta common
practice in buildings and they are often limited to re-
search or demonstration projects. Major barriers are
the equipment cost and the effort required in moni-
toring activities, spanning from the system planning
to the elaboration of the collected data (post-

and integrated problem/ fault detection should pro-
vide automatic alerts.

Another concept to ensure efficient building opera-
tion is advanced energy measurement. In addition to
monitoring energy consumption and on-site produc-
tion from renewable sources, energy-consuming
equipment, which accounts for more than 10% of
total energy consumption, must be monitored sepa-
rately. For electricity, it is necessary to monitor both
consumption and demand. Data must be accessible
remotely. All meters in the system should be able to
report houtly, daily, monthly and annual energy con-
sumption.

processing). However, with regards to the financial
aspect, monitoring has demonstrated to be a highly
cost-effective means of obtaining significant energy
savings around 10 to 20%. The larger and more
complex the building is, the more profitable the
monitoring is likely to be. Standardized monitoring
procedures, in particular for new buildings or com-
prehensive retrofit, are easily available. There are in-
ternational standards like ISO 50006 and ISO 50015
together with the ,,International Performance Meas-
urement and Verification Protocol IPMVP)” of the
Efficiency Valuation Organization (EVO) which all
help in assessing procedures on monitoring,
Following steps are particularly relevant for the
assessment of nZEB:
e Collection of building data
e Definition of monitoring boundaries
e Seclection of metrics and relevant data required
e Seclection of data frequency and duration of
measurements
e Identification of suitable sensors and data
acquisition system
e Tinal planning of the monitoring equipment
and installation
e Definition and implementation of data post-
processing (e.g. performance indicators)

e  Definition of a standard reporting



5.1.3.MAINTENANCE

All facilities of the building require maintenance dur-
ing its service life. It is possible to perform both
planned preventive or predictive maintenance and
corrective (repair) maintenance. Preventive M ainte-
nance (PM) consists of a series of time-and I'T-based
maintenance requirements that provide a basis for
planning, scheduling, and executing scheduled
maintenance. PM includes lubricating, cleaning, ad-
Predictive

Maintenance attempts to detect the onset of a degra-

justing and replacing components.
dation mechanism with the goal of correctingit prior
to a significant deterioration in the component or
equipment. Corrective maintenance is a repair nec-
essary to return the equipment to properly function-
ing condition or service and may be either planned
or un-expected. Some equipment, at the end of its
service life, may need an overhaul: a restoration to a
completely serviceable condition as prescribed by
maintenance serviceability standards.

The purposes of a complete maintenance program
include:
- reduce unscheduled shutdowns and repairs;
- reduce capital repairs;
- extend equipment life;
- minimize life-cycle costs;
- provide safe, functional and reliable systems
and facilities.

One example is heating or hydraulic balancing: it is
very important especially when centralized heating
systems with significant line lengths and numerous
pressures reducing branches, bends and fittings are
used in a nZEB. The flow and heat transfer, with in-
creasing distance from the boiler system and pump,
are increasingly low accompanied by some comfort
problems, so a hydraulic compensation has to be
done. Thanks to this maintenance measure it is pos-
sible to achieve 5-10 % energy savings, increase com-
fortand intercept other problems as heating system’s
noise.

5.2. RENOVATING A BUILDING: DEFINITIONS AND LEVELS

The renovation represents an important step of
the building life cycle that allows ensuring the
proper operation of a building increasing the life
cycle perspective. The word “renovation” can be
adopted for describing different levels of interven-
tion. Renovation can deal with interventions for
replacing or upgrading a single element or multiple
parts of the building as well as the installation of
RES.

Thanks to the EPBD (Energy Performance of
Buildings Directive EPBD defined in 2002, recast
in 2010 and updated in 2018), the renovation of a
building has to be linked with an improvement of
the energy performance, and according to the level
of the renovation each Member State established -
different performance requirements for either the
single element or the overall building.

By using a classification by BPIE, when the appli-
cation of a single measure (e.g. installation of a new
boilet ot roof insulation) can be defined as minor
or simple renovation, and it is usually expected
energy saving up to 30%.

BPIE also introduced another level, i.e. moderated
renovation, implementing from 3 to five building
elements, allowing for a saving ranging from 30 to
60%.

Concerning higher levels of interventions, the En-
ergy Efficiency Directive 2012/27 /EU introduced
the concept of deep renovation as a “refurbishment
that reduces both the delivered and the final energy consump-
tion of a building by a significant percentage compared nith
the pre-renovation levels, leading to a very high energy per-
Jormance”. Implementing a deep energy renovation
means to adopt an integrative approach at the
whole building level, allowing for a more cost-ef-
fective process and for higher energy savings in
comparison to the adoption of separate energy ret-
rofit measures.

Although the EU Directives do not provide a
quantitative definition of a deep renovation, it is
possible to link the concept to the major renova-
tion, introduced by the EPBD 2010/31/EU as a
set of interventions fulfilling one of the following
conditions:


https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012L0027&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012L0027&from=EN

e cither more than 25% of the surface of the
building envelope undergoes renovation
e orthe total cost of the renovation of the build-
ing envelope, or the technical building systems
are higher than 25% of the overall value of the
building.
The Energy Efficiency Directive EED does not
provide a quantitative energy saving target for a
deep renovation but stated that it represents a so-
lution able to reduce both the delivered and final
energy consumption of a building by a significant
percentage compared with the pre-renovation lev-
els. On the other hand, the European Commission
promotes several funding programs (e.g. Horizon
2020, Life, etc.) aimed to find effective solutions
for deep renovation, and set, as a reference value,
a minimum primary energy saving objective at
least of 60% comparing to pre-renovation.

The most ambitious level is the renovation to-
wards nZEB, aimed at implementing the set of
measures to an existing building leading to that tar-
get, usually reducing up to 90% of the building en-
ergy consumption.

BPIE associated average renovation cost for the
building surface according to the level of interven-

tion, as reported in the table below.

Table 9: Average cost for different renovation level

COSTOFTHE
LEVEL RENOVATION [€/M?]
Minor 60
Moderate 140
Deep 330
nZEB 580

5.2.1.1. BUILDING RENOVATION PROCESS: SPECIFICITIES

The renovation of a building follows a path similar
to a new construction: it is linked to a new life cy-
cle of the building and presents the same macro
phases design, construction and operation.
Nevertheless, the initialisation is different, since
the renovation process usually starts from one of
the following issues:
e Tailure in the equipment or building elements,
¢ Reached end of life of one or more elements
e Upgrading performances (e.g. energy, safety,
etc.)
e Different needs of the users (e.g. new building
use)
Moreover, each design and construction process is
affected by several uncertainties, that can be easly
identified and solved for a new construction, while

they are more difficult to be identified during a

renovation, and starting the activities is needed for

having a clear overview of the possible issues. The

uncertainties canlead to higher costand longer im-

plementation time, affecting the estimated LCC of

the intervention.

The uncertainties and difficulties could be linked

with:

e Lack of original plans and drawings (or incor-
rect copies)

e Thedifficulty of identifying the features of the
element (layers and materials)

e Conservation needs

e Compatibility of the renovation with existing
structure and materials



5.2.1.2. RENOVATION VS NEW CONSTRUCTION

When renovating the building or proceeding with
a new construction could be challenging for a
building owner since the decision strongly affects
the building life-cycle cost. The decision whether
to renovate or to tebuild needs to consider both
the profitability of energy savings and if proceed-
ing with a new building would lead to minor un-
certainties.

There are several tools and approaches for sup-
porting this decision making in this field, and
usually, the main factors are related to the invest-
ment cost, the future market value of the existing
building, the energy and environmental impact of
the applied measures (Morelli, 2014)

The analysis of the cost and benefits for support-
ing the decision deals to four main categories: (1)
planning, (2) facilities management, (3) project re-
quirements, (4) site considerations.

In particular, it is possible to identify some key as-
pects to be considered in the process:

Planning

1. Defining the expectations and targets of the
stakeholders involved is a key activity for the deci-
sion making

2. The use of the building before and after the ren-
ovation is an important issue to be analysed since
a deep reshaping of the building could be needed
in case of changing the use

Facilities management

Designing a new building would allow installing
new facilities and technologies without constraints
due to the existing structure, and the materials, as
well as HVAC and electric systems, can be selected
only according to cost-effective life cycle criteria,
reducing the maintenance costs.

Project requirements

1. The requirements promoted by the building
codes are always evolving and could mean to fulfi
ambitious targets with the overall building, having
a high impact on the cost. In this regard, a detailed
analysis of the costs of additional works is strategic
for the decision.

2. The structural safety of the building is a crucial
issue for driving the decision. In particular, an
analysis of the consistency of the existing structure
and the investigation of past interventions is
needed.

3. The materials used in existing buildings (e.g. as-
bestos, pollutants, etc.) could not meet the current
requirements for a building. Thus an additional re-
pair has to be implemented increasing the timing
and the cost of the renovation.

Site considerations

Renovating a retail store in an area where there is
no economic growth is a good example of why the
location is crucial. Is the building in a location
where renovations will actually generate a return
on the investment?
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Figure 31: Operation process — pitfalls



B.401: User instruction

To ensure that the buildingis operated acording to
plan, a building manual mustbe handed over to the
user/ operator. Without these instructions, errors may
ocwur due to incorrect operation. These errors can re-
duce theservice life of individual components and lead
to higher consumption than determined in the planning
process.

B.403: Energy Network Management

The managementofheating/woling networksis an in-
tegral part of a small-scale utility. To ensure these supply
structures, basicconditions for effident supply must be
defined in the planning phase. To save costs and enegy
for this network, a holisticnetwork managementhas to
be implemented.

B.405: Monitoring

Dueto alack of monitoringof the media flows, it is not
possible to check the energy and media consumption.
However, this monitoring is necessaty to ensure effi-
dent operation and fault management of the building,
This monitoring can be used to determine parametets
for future projects in order to validate the functionality
of new technical concepts.

B.402: Wrong assessment of the po-
tential on renewable energy

Theuncertainty quantification of solar energy yield cal-
anlations is important for managing the finandal risks
ofan investmentin a photovoltaicor solar thermal sys-
tem. Quantifying the energy yield is subject to several
uncertainties introduced by the different elementsin the

renewable energy conversion chain.

B.404: Operator Competence

Operator training is necessary to ensure energy-effident
building operation. The building operator must be able
to manage innovative and highly complex technical
building systems. Furthermore, he must be able to de-
tect malfunctions by measuring the parameters evalu-
ated during operation. Only through these actions it is
possible to avoid failure to achieve the energy targets
due to improper building operation.

B.406: Shared incentives

Theadded value of planninganZEB is usually only ap-
parent in the use phase. Investors who only construa
buildings and then sell them with the highest possible
profits can only generate this added value but have no
positive effect on the quality of the building themselves.
For this reason, incentive models should be created that
make it interesting for investors to plan and build
nZEBs.
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Operations and maintenance plan

The operation deals with the daily functioning of the buildings,
including the costs for the energy supply. The maintenance costs
are directly connected with the operation ones, since they are
strategic to improve or (at least) keep an acceptable level of en-
ergy-efficiency of the building. Developing an operations and
maintenance (O&M) plan is a key activity to proper allocate the
maintenance budget during the life cycle, and to control the ef-
fective management of the building.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Energy savings,
value develop-
= € ment and qual-

ity assurance

Documentation and recommendations report

The operation and maintenance manuals (OM M) are the refer-
ence documentations which gather all the technical data, test, set
point parameters etc. No incidence on planning costs as the task
will be done at the end of the construction works. The invest-
ment cost regarding OMM is moderate (collection of datasheets,
tests results, drawings etc.). Regarding the follow-up cost, those
OMM will guide the user to stick to the initial setup value in

order to avoid consumption gap.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Value devel-

opment and

+ € - €

quality assur-
ance

Occupant and operator training

Concerning the operator / on-site facility manager, an effective
training is strategic for ensuring the proper functioning and
maintenance of the building’s HVAC system, especially for
nZEB where new and not proven technologies are installed. In
this regards, there are also specific trainings and certification
programmes that can enable the operators in effective facility
management and the occupants in “effective” use of the build-

ing services system.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Energy sav-

+ € - €

1ngs, user sat.
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Optimize energy performance/ detection of problems

This activity can be connected to the issue of Fault Detection and Diagnosis
(FDD), representing the strategy supporting the facility manager in discover-
ing and identifying the root causes of faults in building systems, equipment,
and controls (Frank et al, 2018). The faultdetection can be done manually, by
periodical checking of the facility manager exploiting the monitored data, or
with an automated system. This second option requites an advanced algorithm
for the elaboration of the monitored data to detect and diagnose unwanted
operating conditions (i.e. faults) in the equipment, and sensors, and controllets
of the significant HVAC system devices.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Energy and
resource sav-
+ € € ings

Advanced energy metering

Different literature evidences the benefits of long-term monitoring, since it
allows for controlling the proper operation and the efficiencyof the building
and the systems installed, ensuring the quality of the performances. For new
construction, it generally occurs towards the end of the construction
timeframe, before the building is turned over to the owner. In every case, it
should be one final quality assurance step to verify that building systems are
optimized and operating efficiently. According to the availability of budget, it
is possible to perform monitoring, with different level of detail and at whole
buildinglevel as well as focused on specific subsystems.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Energy sav-
+ € + € - € ings and CO»-
reduction

User information on energy expenditure

Providing feedback is an engagement technique widely used to
reduce the energy consumption of a building by increasing the
awareness of the users. There are two main categories: i) direct
teedback, providing real-time information to the consumers typ-
ically from display or a software application, ii) indirect feed-
back, where data are elaborated by the utility company such as
additional costs before the communication to the users.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Energy and
+ €

- € resource sav-

ings
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System test procedures

It defines the whole building operation organization through full
functional analysis and measures the building key parameter as
energy consumption, water consumption, indoor air quality etc.
The investment cost regarding test commissioning is moderate.
Additional remedial works could be necessary if performance is
not obtained. These procedures ensure that the system will per-
form as designed. Regarding the follow-up cost, this testing will
verify the compliance of the designed nZEB systems.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS
Energy sav-
ings and qual-

+ € + € - €€

ity assurance

Building automation

Building automation represents a centralised and digital control
system of the building’s HVAC components through a Building
Energy Management System (BEMS). Building automation is an
effective approach for nZEBs, since it allows for managing the
energy demand and for controlling effectively the heating, ven-
tilation and air conditioning systems in a building including fore-
cast and flexibility options.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

CO2-reduc-

tion and en-

+ € + € - €€

ergy flexibility
options

Hydraulic balancing

A typical measure to increase the efficiency of the heat distribu-
tion system of a building is the hydraulic balancing, not taking
much effortand cost from an heating system-installation expert,
but in some cases having a great effect on the user’s comfort

and heat consumption of the whole building.

INFLUENCE INFLUENCE ON INFLUENCE CO-
ON PLANNING INVESTMENT ON FOLLOW- BENEFITS
COSTS COSTS UP COSTS

Comfort and

- €

energy savings



5.5. PROCESS EVALUATION RESULTS

5.5.1.LIST OF ACTIONS RELATED TO STAKEHOLDERS AND OTHER AC-
TIONS

In the following table, the various actions were assigned to the main drivers and other stakeholders in order
to clarify the question of responsibility. In addition, the various dependencies of the actions are listed in the
right-hand column of the table to show which actions and stakeholders need to be communicated subse-
quently.

Table 10: List of actions - operation

MAIN STAKE- INFLUENCES ON

ACTIONS DRIVER HOLDERS OTHER ACTIONS

4.1 Operations and Maintenance Ow ners Construction com- 3.1,33,3.9,42,44,4.7,
Plan pany; Authotities; 48

Planners; Municipali-
ties; (Economic)
Chambers; Ultilities

4.2 Documentation and Recom- Ow ners Construction com- 3.10,4.1,4.5,4.6, 4.9

mendations report pany; Authorities;
Planners; (Eco-

nomic) Chambers;
Utilities

4.3 Occupant and operator Ow ners Tenants/Users; Con- 3.1,3.3,39,4.1,4.2,44,
Training struction company; 45,46
Authotities; Plan-
ners; Municipalities;
(Economic) Cham-
bers; Utilities

44 Problem Detection and Opti- Ow ners Tenants/Users; Con- 42,43, 47,48
misation struction company;
Authorities; Plan-
ners; (Economic)
Chambers; Utilities

4.5 Advanced Energy Metering Utilities Tenants/Users; Au- 29,3.2,4.7
thotities; Planners;
Municipalities; (Eco-
nomic) Chambers
4.6 User Information on Energy Citizen Tenants/Users; Au- 4.2,43,4.7,4.8
Expenditure groups/NGOs thortities; Municipali-
ties; (Economic)
Chambers; Ultilities
4.7 System Test Procedures Ow ners Tenants/Users; Au- 3.3,3.9,4.2,4.6,4.8
thotities; Planners;
Municipalities; (Eco-
nomic) Chambers;
Utilities
4.8 Building Automation Planners Ow ners; Authorities; 4.1,4.2,44,4.6
Municipalities; (Eco-
nomic) Chambers;

Utilities
49 Hydraulic Balancing (Economic) Tenants/Users; 2,24
Chambers Ow ners; Citizen

groups/NGOs; Util-
ities



5.5.2.LIST OF ACTIONS RELATED TO COSTS

The cost savings or higher costs depending on the action are shown in the table below. Therefore € means
that less costs are required than in a conventional planning procedure. On the other hand, +€ means that the
costs increase. The number of € also indicates whether the change is big or small compared to the already
known costs. The cost estimation for the different actions and the different cost-causing project steps were
made in the course of the research project with the help of the project partners.

Table 11: List of actions in relation to costs - operation
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41  Operations and Maintenance Plan €

4.2 Documentation and Recommendations report + € -€

43 Occupantand operator Training + € -€

44 Problem Detection and Optimisation + € €

45  Advanced Energy Metering + € + € €

46 User Information on Energy Expenditure + € _€

4.7 System Test Procedures €
48 ildi :

Building Automation + € + € - €€

49  Hydraulic Balancing €



5.5.3.LIST OF ACTIONS - WORK BREAKDOWN STRUCTURE

The following diagram shows an overview of all actions assigned to operation. In addition, they are further
divided into three categories in order to clearly define in which part of the planning the individual actions

belong.

ACTIONS P04 Operation

Operation Monitoring Maintenance

User Information

Qperations and Building
on Energy
Maintenance Plan 3 Automation
Expenditure
Documentation
and System Test Hydraulic
Recommendation Procedures Balancing

s report

Qccupant and
operator Training

Problem
Dedection and
Optimisation

Advanced Energy
Metering

Figure 34: List of actions in building operation
5.5.4. LIST OF ACTIONS - RELATIONS BETWEEN THE ACTIONS
The following figure shows the correlations between the different actions and stakeholders. A more detailed

description can be found in chapter 2.4.4

bilateral corrrelation - 18%
1 (Operations and Maintenance Plan Owners
partial correlation 29%
2 Documentation and o
. wners .
Recommendations report correlation to other phase 13%
3 (Occupant and operator Training Owners no correlation 40%
=
=]
g 4 |Problem Dedection and Optimisation] | Cwnees
-
o
(=5
(@) 5 |Advanced Energy Utilities
-+
=
A~ 6 User Information on Energy Citizen group /
g Expenditure NGO:
=]
g 7 System Test Procedures Owners
8 (Building Automation Flanners
(Economic)
Hydraulic Balanci ‘ ‘
9 ydraulic Balancing bers
1 O (Other Phase

Figure 35: Correlation of actions in building operation
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6.END OF LIFE

6.1. OVERALL PROCESS

PROCESS

go to previous

go to action items for
phase

owners /user

go to action items for
municipality

go to action items for
integrated planners

bottlenecks

go to action items for
construction
companies

end of life

dismantling

"as buildt"
building documentation

\ J

Constructed
pollutants / hazard
Substances

demolition

recycling / landfilling / thermal utilization
v Y

termal utilisaztion

Figure 36: End oflife process

The volume of waste from the construction sector
with - 871 million tons (EU, 2018) is the largest man-
made waste stream in the EU (ECORYS,2016). The
DGNB, LEED and BREEAM certification systems
have been assessing the recyclability of buildings for
several years to reduce the environmental impact of

identification of components
i that can be dismantled

Y

v

irreversible Removable
components component
]
demolishing ‘
Y
Separation of
materials
L Y Y Y
e feed components to
landfilling a high recycling rate
buildings (DGNB; 2018), (USGBC; 2018),

(BREEAM 2016). With the “Levels assessment sys-
tem”, the EU has launched an assessment system
that promotes the idea of a circular economy. A two-
year test phase for this system began in 2018. In



addition to five other key areas, the system evaluates
the building's resource efficiency (Level(s), 2018).
According to an EU publication, most materials con-
tained in construction and demolition waste are easy
to recycle. This allows the waste stream from the
construction sector to be identified as an important
source for the production of secondary raw materi-
als. The EU Waste Framework Directive
(2008/98/EC) sets a recycling target of 70% for
2020 (EU, 2018).

88 % of construction and demolition waste in the
EU was recycled on average in 2014. In this evalua-
tion, recyclingis assessed in terms of reuse, recycling,
material recovery and backfilling.

The recycling data differ considerably in European
countries. Here, for example, 11 member states have

a recycling rate of over 95 %, but two member states
have a recycling rate of less than 40 % (EU, 2018).

To further increase the recycling rate, the “EU Con-
struction & Demolition Waste Management Proto-
col” describes a waste management process. This
process is intended to reduce the amount of waste.
According to this, first, a waste identification is cat-
ried out on the basis of a detailed inventory of the
building to be demolished. The waste is then sepa-
rated into its various components, hazardous waste
and recyclable materials. Furthermore, for an effi-
cient recycling, a transparent management system is
needed, which allows to register the different types
of waste and their quantities and to setup an efficient
logistics system. This logistics system should pay
special attention to short transport distances. The

further processing of construction waste must then

take place in highly efficient sorting and processing
plants in order to guarantee a consistent quality of
recycled material ( ECORYS, 2016).

In addition to this European Union protocol, many
research projects address the management of waste
in the construction sector.

The IBO institute in Austria has developed the EI
Waste Disposal Indicator, a planning tool that as-
sesses the amount of waste generated in the planning
process according to the type of waste. The potential
recycling path of constructions is evaluated (IBO,
2018). The research project “Urban Mining” of the
TU Berlin is developing a guideline for the evalua-
tion of the recyclability of constructions for the city
of Berlin (Vogdt; 2018). Within the framework of the
research project "M AVO BauCycle", the Fraunhofer
Institute develops recycling processes for heteroge-
neous building rubble in order to subsequently pro-
cess it into homogeneous building products in new
production facilities. New sorting technologies
based on optical computing are being developed to
produce new recyclates and secondary raw materials
from construction waste. New innovative logistics
platforms must be developed in order to implement
this goal of raw material cycles (Fraunhofer Institut,
2016).

Besides the developments towards an improved un-
derstanding of raw material recycling, the office
"SuperUse Studios" starts from the point of view
that reuse is the optimized recycling. With harvest
map, they have created a portal that offers materials
that can be expanded for reuse from an existing
building (SuperUse, 2015)



7.CONCLUSION

The focus of the described “CRAVEzero process”, is to promote a common, interdisciplinary understanding
of the complexity of nZEB planning processes for allinvolved stakeholders. Awell organised and transparent
process is a key issue of achieving the goal of cost-optimal and sustainable nZEBs throughout the entire life
cycle phase.

In the previous chapters this process was described. The overall life cycle process of briefing, designing,
constructing and operating nZEBs was illustrated in different life cycle phases. Actions, stakeholder -rela-
tions, pitfalls and bottlenecks, as well as the required goals, were pointed out in detail. Key actions needed
to ensure the achievement of energy and cost related goals for a replicable planning, design, construction,
and operation process were presented.

Based on the results from this guideline and to further provide an operative methodology to achieve the
best conditions towards cost optimal nZEBs all achieved results of the report have been summarized and
structured in a “lean management protocol” the so-called “life cycle tracker tool”.

As a main result this report comes along with the downloadable “life cycle tracker tool”, an easy-to-use Ex-
cel file with VBA macros that combines project roles, actions, and design responsibility matrix. It is based
on the experience of the whole consortium in the area of holistic project management with a focus on inte-
gral building planning of nZEBs. It gives support on how key performance parameters to achieve successful
nZEBs should be prioritized and can be tracked along the whole life-cycle-process.

It can be downloaded here: http://www.cravezero.cu/lifecvcletracker

It helps stakeholders in different phases of the life cyde to structure the whole planning, construction and

operation process in a framework ensuring a high process quality of new nZEBs.

7.1. LEAN MANAGEMENT PROTOCOL

The following sub-chapter presents a short manual
on how to use the CRAVEzero-life-cycle-tracker ac-

companying the report.

The “CRAVEzero-life-cycle-tracker” accompanying
this report is a shared interdisciplinary tool for all in-
volved stakeholders realizing nZEBs, providing a
shared framework for the organization and manage-
ment of building projects.

It can be used for both as process map and a man-
agement tool, providing important actions that need
to be taken to reach the goal and best practice guid-
ance from the CRAVEzero consortium. It reflects
the actions in nZEB project management and pro-
vides strategic leadership. It incorporates nZEB de-
sign principles, promotes integrated working be-
tween project team members, and provides the

flexibility to match project specific challenges.
“CRAVEzero-life-cycle-tracker” is an easy to cus-
tomize electronic document that can be adapted to
the specific needs of any practice, team or project. It
organises the process of briefing, designing, con-
structing, maintaining, operating and using building
projects into a number of key stages. It details the
tasks and outputs required at each stage, which may
vary or overlap to suit specific project requirements.
It is a downloadable spreadsheet, in Microsoft excel
format, containing customisable tables allowing easy
creation of the project roles, design responsibility
matrix and multidisciplinary schedules of services. It
is part of the mindset of stakeholders involved in the
construction industry and is woven into their pro-
here:

cesses. It can be downloaded

http:/ /www.cravezero.eu/lifecvcletracker
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Figure 37: Visualisation of the CRAVEzero-life-cycle-tracker tool
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In the following the way to use the “CRAVEzero-life-cycle-tracker” for the own nZEB planning process is

described. We advise read this subchapter only in combination with the tool, since it presents a short manual

of the tool — otherwise feel free to skip this subchapter.

1) DEFINE ACTIONS:

The “CRAVEzero-life-cycle-tracker” tool consists
of four phases from urban planning till operation
and renovation and more than 50 key actions along
the whole process. All actions important for a spe-
cific project to reach the nZEB standard were deter-
mined and systematically chosen with the involved
stakeholders. Actions are selectable (able to be
‘switched’ on or off).

The fixed process phases ensure consistency for the
overall CRAVEzero methodology.

The ability to switch certain actions on or off and to

vary the content of others provides a modular

structure used to produce a focused and bespoke
practice or project-specific version.

PHASES:

- Urban Planning
- Planning
- Operation

- Renovation
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Figure 38: Screenshots of the “CRAVEzero-life-cycle-tracker” toolin order to select and define project specific actions

2) SET GOALS

All actions as can be seen in Figure 39 are rated with regard to their degree of influence on costs in different
phases. Furthermore, correlations between the actions can be defined. Example: Correlation between action
1 and action 2 shows us the relationship between building mass (action 1) and energy-consumption (action
2). Depending on the state of knowledge of the stakeholders, their rating can be compared with reference
values (expert features) or predefined reference values that have been developed in the project can be used.
Significant deviations from this reference values, but also between the actors, enable a structured discussion,
and reveal information gaps of the participants. As a first stage, the instrument ensures a common under-
standing of planning within a short period of time, which qualifies the further planning process. The frame-
work can be individually adapted and used by planning teams. In the further course of the project, these
findings serve as the basis for formulating project goals, which support the development of a requirement
specification as a requirements profile.

Phase starts:
Phase ends:  31,12,10
8
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I - ] S y ’
. . - Stake- Specification (Quantitative / s0o H su Actions (Indicate -
Actions Main driver = L=ty [ 5O G« 50 a Deadline | | Status
holders Qualitative Targets) 2 £ 3o ga 85 Number of the related
£ 2 2 !
] 2 5 sE HES action)
& R E s § s 8
£ E =] =1 =3
=] = sa =5 Su
4.1 |Operations and Maintenance Plan E:;;‘;:z"“‘" Low: Moplan -€ -€ 3133.39.42.44.47.48
s f’;::nl::nenlalmn and Recommendations \;zzusz:::f;ljmng+l:ﬂmpnnsrvl L€ _€ AL45.46.49
4.3 |Occupant and operator Training Low: User + operator quide is available + € - € | 313333414244.4548
4.4 |Problem Dedection and Optimisation Low: Simple energy measurements and sontel + € 4.2,4.3,4.7.4.8
Advanced Ener Low: Mostimpertant eneray conzurming pans of
45 |2V % the building (Heating, elecuicity and domestic + € + € -€ 29,32,4.7
Metering
hot w ater] and yearly checked
4.6 |User Information on Energy Expenditure Low: Mo informatian about energy expendinure + € -€ 4.2,4.3,4.7.4.8
Low: Mo spacifications for system tast
4.7 |System Test Procedures P s + € + € - €€ 33,35,42.45.48
. . Low: Mot bus cornected contiol system with
4.3 |Building Automation o e + € - €€ 414.2,4.4.45
Low: Hydraulic belancingis not corsidered
48 e e e et e + + € + € - €€ 224

Figure 39: Action list generated within the “CRAVE zero-life-cycle-tracker”  tool



3) ASSESS IMPORTANCE AND RISKS

Tasks, goals, requirements and wishes and their backgrounds are analysed also in terms of their interdepend-

encies, can be prioritised in a project-specific way, for example, according to energy and cost efficiency (see
also Figure 14).

ACTIONS P01 Urban ACTIONS P02 Planning
Regional Planning \rban Design Preparation and Brief Concept Design Plar:sizjon Technical Design

Mssessment of

the energy Drefanition of Definition of . Thermal
. N Improve Craylight
efficiency and Integrative Allowed Thermal Factar Actreated
remewabls energy Design Team caomfort ranges Building Elements
patentialks
Preparation of - _—
Funding Schemes budget for QP";‘"’I"”"d'“ﬂ Energy
for MZEB renewables and C e u—::e performance BIM systems
Buildings estimate return {Compactnmz Caleulation
. and Insulation)
on investrment,
. . Connectian
og:ﬂ:;:"::;’ reguest far PV / I prove Window Hatural Accessian of
Zani drilling pesmit for to Wall Ratic ‘entilation Thermal kdass
aning ~
genthenmal
Regional
efficiency Optimize Solar . — £
e <= in Urban RllulT_nts IDPI:II:!!I Sfﬁm.g En:';;y l;l:l:l:l.':r:.r
i— £ nalysis nzulation rategies y=tems
supparting NZEB
Set long term
regional targets Wark with Urban CGELIEITE Efficient Space et
. e towards efficient § Energy - Solar Heat Pumps
for spatial Microclimate ’ Design
c use of land Thermal Systems
phanning
Consideration of Azsesment of the
Thermal / Paotential for i _— Renewakbe Iy For
Electrical Decentralized n_ﬂ :tl bj';'t Energy - sz =
Microgrids an renewable power aptaniity Photovoltaics uncing
District Level generation
Consideration of Opl_'rlzz Solar Muchani Efficient use of
Seasanal Storage Gains / Solar T = i
i Distract Level Contra ntilation materials
Crfnition of P,
Basic envelope Domestic Hat En:_rg[;l F em:mr}-
attributes and \Water " erman
Energy Targets FEponas

Pluglpads and
internal gains

Figure 40: Automatically generated wotk-break-dow n-structure (WBS) of one result-sheet in the “CRAVEzero-life-cycle-tracker” tool — different
colours addressing different prioritised actions to be taken in a specific predefined process

4) PROCESS SUPPORT

The “CRAVEzero-life-cycle-tracker” is also suitable for project-accompanying documentation of the results
at planning meetings, in which the work steps or tasks are iteratively reflected and updated for the next plan-
ning phases.

Professional qualifications and understanding of roles, tasks and functions for the planning process is a
necessity.
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5) EVALUATION

All correlations of actions and stakeholder can be assessed with regard to their respective relevance or
the degree of their influence on costs, difficulty and importance of co-benefits.

ACTIONS P01 Urban

Owners

onstruction company
Authorities

Planners
Municipalities
Economic) Chambers
Society
Stakeholder A
Stakeholder B
Stakeholder C
Stakeholder D

Stakeholder 1

.:.
&n

not assigned

02.09.17

- Definition Political and legal frame work for NZEBs

Funding Schemes for NZEB Buildings

- and of strategies for raising #08,04.1¢

Consideration of Thermal / Electrical Microgrids on District Level Definition of Allowed Thermal comfort ranges

Consideration of Seasonal Storage on District Level #06.07.18 Optimize Building Envelope (Compactness and Insu

Definition of Basic envelope attributes and Energy Targets Improve Window to Wall Ratio
Regional efficiency impravement targets supporting NZEB ¢08.08.18
Set long term regional targets for spatial planning #03.02.18

Assessment of the energy efficiency and renewable energy potentials #01.06.1¢

Definition of Integrative Design Team 4#11.11.18 Optimize Insulation #01.08.19

Preparation of budget for renewables and estimate return on invests Efficient Space Design

onnection request for PV / drilling permit for geothermal Flexibility & Adaptability

- Urban Masterplanning Allowing highly compact buildings #08.04.18 equirements Analysis ¢01.08.18 Optimize Solar Gains / Solar Control

Optimize Building Orientation and Zoning #01.10.18 pply Strategy towards efficient use of land Improve Daylight Factor

Optimize Solar Access in Urban Layout #31.01.18 ssesment of the Potential for Decentralized renewable power genes Energy performance Calculation

Figure 41: Correlation of actions as one result-sheet in the “CRAVEzero-life-cycle-tracker” tool — different colours addressing different prioritised
actions to be taken in a specific predefined process



DETAILED DESCRIPTION OF NZEB

ANNEXI
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action: Definition Political and legal framework for nZEBs
LIFE cYCLE PHASE: URBAN

€ DESCRIPTION OF THE ACTION

Development oflaws and regulation designed to achieve

nZEB policy goals:

o TheEuropean Uniondefines the legal fram ework of
Neatly Zero Energy Buildings (nZEB) in the Enerpy
Performance of Buildings Ditective (EPBD) which
is regularly revised and updated. Sameis true for the
EnergyEffidency Directive (EED) and the Renew-
able Energy Directive (2009/28/EC) which indi-
rectly supports the development of nZEB in Eu-
rope.

o Dueto the prindple of subsidiarity the EU member
countries lay down their national building codes fol-
lowing the EPBD.

o Insomeountrieslike Austria the regional state gov-
ernments themselves detail and modify these
EU/national legal guidelines for nZEB in ther own
way.

© EXAMPLES (CASE STUDY A):

Influence on lnvestment Costs: 1]
Influence on Follow-up Costs: [C1[]

Definition Political and
fegal frame work for NZEBs

S/

e CO-BENEFITS
Energy Savings

O CONFLICT OF AIMWITH OTHER AC-
TIONS

In zones where district heating is publidy promoted, strict
limit values of the building energy demand could thwart
the economic operation of those

© INFLUENCES ON OTHERACTIONS
1.9,1.16,2.1,2.9

REFERENCES USED

EU-directives and standards (see above), results from
IEAEBC Annex 52/SHC Task40, OIB Richtlinie 6 -
"Enetgiecinsparung und Wirmeschutz" (2015) and
https:/ /www.geq.at/ - Zehentmayer Software GmbH,
acessed at 15th April 2018

GO IMPORTANCE

Buildings defined and calaulated following the limit val-
ues of the EPBD and national nZEB regulation can be
benchmarked against each other. Minimum limits of en-
ergy demand or CO2-reduction goals an be formulated
based on the legal framework and cannot be argued any
more. The international agreed procedure is imple
mented.

@ DIFFICULTY

o Lossofinnovations by settinga technical framewotk

o Choosingthe wrong benchmarks might lead to long-
term failure

o Theshort-term sodal-economiccosts could be high

@© STANDARDS AND REGULATIONS

o Energy Performance of Buildings Directive
2010/31/EC (EPBD)

o ENstandards like ISO 52016-1 (2017),1SO 52003-1
(2017)

o National as: Austrian OIB R16

e MAIN DRIVER
Stakeholder B

@ INVOLVED STAKEHOLDERS
Stakeholder B

m METHODOLOGY/ TECHNOLOGY/BUSI-

NESS MODEL

o Political dedsion process EU/national/ regional

o Energy Performance Certificate (EPC) alaulation
(tools like GEQ in Austria)

o Incaeased investments detive from alegal framework

stimulatingsodo-economicdevelopment

(® SPECIFICATIONS (QUALITY/QUAN-

TITY GOAL)

o Qualitative goal: CO2-neutral European building
stock

o Quantitative: Limit values for nZEB regarding the
final energy demand as well as CO2-reduction

High: Best nZEB limit valuesof onessingle EU partner
country

Medium: Medium nZEB limit values of one single EU
partner country

Low: Worst nZEB limit values of one single EU partner
ountty

acTtioN: Funding Schemes for nZEB Buildings



LIFE cYCLE PHASE: URBAN

@ DESCRIPTION OF THE ACTION
Somenew technologies and concepts helping nZEBup-
take need support in the sense of market development
and penetration. Therefor different EU countries and re-
gions give subsidies to allow this uptake of new concepts
in buildings.

For some reasons these funding schemes are very im-
pottant to implement enetgy effidency concepts and for
showing frontrunners to learn from. The quality of the
finandal supportis very different but it is worth looking
for it, because at least for the higher planning effort of
nZEBitould be qudal to have funding ornot.

© EXAMPLES (CASE STUDY A)

Influence on Investment Costs: [1[]

NZEB Funding

=

7

© CO-BENEFITS

Energy Savings

e CONFLICT OF AIMWITH OTHER AC-
TIONS

Funding should be dependent on the spedfic needs and
size of the nZEB project. Regional guidelines and politial
dedsions could hinder proper fundingschemes.

© INFLUENCES ON OTHERACTIONS
1.11,2.2

@ IMPORTANCE

Help to overcome finandal barriers in the beginning of a
building's planning process, whete normally not alot of
moneyis there to be invested. For examplein Austtia
there exist funding schemes where housing assodations
an daim environmentally relevant extra costs in some
nZEB projects, which make first steps easier.

© DIFFICULTY

o Fundingschemes depend verymuch on politics

o In some market situations funding schemes ate not
interesting enough to drive nZEB developments

o A jungle of different subsidy and funding schemes
decreases theeffidency of theinstrument fora spe-
dfic aim like nZEB

@ STANDARDS AND REGULATIONS

o EUfundinghttps:/ /europa.cu/european-un-
ion/about-eu/fundinggrants_en plus national
funding services like https:/ /www.foerderpilot.at/
in Austria

o  COMMISSION REGULATION (EU) No
1407/2013 (De Minimis regulation) for entetprises

© MAIN DRIVER

Owners

(@ INVOLVED STAKEHOLDERS

Investors

@ METHODOLOGY/ TECHNOLOGY/ BUSI-

NESS MODEL

o Indirect (loan with no/neatly no intetest) or direct fi-
nandng by national/ regional authorities via grant ap-
plication

o European initiatives trying to boost private invest-
ments: https://eceuropa.eu/energy/ en/ finandng-
energy-effidency/ sustainable-energy-investment-fo-
rums

(® SPECIFICATIONS (QUALITY/QUAN-
TITY GOAL)

Qualitative goal: Experts on funding schemes should be
available for advice

High: Different funding is available for energy effi-
dengy, useofrenewable energy and integration of energy
flexibilityin the building

Medium: Two different of these funding schemes are
available

Low: Only one of these funding schemes is available

REFERENCES USED

EU-regulationand -funding service plus Austrian funding
service (see above), acessed at 15th April 2018



AcTION: Development and Implementation of strategies for awareness raising
LIFE cYCLE PHASE: URBAN

@ DESCRIPTION OF THE ACTION

Awareness raising activities should always accompany
political dedsions on a legal framework for energy and
building performance goals. Otherwise stakeholders wil
notunderstand and hardly acept restrictions for the con-
struction sector. Best strategy would be to break down
the energy and CO2-goals / -requirements into easyun-
derstandable pieces for each stakeholder.

In a way, effidency information sudh as energy petfor-
mance certificates could also be used as a tool for aware-
ness raising, but the potential of such certification is not
very suaessfully exploited at the moment.

© EXAMPLES (CASE STUDYA)

Co-Benefits: User Accaptance

© CO-BENEFITS

user satisfaction

O CONFLICT OF AIMWITH OTHER AC-
TIONS

6 INFLUENCES ONOTHERACTIONS
1.13,1.15,1.19, 2.7

@ IMPORTANCE

o Awareness raising campaigns are often accom panied
by setvices which could be used to translate regula-
tion into implementable measures, which makes it
easier to be acepted by stakeholders

o A good starting point to activate the dvil sodety and
found organizations which help to implement energy
requirements

0 DIFFICULTY

o Could be misused for lobbying from market actors
leading to different goals than insisted ones

o  Could be a weak instrument for changing minds if
not professional im plemented

@ STANDARDS AND REGULATIONS

No general standards exist for awareness raising cam-
paigns, besidealot of different ones of spedfic compa-
nies or organizations,also political parties like in Austria
https:/ /www.locgov/law/help/cam paign-finance-regu-
lation/ austtia.php

@ MAIN DRIVER
Stakeholder A

@ INVOLVED STAKEHOLDERS
Stakeholder A; Stakeholder B; Stakeholder C;
Stakeholder D

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

o  Better EU regulation initiative for induding different

aspects  in  regulatory dedsions: https://eceu-
ropa.cu/info/law/law-making-process/ planning-
and-proposing-law /bettet-regulation-why-and-
how_en

o Campaigning

(® SPECIFICATIONS (QUALITY/QUAN-
TITY GOAL)
Qualitative feedback from the public

High: Number of artides and indications in broad casting
and TV>20

Medium: Number of artides and indications in broad-
astingand TV 10-20

Low: Number ofartides and indications in broad casting

and TV<10

REFERENCES USED
EU- and national regulation on cam paigning (see above),
accessed at 15th April 2018



acTion: Regional efficiency improvement targets supporting nZEB
LIFe cYcLE PHASE: URBAN

€ DESCRIPTION OF THE ACTION

Not only European, national and regional legal require-
ments - the "regulatoty tools" - butalso energy reduction
goals that can be set by a loaal government, either at the
dtywide community level, or applied to its own publidy
owned or rented building stock, can be very important to
help nZEB development.

Munidpal and dty governments can and shouldintrodue
voluntary targets as a way to incentivize the private sector.
They additionally can take government leadership byim-
plementing frontrunner buildings and improving the pub-
lic buildingstock.

© EXAMPLES (CASE STUDYA)

Co-Benefits: User Accaptance

Measures
Scope Specific
Regirements
Advisory Panel Best
Practice Categorization
Targets Master Plan
Priority
© CO-BENEFITS
Value Development

o CONFLICT OF AIMWITH OTHER AC-
TIONS

Could interfere with legal guidelines and technical nZEB
standards

© INFLUENCES ON OTHERACTIONS
1.18,2.11

e IMPORTANCE

o Binding local targets like nZEB standards for build-
ings, maybe supported by loal incentives, can
strengthen political statements and activate local
sources - companies and people.

o Lighthouse nZEB projects can serve as "knowledge-
transfer" objects and test different technologies.

e DIFFICULTY

o Additional targets could incarease the complexity of
projects

o Locad nZEB targets could in some cases lead to high
munidpal investment costs

o Undeliberated planningand unprofessional im plemen-
tation of frontrunner projects could backfire the targets

@ STANDARDS AND REGULATIONS

o  klimaaktiv - Austrian voluntary buildingand energy
certification system

o klimabuendnis.org- Existingtoolsand methodssup-
porting munidpalities, also on national level

o Servicepackage for publicnZEB tendering and award-
ing for contracts e.g. https:/ /www.umweltverband.at

9 MAIN DRIVER
Stakeholder D

@ INVOLVED STAKEHOLDERS
Stakeholder B

@ METHODOLOGY/ TECHNOLOGY/BUSI-

NESS MODEL

o CO2-alalators like https://www.carbonfoot-
ptint.com/ calaulator].html, http:/ /www.enet-
giewende-rechner.at/ and http://www.seap.at/In-
tro.aspx

o LCC-Tools like https://www klimaaktiv.at/ set-

vice/tools/bauen_sanieren/econcalchtml

(® SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

Analysis of the current buildingstockis done and targets
for nZEB implementation are defined deatrly.

High: Region/munidpality beats the national nZEB goal
by half

Medium: Region/munidpality reduces the national nZEB
goal by quarter

Low: Region/munidpality has a CO2-analysis and an ovet-
all nZEB path

REFERENCES USED
Voluntary certification, alaulators and tools (see above), ac-
cessed at 3rd May 2018



ACTION: Set long term regional targets for spatial planning
LIFE cYCLE PHASE: URBAN

@ DESCRIPTION OF THE ACTION

In order to achieve the nZEB goal, consistent concepts
mustbedeveloped thatindude different urban develop-
ment sale. EU member states agreed that all new build-
ings to be built from 2020 onwards will meet the near
zero energy standard. New public-sector buildings must
complywith this standard as early as 2019.

Urban regulations and targets influence the energy con-
sumption of building structutres and these regulations
should cover both the macro and micro areas in order to
achieve integrated planning.

This decay is intended to ensure that the sealing of areas
does notincaease any further, but rather thata "sensible”
approach to soil as a resource is considered. Further-
more, urban development concepts that achieve a bal-
ance between building density and quality allow a high
sodal standard, whereby energy consumption for
transport can be reduced and non-motorized individual
traffic can be optimized.

© EXAMPLES (CASE STUDYA)

nfluence on Follow-up Costs: [[1[]

© CO-BENEFITS

Resource Savings

O CONFLICT OF AIMWITH OTHER AC-
TIONS

e INFLUENCES ONOTHERACTIONS
1.9,1.10,1.12, 1.14,1.19,1.21,2.10

6 IMPORTANCE

The strategic planningof building structures makesit pos-
sible to optimally exploitthe energy potential and to create
the prerequisites for the planning and construction of al-
mostzero energy areas / dties / buildings.

@ DIFFICULTY

Often insuffident data basis

@ STANDARDS AND REGULATIONS

The standards must beset up! There are right at themo-
ment only regional spedfic guidelines which desaibe an
optimized spatial planningprocess.

9 MAIN DRIVER
Stakeholder C

@ INVOLVED STAKEHOLDERS
Stakeholder |

@ METHODOLOGY/ TECHNOLOGY/BUSI-

NESS MODEL

o Develop a robust spatial evidence base to identify the
energy profile of existing land usesand energy charac-
ter in theurban area

o Develop an ‘energy cadaster’ to identify the capadty
between demandand production.

(® SPECIFICATIONS (QUALITY/ QUAN-
TITY GOAL)

High: Nearly Zero Energyand Carbon Areas
Medium: neatly Zero Energy Areas
Low:low Energy Areas

REFERENCES USED
http:/ /www.spedal-eu.org/ assets/uploads /SPE-
CIAL_Pan_FEuro-Guide.pdf, acessed at 28th June 2018



AcTION: Assessment of the energy efficiency and renewable energy potentials
LIFe cycLE PHASE: URBAN

@ DESCRIPTION OF THE ACTION

The potential of different renewable energy supply op-
tions may be divided into:

o Generation on building (e.g. Solar and Wind)

o  On-site generation by on-site renewables
(e.g. Solar and Wind)

o On-site generation by off-site renewables
(e.g. biomass)

o Off-sitegeneration (e.g. investment/production in
wind mills, PV-plants etc)

o Off-site supply (existingrenewables in the grid)

If the share of renewables in the grid is high (off-site
supply), theneed for new on-siteand /or off-site genet
ation will below (and vice versa).

© EXAMPLES (CASE STUDYA)

Influence on lnvestment Costs: []
Influence on Follow-up Costs: [}

a

© CO-BENEFITS

Resource Savings

e CONFLICT OF AIMWITH OTHER
ACTIONS

State and munidpality may have an agenda/strategy
which is in conflict with sustainability.

E.g. they force (bylaw) to connect ot a district heating
grid with low shate of renewables.

REFERENCES USED

see standards above, and http://task40.ica-
shcorg/data/sites/1/publications/ Task40a-
Net_Zero_Energy Buildings Calculation_Meth-
ods_and_Input_Variables.pdf, accessed at 29th June
2018

© IMPORTANCE

The shate of renewables in the grid (off-site supply) will have
a direct effect on theneed foron-siteand/or off-site genera-
tion.

O DIFFICULTY
o Loal conditions may change (e.g. newadjacent buildings
will resultin more shading)

o The share of renewables in the grid is constantly chang-
ing

o STANDARDS AND REGULATIONS

o ENISO 52000 Energy performance of buildings —
Overarching EPB assessment

o ENISO 52003 Energy performance of buildings — In-
dicators, requirements, ratings and certificates

o ENISO 52016 Energy performance of buildings — En-
ergy needs for heating and cooling, internal tem pera-
tures and sensible and latent heat loads

© MAIN DRIVER

(Economic) Chambers

9 INVOLVED STAKEHOLDERS
Landlotrds

({® METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

Desktop work - various tools to be used!

@ SPECIFICATIONS (QUALITY / QUANTITY

GOAL)
Quantity goal:

o kWh/m?2a_gross floorarea (related to energy de-
mand/load, on site generation)
o  Share of renewables in percentages

High: 50 % better compared to national building regulations
- meaning lower energy demand and higher share of renewa-
bles

Medium: 25 % better compared to national building regula-
tions

Low: Aaording to national building regulations

@ INFLUENCES ON OTHER ACTIONS
1,17



acTioN: Urban Masterplanning Allowing highly compact buildings
LIFe cYcLE PHASE: URBAN

€ DESCRIPTION OF THE ACTION

The compactness of structures is given by the ratio of
the heat-emitting envelope surface (A) to the heated vol-
ume (V), theso-alled A / V ratio. The smaller the A /
V ratio, the lower is the spedfic energy input to
heat/ ol the building. The smallest A / V ratio has a
spherical object followed bya aibe.

Typical A / V ratios ate:

o0 Detached single familyhouses0.7 to over 1.0
o Semi-detached houses 0.6 to 0.9

o Rowhouses0.4to0 0.6

o Apartment buildings 0.2 to 0.5

Primarily, the A / V ratio depends on the absolute size
of the structure, secondarily on its shape. Basically, the
rule of thumbis to build as large a volume as possible.

© EXAMPLES (CASE STUDYA)

Influence on lnvestment Costs: [][][]
Influence on Follow-up Costs: [

Surface to
Volume Ratio

éﬁé

o,4

T

0,6

0,3 0,2

© CO-BENEFITS

Energy savings

O CONFLICT OF AIMWITH OTHER AC-

TIONS
See 'tisks'- Daylight and ventilation goals could beinflu-
enced!

© INFLUENCES ON OTHERACTIONS
2.2,2.3

@G POTENTIALS

With dedsions on a quarter or urban master-planning a
high potential of energy savings arise from compactness
of the building's layout allowed to be built.

@ RISKS

o Limits thearchitectural freedom of planning

o Very compact layout may cause challenges in offeing
daylight and fresh airin theinner patts of big-volume
buildings

9 STANDARDS AND REGULATIONS
Some national building codes indude the sutface/vol-
ume ratio in the calaulation oflimiting heat demand val-

ues, like in Austtia.

9 MAIN DRIVER
Stakeholder B

(@ INVOLVED STAKEHOLDERS

Investors

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Mostly generated within the tools of enetgy certification
calaalations.

(® SPECIFICATIONS (QUALITY /QUAN-
TITY GOAL)

High: A/V=<03
Medium: 0.3>A/V > 0.6
Low: A/V >0.6

REFERENCES USED
Haas J. et al: Handbuch fiir Energieberater, 1994



AcTioN: Optimize Building Orientation and Zoning
LIFE cYCLE PHASE: URBAN

€ DESCRIPTION OF THE ACTION

The orientation ofa building and the orientation of the
windows significantly determine the heat gain and losses
during the heating season, but also wolingdemand dut-
ing summer. East and west oriented windows receive
60%, north windows 40% of the usable solat radiation
of a south-fadng window. Due to thelow morning and
evening sun during summer, the east and west fadng
windows have greater overheating problems than south
windows.

The ability to maximize heat gains by orienting, zoning,
and increasing the windowarea on the south side is often
overestimated. Depending on the shape of the buiding
and the proportion of the window area, the heat gain
ranges from 4 to 8 kWh / m2GFA and year. Only with
passive houses withan annual heating requirementof up
to 15 kWh / (m?TFA.a) do these heat gains play a rele-
vant role. For passive houses, a maximum deviation
from the south of 10 ° should be maintained. For low-
energy houses, the south-fadng facade can deviate up to
30 °.

The zoning ofliving and recreation rooms should be o1
ented to the south, so that they can benefit from diret
sunlight even in winter. On the north side, adjoining
rooms, stairs and the entrance atea should be arranged,
the temperaturelevel of which can be keptlowerin win-
ter.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: IE
Co-Benefits: Comfort, Rentability

© CO-BENEFITS

Comfort

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHERACTIONS
1.7,1.14

@O POTENTIALS

With dedsions on a quarter or urban mastet-planning a
high potential of energy savings arise from definition of
possible orientationand zoning,

o RISKS

o  Might somehow limit the owners freedom of fune
tional use of the building

o Thereisa need for knowledge on how to use passive
solar gains effectively (without causing active cooling
measures) and reduce the overall final energy demand

9 STANDARDS AND REGULATIONS
Someloal buildingguidelines define building orienta-
tion orat least roof otrientation.

Passive-house standard gives very good instructions to

use passive solar gains.

© MAIN DRIVER

Planners

@ INVOLVED STAKEHOLDERS
Stakeholder D

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Energy cettifiation tools or PHPP for calaulation of ben-
efits.

( SPECIFICATIONS (QUALITY /QUAN-
TITY GOAL)

High: Fixed detailed zoning concept with living rooms
max. deviating 30° from south

Medium: Basic zoning concept

Low: No orientation and zoningconeept of building
area

REFERENCES USED

Haas J. et al: Handbudh fiir Energieberater, 1994, PHI
Darmstadt - different sources at https:/ /passiv.de/,ac-
aessed at 20th June 2018



AcTioN: Optimize Solar Access in Urban Layout
LIFe cYcLE PHASE: URBAN

o DESCRIPTION OF THE ACTION

The analysis of the passive solar potential calculates the
solar radiation on the facade in order to determine the
heating of the building by solar energy. Dedsive factors
are the orientation of the main or energy gain facade and
the distances between the buildings, as well as the plant-
ingloations and growth heights of trees as a source of
shade. The optimizationand scenario development of
the planning status serves as a basis for the preparation
of the development plan and for coordination with all
parties involved.

Active solar use optimizes solar energy production on
roofand facade surfaces. Roof shape, roof orientationand
roof pitch are considered as well as possible shadows.
Eadh roofand facade has information on the solar enerpy
potential for the use of photovoltaics and solar themal
energy.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Cests: []
Co-Benefits: Comfort, Rentability

© CO-BENEFITS

Resource Savings

O CONFLICT OF AIMWITH OTHER AC-
TIONS

© INFLUENCES ON OTHER ACTIONS
3.4,3.5,3.6

@ IMPORTANCE

passive gains and inareased use of renewable energies
Energysaving and thus reduction of energy costs
Good marketingopportunities for the building plots
Comprehensive planningoptions for munidpalities
Contribution to dimate protection and sustainability

O O O O O

0 DIFFICULTY

o Higher planning effort for the preparation of a deve-
opment plan

o  Data basis necessary

@ STANDARDS AND REGULATIONS
Renewable Enetgy Directive 2009/28/EC

© MAIN DRIVER

Sodety

@ INVOLVED STAKEHOLDERS
Stakeholder E

@ METHODOLOGY/ TECHNOLOGY/ BUSI-

NESS MODEL

o Analysis of passive solar use (irradiation on main and
energy gain facade)

o Potential analysis of active solar use (photovoltaics, so-
lar thermal energy)

o  Optimization and development of scenarios, recalcula-
tion of the active and passive solar potential

o  Preparation of results data for different groups of ac-
tors

o  Presentation of results with recommendations via in-
teractive website as an information and marketing plat-
form

o Ecnomiceffidency calaulation for the use of regen-
erative energy sources in heatand electridty supply

( SPECIFICATIONS (QUALITY/QUAN-
TITY GOAL)

High: Spatial planning fully follows the prindples of solar
buildings
Medium: Spatial planning takes solar access into account

acxess to

Low: Spatial planningis not based on solaraccess

REFERENCES USED

https:/ /eur-lex.curopa.eu/legal-con-

tent/ EN/TXT/PDF/ ?uri=CELEX:32009L0028&from=F
N

http:/ /www.pv-finandng.eu/wp-content/up-
loads/2017/05/04-SPE-PV-finandng-full-lr.pdf

https:/ /www.ipsyscon.de/ fileadmin /user_up-
load/PDF/Loesungsflyer/SolarEnergetische_Bauleitpla-
nung LF.pdf, accessed at 20th June 2018



AcTioN: Work with Urban Microclimate
LIFE cYCLE PHASE: URBAN

o DESCRIPTION OF THE ACTION

Utban structures are dimatically very different from
their surroundings. Distinctive are differences in tem-
perature, wind conditions and predpitation distribution
as well as a much higher degree of air pollution. The
influence of built structures is mostevident trough the
formation of an utban heat island.

Thenewly developed thermal orurban dimate zones
further subdivide the urtban dimate on the basis of the
following factors:

surface roughness

proportion of sealed surfaces

sky view factor

heat receptiveness

albedo

human heat production

O O O O O O

The microdimatic and biodimatic quality of the out-
doorareas is of great im portance for the well-being and
a healthy living environment. Due to global dimate
change and the expected changes in the urban dimate
theimportance of this topicis increasing.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Cests: []
Co-Benefits: Comfort, Rentability

© CO-BENEFITS

Resource Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

o Health and well-being of residents and users (high air
quality, avoidance of heat stress)

o  Stabilityof ecosystems and thus securing the supply base

o Reduction of energy consum ption by avoiding technolo-
gies for air conditioning and air deaning in buildings

o Inceased productivity of employees

@ DIFFICULTY

Data basis

e STANDARDS AND REGULATIONS
o VDI3785

o VDI3787

9 MAIN DRIVER

StakeholderI

@ INVOLVED STAKEHOLDERS

Munidpalities; Investors; (Economic) Chambers; Citizen
groups/NGOs; Sodety; Stakeholder A; Stakeholder B;
Stakeholder C; Stakeholder D; Stakeholder E; Stakeholder F,
Stakeholder G; Stakeholder H

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Utsban dimate evaluation by

o utbandimateindex of urban district

o utban ventilation concept

o utban dimate consultant

@ SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

High: Urban Heat Index and ventilation concept are inves-
tigated to buildings

Medium: Urban Heat Index is alailated

Low: Utban dimate is not considered important

REFERENCES USED
https:/ /nachhaltigwirtschaften.at/re-

sources/hdz_pdf/aspernplus_freiraum-mikrok-
lima.pdf’m=1469659857

https:/ /www.osna-
bruedk.de/gruen/stad tklima/stadtklima.html, both accessed
at 20th June 2018

DGNBSQ16



action: Consideration of Thermal / Electrical Microgrids on District Level
LIFE cYCLE PHASE: URBAN

€ DESCRIPTION OF THE ACTION

A microgrid on district levelis an energy system,
which, within a defined boundary, provides electridty
as well as thermal energy for heating and cooling for
several fadlities.

Key drivers are: need of electridty in remote places,
grid seaurity and survivability, castomer need for more
reliable and sustainable service.

Examples of district energy microgrids, which serve
buildingdusters, are those which im plement com bined
heat and power (CHP).

Common CHP technologies are: microturbines, gas
turbines, redprocating engines, fuel cells.

University of California San Diego Microgrid: The mi-
aogrid project supplies electridty, heating, and cooling
for 450 hectare campus with a daily populationof
45,000.

It consists of two 13.5 MW gas turbines, one 3 MW
steam turbine, and a 1.2 MW solar-cell installation that
together supply 85% of campus electridty needs, 95%
of its heating, and 95% ofits cooling.

© EXAMPLES (CASE STUDYA)

Influence on Iavestment Costs: [1[]
Influence on Follow-up Costs: [T1[]
Co-Benefits: Autonomy

L, m L. QI/_,_--__L,_

Microgrid

© CO-BENEFITS

Resource Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

o The technology of micogtids reduces losses due to
transport and distribution of traditional grids.

o Integrated system, more effident than separate genera-
tion. This implicates lower emissions of pollutants.

o Suitable for theim plementation of the concept pf energy
flexibilityand demand response.

o DIFFICULTY
Development and com plexity of implementation of business

models

9 STANDARDS AND REGULATIONS
EEE 1547.4 -2011: Guide for Design, Operation, and Inte-
gration of DR Island Systems with EPS

0 MAIN DRIVER
Stakeholder D

(@ INVOLVED STAKEHOLDERS

@® METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Spedfic planning tools and co-simulation tools

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

High: Detailed concept of a thermal and electrical mi-
aogrid fora district ommunicating with the overall energy
system

Medium: Concept of a thermal or electrical microgrid fora
district

Low: No detailed concept for district energy microgrid

REFERENCES USED
se standard aboveand https://building-mi-
aogtid.lbl.gov/ucsd, accessed at 11th July2018



acTioN: Consideration of Seasonal Storage on District Level
urFe cycLE PHASE: URBAN

o DESCRIPTION OF THE ACTION

Seasonal thermal energy storages (STES) are systems
developed to face the problem of the temporary dis-
aepancy between heating energy generation from re-

newables and buildingheating demands. Together with

a higherintegration of renewable and industrial waste
energy soutces, STES provide system flexibilityand
stability.

Three technologies are available:

o Sensibleheat storage: Heat stored through en-
handng of the temperature of amedium.

o  Latent heat storage: Heat stored through phase
change of a medium.

o Chemical storage: Heat stored through chemical
reaction of a medium.

© EXAMPLES (CASE STUDYA)

Influence on lnvestiment Costs: [1[T][C]
Influence on Follow-up Costs: [][][C]
Co-Benefits: Autonomy

NAMNAN=N

Seasonal

Storage

© CO-BENEFITS
Energy Savings

O CONFLICT OF AIMWITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

Excess heat is stored and is used to compensate heat shott-
ages. Seasonal storage allows solar energy to cover all heating
loads.

0 DIFFICULTY

o Spedfic heat, thermal conductivity, stratification

o Latentheatand chemical storage are not mature technol
ogies

@ STANDARDS AND REGULATIONS

First projects try to generate performanceindicators for sea-

sonal storage like https:/ /www.aee-intecat/in-

dex.phprseitenName=projekteDetail&pro-

jekteld=224&Jang=en

9 MAIN DRIVER

Owners

() INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Spedfic planning tools and co-simulation tools

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

High: STES are planned within thelocal district energy sys-
tem

Medium: Atleast some demonstrationto learn from inte-
grating STES is considered

Low: No fixed plans for STES

REFERENCES USED

own project know-how



acTioN: Definition of Basic envelope attributes and Energy Targets
urFe cycLE PHASE: URBAN

€ DESCRIPTION OF THE ACTION

Even before the design of a building, basicenvelope

and energy related targets should be dedded.

Setting the enetgy targets for the building envelope

may be donein different ways:

1) Spedfic requirements for different buildingele-
ments (thermal transmittance and air tightness)

2)  Average U-valueand air tightness for the building
envelopeinduding building elements, windows,
thermal bridges etc

3) Average U-valueand air tightness for the building
envelopein relation to floorarea

The first method allows for spedfic requirements but

may give very different results as the architectural de-

sign of the building will still have a great im pact.

By setting the requirement for the building envelope

on average values, itis possible to handle the relation

between window quantities and need forinsulation etc.

The third option will give the projects the freedom to

cpe with architecture and building envelope in an in-

tegrated way. E.g. a compact building can have more
windowsetc.

© EXAMPLES (CASE STUDYA)

The example shows different transmission heat losses
for different building systems and insulation quantities.

Influence on Investiment Costs: [1[11[]
Influence on Follow-up Costs: [][1[]

U-Roof<
0,15 W/mPK

U-Window<
0,8 W/mzK

nWZERB

U-wall <
0,15 W/m2K

© CO-BENEFITS

Energy Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

Could negatively influence the daylight conditions.

© INFLUENCES ON OTHER ACTIONS

@ IMPORTANCE

>70 % of the energy demand for heating in buildings de-
signed with balanced mechanical ventilation with heat recov-
ery will be due to transmission losses through the building
envelope.

@ DIFFICULTY

The state of knowledgeis in general low.

e STANDARDS AND REGULATIONS
ENISO 13789, ENISO 6946, EN ISO 9972, EN ISO
10211

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

See standards and regulations, energy performance certifica-
tion procedures

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

W/m2K, kWh/m2, etc.

High: Heatingload <10 W/m? GFA or 50 % lower heating
energy demand compared to national building regulations
Medium: Heating load between 10 and 30 W/m? GFA or
25 % lower heating enetgy demand compated to national
buildingregulations

Low: Heatingload >30W/m? GFA orheating energy de-

mand equal to national buildingregulations

REFERENCES USED

http:/ /portal.research.lu.se/portal/ en/ publications/ hygro-
thermal-conditions-in-exterior-walls-for-passive-houses-in-
cold-dimate-considering-future-dimate-scenario (a21416d2-
7d80-4b1e-b094-ad7¢020e8449).html, accessed on 29th June
2018



action: Definition of Integrative Design Team

LIFE cYCLE PHASE: URBAN
o DESCRIPTION OF THE ACTION

In order to develop a comprehensive concept for ur-

ban development, various institutions should work to-

gether to analyse the potential of the area and indudeit

in the planning.

o

Environmental engineers analyse the potential of
thearea (energetic spedalist, dty dimate, protec-
tion of spedes, geology, water)

Data spedalist (geo information systems) analyse
traffic, building standards, waste, noise

Utban planners / architects analyse traffic / land-
sape planning

Integral consultant and sodal planner could bein-

volved

© EXAMPLES (CASE STUDYA)

Influence on lnvestment Costs: []
Influence on Follow-up Costs: []
Co-Benefits: Quality

Planner

Facility Contruction
Manager &~ €& Company
Energy HVAC Planner
Consultant
© CO-BENEFITS

Resource Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

Could negatively influence the daylight conditions.

© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

Only through the cwoperation of many planners, the area can
be optimizedin terms ofits potential.

© DIFFICULTY

o Dataseaurity
o Data status / availability
O communication

© STANDARDS AND REGULATIONS

When setting up regulations for an energetic optimized spa-
tial planning process itis necessary to analyse, calaulate and
plan in a integrated planner team

© MAIN DRIVER

Munidpalities

(@ INVOLVED STAKEHOLDERS

@® METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

With an integrated planningteam for spatial planning you an
receive a better utilization of energy resources from existing

buildings.

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

High: Team of urban planner / architect + ecological plan-
ner + sodety planner

Medium: Urban planner / architect + ecological planner
Low: Utban planner / architect

REFERENCES USED
Leitfaden Energienutzungsplan
DGNBSQ 16



AcTioN: Preparation of budget for renewables and estimate return on
investment/LCC
LiFe cycLE PHASE: URBAN

€ DESCRIPTION OF THE ACTION

Rough cost figures (cost/kWpsolar, cost/ kWhsolat,
cost/kWheat pump, etd) need to be defined in order to
make rough estimates regarding investment in renewa-
bles and to enable trade of calaulations between energy
effidency and investmentin renewables.
Theinvestoralso dearly needs to define expectations
and boundary conditions, such as: discount rate, yield,
etc.

Tariffs for different energy aarriers need to be defined.
Furthermore, if an investor considers investing in re-
newables that export energy, the expected export ca-
padty and export tariffs also need to be defined.
Evaluations may only considerinvestment and energy
st reductions for renewables. However. They could
also indude co-benefits, such as: Publicpublidty value,
inaeased property value etc.

© EXAMPLES (CASE STUDYA)

© CO-BENEFITS
Energy Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

Could compete with budget for energy effidency
measures.

© INFLUENCES ON OTHER ACTIONS
1,5

e IMPORTANCE

The LCC expectation from theinvestoris important
and will have a direct effect on the possibilities to use
renewable energy techniques.

© DIFFICULTY

o Predicting costs for investment and future energy tariffs
is complex

o Small changes in calaulation period, yield etc may have
big effects

o Different stakeholders/investors has different ways of
analysing economy (it s not physics)

@© STANDARDS AND REGULATIONS
EN 60300,ISO 15686

© MAIN DRIVER

Planners

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

See standard

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

Monetary terms

High: L.CC/LCA on a detailed level, considering different
technologies and scenarios

Medium: Paybadck calaulations to dedde budget for renewa-
bles

Low: No alalations (maybe no budget)

REFERENCES USED
Berggren, Wall 2017 - Profitable nZEBS - how to break the
traditional LCC analysis.



o

aAcTioN: Connection request for PV / drilling permit for geothermal

LIFE cYCLE PHASE: URBAN
o DESCRIPTION OF THE ACTION

Photovoltaics: The PV LEGAL project, financed
by the Intelligent Energy Europe program,
showed that administrative requirements can rep-
resent a considerable share of the development
costs of a project, where photovoltaicsystems are
implemented ontoabuilding. An effident grid
connection process is fundamental to lower the

costs and increase the competitiveness of PV.

Geothermal: A ommon EU-wide minimum
standard to get a drilling permission for theuse of
geothermal energyhas not been developed yet.
Each member state has its own regulation. There-

fore it is not possible to definea commonaction.

© EXAMPLES (CASE STUDYA)

- The European project PV LEGAL, ended Februaty
2012, aimed at identifying and then redudng those legal-

administrative barriers that affect the planning and de-

ployment of photovoltaic (PV) systems across Europe.

Influence on lnvestment Costs: []
Influence on Follow-up Costs: [[][]

© CO-BENEFITS

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

1f planners are vety early involved in the plans for using PV
or geothermal energyin nZEB, the respective permissions to
connect to the grid or to drill into the ground can be requested
in time.

@ DIFFICULTY

Main identified barriers are those related to permittingproce-
dures, grid connection rules and technical standards.

© STANDARDS AND REGULATIONS

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

The permission should be asked very eatly in the planning,
best would be to define requirements for spedfic regional
areas from authority side.

High: Permission for PV connection to grid and geothemal
energy use beforeimplementation

Medium: Permission for PV connection to grid and geo-
thermal energy use during im plementation

Low: Permission for PV connection to grid and geothermal
energy use after im plementation or not approved

REFERENCES USED

PV LEGALhttps://eceuropaeu/energy/intelligent/pro-
jects/en/ projects/ pv-legal, accessed at 30th July 2018



acTioN: Requirements Analysis
LIFE cYCLE PHASE: URBAN

€ DESCRIPTION OF THE ACTION
Requirements analysis, also called requirements engi-
neering, is the process of determining owner and user
expectations fora new productlike nZEB. These re-
quirements or functional spedfications must be quanti-
fiable, relevant and detailed. Requirements analysis is
an important aspect of the project management. It can
be used to detail and determine the expectations of
owners butalso users regarding urban planning or
nZEB planning aspects.

© EXAMPLES (CASE STUDYA)

Influence on Investment Costs: [
Influence on Follow-up Costs: [
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© CO-BENEFITS

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

REFERENCES USED
https:/ /searchsoftwarequality.techtarget.com/d efini-
tion/requirements-analysis, acessed at 8th Aug. 2018

(G IMPORTANCE

Requirements analysisis a team effort that demandsa combi-
nation of hardware, software and human factors engineeting
expertise as well as skills in dealing with people. Ensuring that
the final planning ofan area or on nZEB conforms to dient
needs. Good mediated and communicated process, not lead-
ing to mould user expectations to fit the requirements, but
motivating to dedare requirements.

@ DIFFICULTY

o  Could become wstly process
o Demands communication effort

© STANDARDS AND REGULATIONS

o From software products and services side: 29148-2011 -
ISO/IEC/IEEE International Standatd - Systems and
software engineering -- Life cyde processes --Require-
ments engineering

o  Project management side: Quality management systems
- Requirements (ISO 9001:2015), etc.

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

High: The expectations and requirements of the dient
(building owner, user, etc.) are dear and documented
Medium: The expectations and requirements of the dient
(building owner, uset, ctc) are discussed before planning
Low: The expectations and requirementsof the dient
(building owner, user, etc.) are not deatly communicated



AcTioN: Apply Strategy towards efficient use of land
LIFe cYcLE PHASE: URBAN

€ DESCRIPTION OF THE ACTION

Land useshould belimited as faras possible. Thisnot

only ensures the economical and areful use of fertile

land, but also minimizes costs. The reuse ot subse-
quent useofan unusedareais important. Sealed area
causes problems:

o Predpitation water cannot seep away, the ground-
water level is sinking.

o Rainwatermustbedrained into the sewerage sys-
tem. Thereit mixes with the wastewater and thus
increases the costs for wastewater disposal.

o Evaporation decreases, the airbecomes dry and
the micodimate changes.

o0 Secaled surfaces heat up strongly. Therefore, the
temperaturein the dties is higher than in the open
countryside.

o Lossofthe soil as a natural resource and pollutant
filter, as a habitat foranimals and plants as well as
a reareation and nature experience area forpeople.

Existing buildings should be assessed to get more sto-
reys or theliving area to be densified.

© EXAMPLES (CASE STUDYA)

influence on Investment Costs: L[]
Influence on Follow-up Costs: [I11[]
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© CO-BENEFITS

Resource Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

Positive effects for dimate and the environment

@ DIFFICULTY
o Ambitious planning for geometry and foundation

o Additional effort to convince current residents

© STANDARDS AND REGULATIONS
20/07/2016-COM/2016/479

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Lay foundations in theland use planning and legislation.
The areas can be divided in to the following groups: natural
environment, village space, urban space, brownfield sites,area
integration, arealoading (pollutants / explosive ordnance).

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

High: Highest possible site density with green roofs for
leaching water

Medium: Site density negotiations, no green roofs
Low: No negotiation on site density or green roofs

REFERENCES USED

https:/ /www.ufz.de/index.phprde=35688, accessed at 2Bth
June2018

DGNBSQ16



AcTioN: Assessment of the Potential for Decentralized renewable power
generation
urFE cycLE PHASE: URBAN

@ DESCRIPTION OF THE ACTION
Decentralized power generation means the generation
of electrical powerin small power plants or plants
dose to consumer. This type of generation is opposed
to electridty generation in large-scale plants such as
coal and nudear power plants. The small power sta-
tions - ombined heat and power plants, photovoltaic
plants or small wind turbines, for example - feed en-

ergy directly into thelow-voltage grid.

The decentralized generation of "green" power com-
prises in particular:

o Combinedheatand power plants based on fossil
and renewable fuels

o Wind tutbines

o Photovoltaicsystems

o  Geothermal cogeneration plants and power plants

© EXAMPLES (CASE STUDYA)

© CO-BENEFITS
Energy Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

Energylosses during power transport can be minimized
by shortening the transmission paths. This means that
energy can be fed into existing networks with almostno
intermediatelosses.

Centralized and decentralized power supply systems
an o-existand complement each other.

© DIFFICULTY
Usually higherinvestment and maintenance costs have to be

expended.

© STANDARDS AND REGULATIONS
Country-spedficinitiatives based on the EPBD 2010, which
implies decentralized energy generation as follows: "The
nearly zero or very low amount of energy required should be
covered to a very significant extent by energy from renewa-
ble sources, induding energy from renewable sources pro-
duced on-site or neatby."

© MAIN DRIVER

Construction company

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Local energy service companies should be established and/or
involved by munidpalities to develop decentralized genera-
tion of renewable power.

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

High: There is the dear aim of supplying power from 100%
local renewable sources

Medium: Thereis the dear aim of supplying power from
50% local renewable soutces

Low: There is no spedfied aim of supplying power from
100% local renewable

REFERENCES USED

own experiences from projects and policy paper of the Eu-
ropean Patliament http://www.curopatl.curopa.eu/ docu-
ment/activi-
ties/cont/201106/20110629ATT22897/20110629ATT2289
7EN.pdf, acessed at 6th Aug. 2018



acTtioN: Definition of Allowed Thermal comfort ranges
LIFE cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION

There ate six factors to take into consideration when design-
ing for thermal comfort. Its determining factorsincludethe
following:

o  Metabolic rate (met): The energy generated from the
human body

o  Clothinginsulation (clo): The amount of thermal insula-
tion the personis wearing

o  Air temperature: Temperature of the air surrounding
the occupant

o  Radiant temperature: The weighted average of all the
temperatures from surfaces surrounding an occupant

o Air velocity: Rate of air movementgiven distance over
time

o Relative humidity: Percentage of water vapour in the air

The environmental factors include temperature, radiant tem-

perature, relative humidity, and air velocity. The personal fac-

tors are activity level (metabolic rate) and clothing.

Looking at the operative temperature, the levels of radiation

and convection are important. The following values can

serve as general orientation when it comes to comfortable
temperature sensation:

o  The vertical air temperature differencebetween0.1 and
1.1 meters above the floor should be less than 3K.

o  Theasymmetry of the radiation temperatures (windows
or other cold surfaces against interior walls or similar)
should be less than 10 K.

o  Sutface temperatures of the floor between 19 and 26 °
C are perceived as pleasant.

O In summer, the room temperature should notexceed 30
°C.

© EXAMPLES (CASE STUDYA)
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© CO-BENEFITS

Comfort

O CONFLICT OF AIM WITH OTHER
ACTIONS

G IMPORTANCE

Thermal comfort is very important regarding the quality of
the building's indoor environment, and so one of the key as-
peas for the users to be guaranteed. The property value is
even higherwhen comfort ranges could be adhered.

0 DIFFICULTY

o  Complexity of the building services system and control
could increase by strict comfort requirements, also rais-
ing the planning and maintenance costs of such com fort
directed heating and cooling systems

o Narrowlyinterpreted comfortvalues do not allow energy
flexibility and could raise the energy consumption

9 STANDARDS AND REGULATIONS

o Standard EN 15251 spedfies indoor environmental in-
put parameters addressing indoor air quality, thermal
environment, lightingand acoustics

o EN 13779 applies to the design and im plementation of
ventilation and room conditioning in non-residential
buildings

o ISOStandard 7730 (ISO 1984) - Determination of the
PMYV and PPD Indices

9 MAIN DRIVER

Planners

@ INVOLVED STAKEHOLDERS
Tenants; Real estate fund; Investors; Sodety; Stakeholder D

@ METHODOLOGY/ TECHNOLOGY/ BUSI-

NESS MODEL

o Categorization by Fanger’s thermal com fort model

o Comparison of benchmarks for thermal comfort values
(like in the former German standard DIN 1946-2:1994
01) by measurements

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

o Thermal comfort qualityis high if the building services
an provide different conditions to different users

o Quantitatively the thermal com fort could easily be de-
fined by the three categories 1 - III of EN 15251 orby
three different values of Predicted Percentage of Dissat-
isfied (PDD) ofISO 7730

High: at. I (EN 15251)
Medium: aat. 1T (EN15251)
Low: aat. 11T (EN15251)

REFERENCES USED

standards (see above) and https://sustainabilitywork-
shop.autodesk.com/ buildings /human-thermal-comfort, ac-
aessed at 15th April 2018



AcTioN: Optimize Building Envelope (Compactness and Insulation)
LiFe cycLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION
Thebuilding envelopeis first of all a matter of design,
secondlya matter of safety for the residents. The strat-
egy of saving enetgy by the building's envelopeis
known from the passive house standard: A compact
buildingform and good insulation reduce the transmis-
sion losses; an airtight building envelope reduces the
ventilation losses.

Ideally, a simple structureis cost effident (compact de-
sign), due to the relatively small envelope area in rela-
tion to the volume. Thelatter is expressed by the form
factor as the ratio of enveloping area to heated volume
- the smaller the form factor, the more favorable for
the energy balance and construction costs of the build-
ing. Some passive house planners use the term "form
factor" forthe ratio of envelopearea to treated floor
area, so it makes sense to see what's behind the num-
bers.

Big and compact buildings have small form factors,
single family buildings big ones.

© EXAMPLES (CASE STUDYA)

Influence on lnvestment Costs: [T
Influence on Follow-up Costs: O

g
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© CO-BENEFITS
Value Development

€€€
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Volume Ratio

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

® IMPORTANCE

o Reduces the potential heat losses to the outside
makes com fortable wall heating systemswork effi-
dently

o A compact and well insulated building has less
overheating problems

o Thermal bridges caused by junctions of different
buildingcom ponents are reduced

0 DIFFICULTY

o Design variations ate mote testricted when thinking of
compactness and insulationissues

o Know-how and experience is necessary to plan and im-
plement compact and well insulated buildings

@ STANDARDS AND REGULATIONS

o  passive-house standardsdescribed at http:// pas-
sivehouse.com/02_informations/02_passive-house-re-
quirements/02_passive-house-requirements.htm

o Somebuilding wdes likein Austriaindudelimit values
for theheating demand based on the form factor and so
compactness of the building

© MAIN DRIVER

Planners

(@ INVOLVED STAKEHOLDERS

Owners

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

Heated envelope area to volume ratio calculation.

@ SPECIFICATIONS (QUALITY/QUANTITY
GOAL)

o Themostimportant qualitative goal is to raise com fort
and lower operational costs for the buildingvia reduced
form factors and U-values byim proving insulation.

o Alotofdifferent quantitative goals exist - hete are pos-
siblelimit values for the average European dimate

High: form factor < 0.4 for big-volume buildings (4 or
morestoreys), < 0.8 for single family houses; U-values
opaque components < 0.2 W/m?K, transparent < 0.6
W/m?K

Medium: form factor < 0.6 for big-volume buildings, < 1.0
for single family houses; U-values opaque components <
0.35W/m?K, transparent < 1.0 W/m?K

Low: form factor < 0.8 for big-volume buildings, < 1.2 for
single family houses; U-values opaque components < 0.5
W/m?K, transparent < 1.4 W/m?K

REFERENCES USED

https:/ /www.baunetzwissen.de/nachhaltig-bauen /fachwis-
sen/planungsgrundlagen/bauphysikalische-planungs-
leitlinien-657243, http:/ /howtopassivhaus.otg.uk/ form-fac-
tor, accessed at 7th May 2018



acTtion: Improve Window to Wall Ratio
LiFe cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION

For passive solar gains, the glazing and transparent
componentsofabuildingshould have a high total so-
lar enetgy transmittance (g-value). On the otherhand,
the transparent parts of the buildingenvelope create
high losses (factor 5) compared to the opaque ones
during cold seasons. A predse statement about which
heat gains the building can use results in a simulation
calaulation with extensive consideration of the energet-
ically relevant factors.

Mostlyawindow to wall ratio 0£20 to 30% can be
found talking aboutresidential buildings in European
dimate. That could be totally different in commerdal
buildings and other dimate zones. Corresponding
standards forinsulatingglass range atound U-values of
0.8-1.3W/m?2K.

Anotherimportant aspect - the energy balance of win-
dows: A south-otiented window witha glazing U-value
of 1.2W/m?Kand ag-value of 0.63 (means that 63
percent of the solar energy pass through the glass into
theroom) loses as much heat as it gains from the out-
side - the energy balance is zero. For the same window
and the other orientations, the balance is negative. So
generally for the south otiented windowsa U-value of
at least 1.2 W/m?K orlower and forall the other win-
dows a U-valuearound 0.8 W/m?K orlower is the
best solutionin residential buildings.

© EXAMPLES (CASE STUDYA)

Influeince on lnvestment Costs: [[][C][]
Influence on Follow-up Costs: [T][C][]
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© CO-BENEFITS
Rental Income

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

(G IMPORTANCE

One gets energy savings only by considering the optimal win-

dow to wall ratio and at the same time thinking of an optimal

g- and U-value of the walls and windows. These energy sav-

ings are related to both the energy balance during summer

and winter.

o DIFFICULTY

o Again design variations are more restricted

o A lot of know-how to follow all regulations and legal
cdes set on windows, doots, walls and buildings gener-
ally is necessary when planning an optimal window to
wall ratio

© STANDARDS AND REGULATIONS

There are mainly minimum requirements in different na-
tional building codes regarding the ratio of window to net-
floorarea like in the Austrian national building guidelines
"OIB Richtlinie 3" (2015) - page 6/7. These minimum re-
quirements mostly refer to daylight or natural ventilation
standards. Only the ASHRAE 90.1 - 2007 standard defines
requirements for WWR.

© MAIN DRIVER

Planners

(@ INVOLVED STAKEHOLDERS

Owners

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Window to wall ratio and energy balance calaulations of win-

dows.

@ SPECIFICATIONS (QUALITY/QUANTITY

GOAL)

o Qualitative goal could be to increase comfort, reduce
energy consumption and operational costs compared to
buildings witha similar sizein the respective region.

o  Quantitative goals exist - hereare possible limit values
for the average European dimate

High: window to wall ratio 0 20-25% plus U-value of

south-oriented windows < 1.2 W/m?K, the other oriented

windows < 0.6 W/m?K

Medium: window to wall ratio between 12 and 20% ot

more than 30% plus U-value of south-oriented windows <

1.2 W/m?2K, the other oriented windows < 1.0 W/m?2K

Low: no extra planning of window to wall ratio plus U-val-

ues of windows < 1.4W/m?K

REFERENCES USED

own studies and alaulations



AcTioN: Optimize Insulation

LiFe cYCLE PHASE: PLANNING
0 DIFFICULTY

© DESCRIPTION OF THE ACTION

The heat transmission losses through external building com-
ponents are in the focus of an energy-efficient design. The
so-called envelope surface A separates the heated inner vol-
ume of the building from the outside space, from unheated
building parts or from the soil. It covers both the transparent
and the opaque areas of a facade, roof, etc. The heat trans-
mission trough an external componentisdescribed by its U-
value and indicates the potential heat that conducts through
the area of 1 m?at 1 Kelvin [K] temperature differencebe-
tween the out- and inside. The U-value of an external com-
ponent,multiplied by the area of the componentand the
temperature difference betweeninside and outside, gives the
potential heat flow to the outside.

Insulating materials have a low thermal conductivity A and
considerably reduce the component thickness as well as the
U-value. That is the reason why they are currently used for
upgrading the building envelopes when speaking abouten-
ergy efficiency.

For example pressed straw as insulation material hasa ther-
mal conductivity A of 0.055 W/mK and requires a thickness
of 41 ¢m to achieve a passive house-compatible U-value.
Vacuum insulated panels (VIPs) with A around 0.002 W/mK
reach the same U-value with a layer of 1.5 cm. The compari-
son of U-values and the subsequent choice of the construc-
tion are decisive criteria for the creation of energy-efficient

buildings and thus also for a sustainable architecture.

© EXAMPLES (CASE STUDYA)

Influence on lnvestment Costs: €
Influence on Follow-up Costs: €€€
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© CO-BENEFITS
Comfort

O CONFLICT OF AIM WITH OTHER
ACTIONS

o

o

Knowledge on appropriate constructionsis necessary to
avoid thermal bridges and all related challenges, to apply
airtight junctions and durable insulation etc.

Insulation investments currently have a long payback
time due to low energy costs

In some aases insulation measures fail because of lacking
space to theadjacent plot

© STANDARDS AND REGULATIONS

@)

National building codes stipulate limit values for spe-
dfic building components.

Indirectlya lot of voluntary green building rating sys-
tems like LEED supportlow U-values by setting enetgy
demand targets. Papers and Regulatons: http:// eceu-
ropa.cu/environment/ gpp/pdf/thermal_insula-

tion_ GPP_product_sheet.pdf,

https:/ /www.eutima.org/regulatory/eu-legislation/di-
rectives.html

© MAIN DRIVER

Owners

(@ INVOLVED STAKEHOLDERS

Planners, Munidpalities, Authorities

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

o

Various U-value and Psi-value calaulators ate available
online!

It is recommended to search for advice dedding on ap-
propriate insulation technologies - there are a lot of en-
etgy agendes in the EU: https://wwwmanagen-
etgy.net/ managenergy-agendes

Brochures, giving advice on insulation topicand mateti-
als are also available on Europeanlevel: https://www.ca-
etics.eu/ files/ dokumente-eae/ 5_Publications/ Bro-
chures/Budch_Waermedaemmung_engl.pdf (statement
on why thermal insulation is necessary and answers to
different
ropa.eu/repositoty/ bit

stream / JRC108692/kjna28816enn_final. pdf (actual
market overview), https://www.klimaaktiv.at/emeu-

daims), http:/ /publiations.jrceceu-

erbare/na-

waro_markt/daemmstoffe/ daemmstoffbroschuere.htm
1 (German brochure of different insulation materials and
their characteristics) ...

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

@)

Qualitative goals could be the application of more re-
newable materials like straw, cork, cellulose, or new



© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

Insulation measures raise theindoor comfort. The ded-

sion on the construction and the insulation materials for

the external building components is audal in a very

early planning stage - it has a very high influence on:

o the dedsion of the heating system ind. the energy
sources and heat dissipation

o theenergy consumption during operation

technologies like prefabricated curtain walls with inte-
grated insulation also for retrofit of buildings.
o Quantitative goals could belimit U-values like:

High: U-values of the windows < 0.8 W/m?K, walls < 0.12
W/m?K, upper ceiling < 0.1 W/m?K and ground ciling <
0.2 W/mK

Medium: U-values of thewindows < 1.0 W/m?K, walls <
0.2 W/mZK, upper ceiling < 0.2 W/m?2Kand ground ceiling
<0.4W/m?K

Low: U-values should at least follow national building
odes/ standards

REFERENCES USED

see abovel!



action: Efficient Space Design
LiFe cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION

The purpose of an effident space design is to identify
thoseaspects that contribute to reach the highest func-
tionality from a given space. The key aspects are the re-
duction of exceeding space (e.g. rethinking of abase-
ment), the definition of the space/building function,
the design ofa balanced proportion between the used
area and thebuilt area, the definition of theuse of the
spaces according to the context, the orientation and
the Window to Wall Ratio of the envelope.

© EXAMPLES (CASE STUDYA)

Influence on lnvestment Costs: €€€
Influence on Follow -up Costs: €

A
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© CO-BENEFITS

Resource Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

O IMPORTANCE

o Aneffident space design can lead to lower building
and maintenance costs

o Positive effects on working (or studying) environ-
ment in non-residential buildings

o  High energy saving potential exploiting the bound-
aries: orientation to maximize the solar gains dusing
winter and to minimize them during summer

@ DIFFICULTY

Building function can vary duting the life-span. Space effi-
dency does not generally have high priority on the agendain
most building projects.

© STANDARDS AND REGULATIONS

There are no standards or regulation on this matter.

© MAIN DRIVER

Owners

(@ INVOLVED STAKEHOLDERS

Planners, Tenants/users

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

As a first step it is important to know the building context
(boundaties, irradiance and potential shadows) in order to de-
fine the main use of the spaces acordingly. Once the concept
design has been defined, itis important to have a rational ap-
proach to set-up the right spaces for the functions, and to
reduce the un-necessary spaces.

Example: Cornell Climate Action Plan of the Cornell Univer-
sity set up a Space Planning and Management plan. Soure
http:/ /www.sustainablecam pus.cornell.edu/initia-

tives/ space-planning-and-management.

@ SPECIFICATIONS (QUALITY/QUANTITY
GOAL)

Qualitative goals could be: maximize the usable space on the
footprint, define the use of spaces according to the orienta-
tion and to the Window to Wall Ratio of the zones
Quantitative goal could be: to reduce the S/ V ratio (see ac-
tion Planning 02)

High: Have a dear plan of the space design considering en-
ergy relevant the building
Medium: Have a the space design
Low: Have no plan of the space design and building fune

zoning of

plan of

tionality
REFERENCES USED

knowledge from own projects



acTion: Flexibility & Adaptability
LiFe cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION

The coneept of flexibility & adaptability refers to the
possibility to make changes quidkly and with relatively
little effort or cost.

In publicbuildings, adaptability can be assodated, for
example, with major changes in ocupancy, usage or
services.

Flexibilityis related to the configuration of working ar-
eas.

© EXAMPLES (CASE STUDYA)

Influence on Investment Costs: [7]
Influence on Follow-up Costs: [][]
Co-Benefits: Resource Savings
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© CO-BENEFITS
Value Development

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

Changes in the configuration can be done without having
strong consequences on comfort and technical systems' effi-
dengy.

© DIFFICULTY

Major challenges arise during the planning phase. A bigger
effort is required.

© STANDARDS AND REGULATIONS

No standards or regulations are available.

© MAIN DRIVER

Owners

(@ INVOLVED STAKEHOLDERS

Planners, Tenants/users

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

High: The building is 100% flexible and adaptable to other
functions and occupangy

Medium: 50% of the building's area is flexible and adapta-

ble to other functions and occupancy

Low: The building is hardly or only with high costs flexible

and adaptable to other functions and occupancy,

REFERENCES USED

Geraedts, R.P., 2001 "UPGRADING THE FLEXIBIIL-
ITY OF BUILDINGS”. Delft University of Technology,
Faaulty of Architecture.



acTioN: Optimize Solar Gains / Solar Control
LiFe cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION

To take advantage of solar energy passivelyin the de-
sign of structures many criteria, such as e.g. the orien-
tation of the building, the proportion of glass in the fa-
cde and the materiality of the building are playing a
role. The size and the positioning, and espedally the
orientation of the window surfaces are particularly im-
portant for passive solar energy use.

Another aiterion that must be taken into account
when optimizingheat gains is the summer heat protec-
tion. Particular attention must be paid for the heating
season, espedally for non-residential buildings. Sum-
merloads and coling requirements of the building
mustalso be considered.

Basically, it should be remembered that the sun ocaurs
at steeperand shallower angles, dependingon the sea-
son, and thus permeates more orless deep into the
building, Also variableis the durationof sunshine and
the radiation intensity, which is also influenced by the

douds.

© EXAMPLES (CASE STUDYA)

Influence on lnvestment Costs: [
Co-Benefits: Comfort
Summer

Sun

Winter
Vi

Sun
Control

L Mass

© CO-BENEFITS

user satisfaction

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

@ IMPORTANCE
Optimally used passive solar systems can reduce the heating
and coling demand by 30 to 50%.

@ DIFFICULTY
Spedfic knowledgeis necessaty to aeate a good balance be-
tween passive heating and cooling measures over the year.

@ STANDARDS AND REGULATIONS

The passive-house standards descaribed at http://pas-
sivehouse.com/02_informations/02_passive-house-require-
ments/02_passive-house-requirements.htm will give alot of
hints for the topic

© MAIN DRIVER

Owners

(@ INVOLVED STAKEHOLDERS

Planners, Authorities

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

During the planning phase, a detailed modeling or simulation
of solar gains willlead to a high optimization of heating and
ooling systems.

The passive-house characteristics are developed to cover the
topic,

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

High: A building which does not need heating energyon a
sunnywinter day or cooling on a hot summer day
Medium: A building which onlyneeds few heating energy
on a sunny winter dayand no cooling on ahot summer day
Low: A building which needs alot ofheating energyon a
sunnywinter dayand cooling energy on a hot summer day

REFERENCES USED

see source above



acTioN: Improve Daylight Factor
LiFe cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION

Natural light is available depending on weather, day
and season in quite different illuminancelevels and
fluctuates between 5,000 lux in winter up to 20,000 lux
in summer. Daylight visually has the advantage that it
contains all the spectral colors compared to artifidal
light. The change in light intensity and light color gives
peoplea senseof the time of the day and the season, as
well as continuous subconsdous informationabout the
outside dimate. It stimulates the human metabolism,
the formation of vitamins and the hormonal balance,
as well as stimulates the soul through beautiful impres-
sions such as a sunset, arainbow orastormy sky.

The Daylight Factor is a ratio that represents the
amountofillumination available indoofts, relative to
theillumination present outdoors at the same time un-
der overast sky.

Sun protection systemsdetermine the appearance of
buildings and give architects extensive and differenti-
ated freedom of design. The market today offers a
multitude of shadingelements and concept variants
that range from dassic systems such as sunblinds, roof
projections and blindsto products such as electro-
chromicand thermochromicglass or holographicopti-
al elements.

© EXAMPLES (CASE STUDYA)

Influence on Investment Costs: [
Influence on Follow-up Costs: [7]

Co-Benefits: Comfort
20%

40%

© CO-BENEFITS

Comfort

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

REFERENCES USED

see standards above

(G IMPORTANCE

o Daylight significantlyim proves our health and wellbang,
makes us more productiveand has a positiveimpac on
the environment and business costs.

o Interms ofsustainable planning, daylight has a dear ad-
vantage com pared to artifidal light.

0 DIFFICULTY

o Daylight deprivation in buildings has been shown to
have hugely damaging consequences.

o  Artifidal light requires electrical energy and the heat in-
put with bulbs is significantly higher than with daylight.

o Prediction of illumination, planning knowledge

9 STANDARDS AND REGULATIONS

o Building Code (or Building Regulation) requirements
assodated with ensuring adequate daylight have been
introduced

o IS0 8995:2002 Lighting of indoor work places

o EN12464-1:2002 Light and lighting— Lighting of wo1k
places — Part 1: Indoorwork

o  BS 8206-2 Lighting for buildings. Part 2: code of prac-
tice for daylighting

9 MAIN DRIVER

Planners

(@ INVOLVED STAKEHOLDERS

Sodety, Owners

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Daylight simulation:

Through a daylight simulation, the building can be optimized
and the power consumption of artifidal light can be signifi-
antly reduced. The result of this simulation s the distribution
of illuminance in the room. It can u.a. examine the daylight
distribution, the luminance, the effidency of shading and light
steering systems and the optimal interaction of artifidal light
and daylight. Through the predse calaulation of the light
beams sunscreen systems and light guide elements can be
modeled.

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

High: Daylight Factor of over 5% in average of indoor
rooms

Medium: Daylight Factor of over 3% in average of indoor
rooms

Low: Daylight Factor below 3% in average of indoorrooms



action: Energy performance Calculation
LiFe cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION

Energy performance calaalation of the building is con-

ducted, thanks to a calaalation tool or simulation, dut-

ing the planning phase to estimate the annual energy
demand for space heating, coling, electridty and do-
mestichot watet.

The main featutes of the calaulation method are pro-

vided by the European technical standard ISO

13790:2008 that indudes:

o theheat losses by transmission and ventilatonof
the building when heated or coled to constantin-
ternal tem perature;

o thecontribution ofinternal and solar heat gains to
the building heat balance;

o theannual energydemand forheating and cooling
to maintain the spedfied set-pointtem peratures in
thebuilding —latent heat notinduded.

Nevertheless, each country identified its own spedfid-

ties in the calaulation, defining spedfic boundaries, tar-

gets and energy performance dasses tailored to the na-
tional context (See D2.1 Report on National Imple-
mentationof nZEBs).

@ EXAMPLES (CASE STUDY A)

Influence on Follow-up Costs: [1[]
Co-Benefits: Increased Rentabiliy

e

© CO-BENEFITS
Energy Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

@ IMPORTANCE

An acaurate energy performance calaulation in the
planning phase can lead to the adoptionof the best de-
sign choices, from the energy effidency point of view.
Moreover, a positiveimpact on the real estate market
has been recorded in countties with along tradition of
EPC.

@ DIFFICULTY

o  Spedal knowledgeis needed to calaulate the energy pet-
formance

o Thevalues from calaulation can vaty in a big range due
to user influence and quality of the implemented con-
struction and buildingservices system

@ STANDARDS AND REGULATIONS

ISO 13790:2008: Energy performance of buildings - Calcula-

tion of energy use for space heating and coling.

Energy Performance in Buildings Directive (EPBD 2010)

and actual amendments (2016).

© MAIN DRIVER

Authorities

(@ INVOLVED STAKEHOLDERS

Sodety, Planners

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

The thermal building simulation provides information on the
cooling or heating power and the room tem peratures that are
set. For this purpose, the room or the buildingis modeled in
the softwareused. In order to obtain meaningful results, the
alalation model must correspond as dosely as possible to
thelater building.

The dimate data for the location are necessaty for both the
outside temperature and for the diffuse and direct sunlight.
Theuseof the building spedfies the necessary room tem pet-
atures and theinternal heatloads. The building geometty and
the component properties are needed for dimensioning the
heatloss and storage. For theindividual rooms, heat balancs
are compiled for the observation period in which all incoming
and outgoing heat flowsare reccived and forwhich an average
air temperatureis calaulated. As a result, the thermal building
simulation provides temperatute profiles, temporal profiles of
the heating and oling power requirements and the heat
storage processes.

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

High: The building's energy performance is known by ther-
mal building simulation

Medium: The building's energy petformance is known bya
simple certifiation tool or PHPP

Low: The building's energy petformance is only estimated
by comparison with similar ones

REFERENCES USED

see standards above



AcTION: Natural Ventilation
LiFe cYCLE PHASE: PLANNING

o DESCRIPTION OF THE ACTION

Natural ventilation is the process of supplyingait to
and removing air from an indoor space without using
mechanical systems. It refers to the flow of external air
to an indoor spaceas a result of pressure differences
arising from natural forces. This natural ventilation of
buildings depends on dimate, building designand hu-
man behavior.

There are basially two types of natural ventilation that
an beemployed in a building: wind driven ventilation
and stack ventilation. Both of which are caused by nat-
urally occurring pressure differences. However, the
pressure differences that causes wind driven ventilation
uses the natural forces of the wind whereas stadk venti-
lation is caused by pressures generated by buoyancyas
a resultin the differences in temperature and humidity.
Hence, there are different strategies in the optimization
of the two types of natural ventilation.

Factors directly influendng the airflow through open-

ings:

o  Wind speed and pressure

o Buoyangy (stack) pressure (interior tem perature
and humidity differences)

o  Charactetistics of openings ("effectiveness")

o Effective area of multiple openings

Indoor EnvirtonmentConsiderations /Requitements:
o Thermal Comfort
o IndoorAir Quality

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: [[][]
Co-Benefits: User Accaptance

i

Ventilation

&

Cross Ventilation

Stack Ventilation

© CO-BENEFITS

Comfort

O CONFLICT OF AIM WITH OTHER
ACTIONS

@ DIFFICULTY

o Oalyin few cases natural ventilation is suffident for es-
tablishing highindoor air quality

o Itisverydifficult to plan and calculate suffidently dimen-
sioned natural ventilation systems, becauseitis depend-
enton so many parameters

@ STANDARDS AND REGULATIONS

o ASHRAE Standard 55 or ISO 7730 (thermal com fort)

o ASHRAE 62.1and 62.20r EN15242 / EN 13779 (ven-
tilation rates, contaminant levels)

o New standardization projects for natural ventilation
started in 2017 in the groups CEN/TC 156 (Ventilaton
for buildings) and ISO/'TC 205 (Buildingdesign)

9 MAIN DRIVER

Stakeholder A

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Computational Fluid Dynamics (CFD):

To be able to evaluate thermal com fort and indoor air quality
CFD is often required.

Thebuilding flow simulation simulates the air exchange of the
individual rooms or the flow through the building. The result
is the pressure differences and volume flows of the intercon-
nected rooms. Espedally with natural ventilation concepts,
flow simulations are an important instrument to prove the
functionality of the concept.

Software: iDbuild (http:/ /www.idbuild.dk/ for free, but re-
sults for only oneroom), Flovent, Fluent, ...

The calanlation of theair flow rate can be donebyusing the
methods described in the artide by Yang T. and Clements-
CroomeD.]J.: "Natural Ventilaton natural ventilationin Built
Environment", accessed at 18th May 2018

( SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

To besureto havea good indoor air quality, thermal com fort
and low energy consumption for ensuring the ventilation
quality, amonitoringof the energy and ventilation related val-
ues is necessary. Atleast CO2-concentration, air change rate,
temperature, rel. humidity and energy consumption shouldbe
measured.

High: Natural ventilation system guarantees IDA I to I11 of
EN 13779

Medium: Natural ventilation system guarantees IDA I11-IV
of EN 13779

Low: Natural ventilation system does not guarantee any
standard



© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

o

Natural ventilation can support mechanical venti-
lation systems to inarease theindoor air quality
and to col thebuilding by nightand free cooling
It helps saving operating costs of the mechanical
ventilation system by offering betterindoor air
quality

REFERENCES USED

http:/ /gbtech.emsd.govhk/english /utilize/natural html, ac-
aessed on 17th May 2018; http:/ /www.pas-

sivent.com / doss-flow-and-passive-stadk-ventilation, ac-
aessed on 17th May 2018; https:/ /www.wbdg.otg/re-
sources/natural-ventilation, accessed on 18th May 2018, and
see abovel!



acTioN: Cooling Strategies
LiFe cYCLE PHASE: PLANNING

o DESCRIPTION OF THE ACTION

The main heat flows into a buildingare:

o conduction through the buiding envelope

o ventilation (windows, doors)

o unintended infiltration (leakages)

o  solarheat gains through transparent components
(windows)

o internal heat generation (persons, appliances)

Preventing these heat gains means preventing from

overheating.

Cooling is necessary if the heat gains within the build-

ing significantly exceed theheatlosses. To avoid over-

heating and hold thermal comfort passive and active

ooling measures can be taken.

Passive Cooling:

o Natural ventilation (free / night ventilation)

o Adivation of thermal mass

o  Evaporative Cooling

o Others (shading, reflective surfaces, insulation,
green roofs)

Adtive Cooling:

o Open or dosed loop water-to-air heat exchanger

0  Mechanial, orforced ventilation, driven by fans

o Use of chilled water or refrigerants

o Evaporative woling and Ice storage

© EXAMPLES (CASE STUDYA)

Influence on lnvestment Costs: []
Influence on Follow-up Costs: 7]

Co-Benefits: Comfort

e CO-BENEFITS
Energy Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
2.4,2.9,2.10

REFERENCES USED

see standards above

@ IMPORTANCE

o Building design with integrated passive cooling
measures prevents buildings from bad summer comfoit
and eventual costs.

o InEuropean dimateitis normally not necessary to ap-
ply active cooling, except spedfic functionality of the
buildingrequires cooling.

0 DIFFICULTY

o Theladk ofexperienced planners and architects is a chal-
lenge when integrating passive coling into design

o  Similar to natural ventilation it is not simple to calculate
the right coling demand or hours with tem peratures
outside the comfort band.

© STANDARDS AND REGULATIONS

o ASHRAE Standard 62.1, Ventilation for Aceptable In-
door Air Quality

o ENISO52016-1:2018 02 01

o IS0 52016-1:2017: Spedfies calaulation methods for
theassessment of e.g. the sensible heating and coling
load, based on houtly calaulations

o EN15251:2007 and Austrian standard B 8180 - 3

9 MAIN DRIVER

Stakeholder C

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

All building modeling tools like TRNSYS, enetgy plus, Ida Ie
are able to model coling demand.

Following the former German standard DIN 1946-2, a qual-
itative approach would be to limit the overheating hours, with
an operative indoot temperature above 26°C, by 10% of
working hours perday.

To descibe the thermal comfort band best, the adaptive
model following EN 15251 fits best:

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

The thermal com fort in summer could be quantified accord-
ing to the European standard EN 15251 (see below). If these
temperature bands cannot be reached by a curtain building,
an active cooling strategy is necessary and related to more
technological effort both simulationand appliances.

High: Operativeindoor temperature between 23.5 - 25.5 °C
Medium: Operative indoor temperature between 23 - 26 °C
Low: Operative indoor tem perature between 22 - 27 °C



acTioN: Renewable Energy - Solar Thermal Systems
LiFe cycLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION

Theuse of solar thermal systems for domesticwater and
heating supportis a simple and effective way of renew-
able heat generation. The system technologyis ata very
high level of development - the need for maintenane
and the susceptibility to malfunction are low. Two dif-
ferent solar thermal collector systems are used: the flat
collector with absorberand transparent cover as a low-
st solution and the vaaaum tube cllector where the
absorberis evacuated in a (vacuum) glass tube to redue
heat losses. For high-temperature requirements (indus-
trial and commerdal) and with limited space on build-
ings, thelatter can be an advantage.

Formeteorological reasons, a big solar thermal collector
area induding big buffer storage tank would be needed
to cover the whole heat consumption during the Euro-
pean heating season. Depending on the size of the sys-
tem and the energy-effidency standard of the building,
around 70% of the heating demand for domestic hot
water and around 10 to 50% for the space heating can
be achieved. Itis important to think of how to use a
possible solar surplus duting the summer months in the
planning phase. Itis advisable to store the solar thermal
heat in the heating storage tank. The domestichot water
preparation could be doneby a fresh water supply sys-
tem using the heat of the storage tank via an external
heat exchanger. In this ase, a combination with the
space heating can be made relatively easy.

© EXAMPLES (CASE STUDYA)

Influence on lavestiment Costs: [7]
Influence on Follow-up Costs: ][]
Co -Benefits: Energy Autonomy

Heating/
, Collector
Dowmestic Hot Water
Boiler |o o Pump

1

Storage

© CO-BENEFITS

Resource Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

REFERENCES USED
internal studies of AEE INTEC, standards - see above

G IMPORTANCE

o  Supports the heatingsystem in repladng fossil fuels by
renewable heat decentrally.

o  Solar thermal systemswork with a relatively high effi-
dengy in relation to PV, and run with low costs.

@ DIFFICULTY

o  Theinvestments costs are high related to other heating systems
because of storage tank and backup heating system.

O  Evenifthe effectiveness of solar thermal systems is higher than
the one of PV - electricity can be used for more than "only"

heating and so PV is more popular installed.

9 STANDARDS AND REGULATIONS

o ISO9806:2017(en): Solar energy - Solar thermal collec
tors - Test methods, and many more ISO standardsun-
der thedirect responsibility of ISO/TC 180

o EN12975: Thermal solar systems and components -
Solar collectors

o ThelEA Solar Heating & Cooling Program offers alot
of different publications, tools and project results at
https:/ /www.iea-shcorg/

© MAIN DRIVER

Stakeholder B

@ INVOLVED STAKEHOLDERS
Stakeholder E

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

The technology is very simple: A solar thermal collector (panel), fac-
ing the sun, contains a dark absorber-sheet where heat water pipes
are mounted. The collector is insulated underneath the sheet. Fluid
circulates through these pipes by a low-energy pump and delivers
heat to a water storage tank. When pre-fed with the solar hot water,
the boiler or water heater is either notactivated, or activated for less

time than if there were no solar hot water system.

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

The performance of a solar thermal systems can be qualita-
tively planned in two ways: First, one can try to install a big
collector area of up to 20 or 30 m? to increase the absolute
amountofrenewable energy, second one can optimize the
spedfic performance per m?which would mean to reduce
the collector area to an economicoptimum of

High: Spedfic performance ofa solar thermal system > 320
kWh/m?a

Medium: Spedfic performance of a solar thermal system
250 - 320kWh/m?2a

Low: Spedfic performance of a solar thermal system < 250
kWh/m?a



acTioN: Renewable Energy - Photovoltaics
LiFe cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION
Photovoltaicsolar panels, each com ptising anumber
of solar cells, transform direct and diffused sunlight
into electrical energy or "solar power". For solar power
generation either grid-connected systems that are de-
signed fora moderate year-round operation orisland
solutions, whose dimensioning is based on assumption
of peakload and battery storage, are used:

Solitary operation:

1f thereis no gtid connection, memory components
are required for an independentoperation. Thismakes
economicsenseif the installation of a grid connection
would cost more than the PV installation, e.g. in the
ase of parking ticket or dgarette machines, display
panels, congestion sensors or agricultural applications
such as electric fences, irrigations, etc. The operation
of larger units as buildings with an electrical consump-
tion around 4,000 kWh/ais very expensive and there-
fore useful onlyin spedal cases such as alpine huts.

Grid-connected operation:

In grid-parallel operation the electridty generated from
photovoltaicsystems passes directly - i.e. withoutinter
mediate storage via batteries - into the ACinstallation
of theassodated house. An inverter converts the DC
voltageinto a230 V ACvoltage and into thehousein-
stallation. The solar poweris consumed in the house-
hold itself or fed as surplus into the grid of thelocal
utility.

© EXAMPLES (CASE STUDYA)

Influence on Investiment Costs: [7]
Influence on Follow-up Costs: ][]
Co-Benefits: Energy Autonomy

PV Module

o ol ari

Inverter Meter

© CO-BENEFITS

Rental Income

G IMPORTANCE

o Supports the electric energy system in repladng fossil
fuels by renewable power - espedally in synergy with
wind power

o Theinvestment costs of the PV modules decreased rap-
idly during thelast years, even new business models like
communal PV-plants helped to make them economical
interesting

@ DIFFICULTY

o In winter time, when the most electridty is consumed,
PV-modules yield much less energy than during the
sunny season

o The PV-modules run with a relatively low effidency re-

lated to what the solar radiation would offer per m? - ra-
tio 1:10

© STANDARDS AND REGULATIONS

@)

Publications of different standardization organisations
like IEC Technical Committee TC 82:

http:/ /www.pvresoutces.com /en/standards /stand-
ards.php

EN 61215 - Crystalline silicon terrestrial photovoltaic
(PV) modules - Design qualification and type approval
(IEC61215:2005)

Different regional regulations control theuse of PV-
power (e.g. issues regarding commerdal law when sell-

ing power to the market).

© MAIN DRIVER

Sodety

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL
In the technical design of the photovoltaicsystem, the follow-

ingaspects have to be considered:

o

Orientation towards the sky: the maximum annual solar
radiation only results from south otientation, 28 ° indi-
nation and freedom from shadows.

Peak power: Each kWp has to be roughly calaulated with
a photovoltaicgeneratorarea of 10 m2.

Integration into the existing electrical installation: A sec-
ond meter (ora new spedal meter), additional cables, an
inverterand the photovoltaicgenerator on the roof have
to be installed.



O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

REFERENCES USED

Watranties at https:/ /www.solarpowet-
wotldonline.com/2017/01/life-expectancy-solat-at-
ray/, accessed at 24th May 2018; standards - see above

(® SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

A very effective way of quality assurance for PV-systems
oould be the promised watranties. The warranty conditions
for PV panels typically guarantee that panels can still pro-
duce at least 80% of theirinitial rated peak outputafter 20
(or sometimes 25) years. So manufactures expect that their
panels last at least 20 years, and that the effidency decreases
by no more than 1% per year. Rating:

High: The warranties for the performance of the panels are
given for 25 years, together with 10 years for the inverter
Medium: The warranties for the performance of the panels
are given for 20 years, together with 5 years for theinverter
Low: The warranties for the performance of the panels are
given for 15 years, together with 2 years for the inverter



AcTION: Mechanical Ventilation
LiFe cYCLE PHASE: PLANNING

o DESCRIPTION OF THE ACTION
Suffident ventilation is dudal for receiving high in-
doorair quality. In energy-effident buildingsnobody
wants to have uncontrolled air infiltration by leakages
in the construction. So thereis a need of an airtight
buildingenvelope. The air change then has to be done
by a mechanical ventilation system since the minimum
hygienicair change can’t be ensured solely by window,
i.e. natural ventilation. The combination oflow ventila-
tion rate and thermal bridges in the constructionin-
areases therisk of mould growth.

So controlled mechanical ventilation can either be
doneby central exhaust or central balanced (supply
and exhaust) ventilation systems. Thelatter uses differ-
ent technologies of heat recovery: Crossflow heat ex-
changer with heat recovery (partially also moisture re-
covery) orrotary heat exchanger with moisture and
heat recovery. Both exhaustand balanced ventilation

can also be planned as decentralized systems.

A heat exchanger preheats the cold outsideair by the
warm air from theinside and suppliesthis preheated
fresh air to theliving rooms and bedrooms. By recov-
ering the heat of the ventilation system the energy
losses are highly reduced (up to 90% - around 150 -
200 liters of oil equivalent perhousehold). The neces-
sary space must be planned for the correspondingunits
and pipework.

Thededsion for a ventilation system has to be made
beause of the comfortincrease, not the energy sav-

ings.
9 EXAMPLES (CASE STUDYA)

Influence on Investiment Costs: []
Influence on Follow-up Costs: [][]
Co-Benefits: Comfort

. I,

© CO-BENEFITS

Comfort

@ IMPORTANCE

Theindoorair quality can be increased effidently by me-
chanicl ventilation - so the CO2-concentration in the in-
doorair an be held around or even below 1000 ppm. CO2
is an indicator for polluted air, so if the concentration is low,
also most ofthe other pollutants remain at alowerlevel.

@ DIFFICULTY

o Theinvestmentcsts of amechanical ventilation system,
although "well invested money", are the most citical in
almost all construction projects - at least for residential
buildings, the owners often daim high costs

o The running costs, induding the ones for operation and
filters, are also often part of aitidsm

© STANDARDS AND REGULATIONS

Various technical standards are known around Indoor Air
Quality and ventilation system spedfications (units, ducts,
fire dampers etc.) like ISO 16814:2008 "Building environ-
ment design - Indoor air quality - Methods of expressing the
quality of indoorair forhuman ocupang”, standard ISO
7730, standards EN 13779 and EN 15251

© MAIN DRIVER

Planner

(@ INVOLVED STAKEHOLDERS

Owners

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

Ventilation should be controlled and have the capadty to ad-
dress peak loads during the day and allow nighttime ventila-
tion. Mechanical ventilation systems and hybtid systems are
to be considered as adequate ventilation solutions. The sys-
tem an be controlled by CO2- or VOC-sensorsorany other
relevant sensors indicating the demand, it should be noise and
vibration isolated and secure properintake and exhaust avoid-
ing cross-contamination.

Hybrid systems combine the mechanical system desaibed
above, which is using mechanical forces to draw the air, with
the system that is using natural forces of wind and pressure
difference. Hybrid systems allow redudng operation and
maintenance costs but require that the ambient airis of a high
quality. Both systems can be used for achieving nighttime
ventilation that allows to increase the airflow to remove the
accumulated heat once the temperature difference between
outdoorand indoor air >3K.



O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
2,1

REFERENCES USED
see standards above and standards atalogue on "Ven-
tilation and air-conditioning systems" at

https:/ /www.iso.org/ics/91.140.30/x/

(® SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

To be sure to have a good indoor air quality, thermal com-
fort and low energy consumption for ensuring the ventila-
tion quality, amonitoring of the energy and ventilation re-
lated values is necessary. Atleast CO2-concentration, air
change rate, temperature, rel. humidity and energy consump-
tion should be measured.

High: Ventilation system guarantees IDAT and I of EN
13779

Medium: Ventilation system guarantees IDA IITof EN
13779

Low: Ventilation system guarantees IDA IV of EN 13779

AcTioN: Domestic Hot Water
LiFe cYCLE PHASE: PLANNING

@ DESCRIPTION OF THE ACTION

The energy demand for domestichot water heating can
reach aitical values in nZEB. This is because both the
built construction componentsand the heating systems
are effidently planned but thedomestichot water de-
mand depends strongly on the residents - and theyare
hardly predictable. So thereis a need for a careful plan-
ning of the domesticwater supply system, e.g. ifitis
supplied by the overall heating system or separately by
electridty or partly by renewable energy like solar ther-
mal orheat pumpetc

Itis worth to think about the distribution and supply
system very early. Questionslike should extra pipes
supplyhot water storage tanks in every single flat, or
should a central storage deliver heat permanently bya
drauilatory system orshouldhotwater onlybe sup-
plied decentralized pereach flat maybe darified in the
planning stage. The dedsion on that influences the di-
mensioningof the energy supplyand heating system as
well as space and load requirements.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: []
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© CO-BENEFITS

Energy savings

© STANDARDS AND REGULATIONS

o DIN 1988-300:2012 and DIN 1988-3; NBN EN 806-3;
EN 806 und EN 246; EN 12828: 2014

o Buropean Technical Guidelines for the Prevention,
Controland Investigation, of Infections Caused by Le-
gionellaspedes, June 2017 by The European Guiddines
Working Group

© MAIN DRIVER

Planner

(@ INVOLVED STAKEHOLDERS

Owners

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

There are mainly two systems used to supply domestic hot
water: Instantaneous water heaters with heat exchanger or
storage and charge systems with tanks.

Instantaneous water heaters with heat exchanger provide hot
water decentralized at that place where it is needed (flat,
room, spedfic application) and only on demand. When a hot
water tap is turned on, cold water travels through a pipe into
the heat exchanger in the unit. The cold wateris heated in the
heat exchanger via district heating water or another water-
borneheat source.

Another way of offering domestichot water is a draulation
line where a heat exchanger is placed centrally supplying hot
water constantly to this draulation line which runs through
the whole building, From this line every flat is supplied
quickly when a hot water tap is turned on. As a result, the
dreulation line delivers a constant supply of hot water.

The storage and charge systems use storage tanks to store
domestichot water mostly fed bya solar thermal or other
renewable heating system withlegionella growth prevention
e.g. through thermal disinfection. Likein the case ofa



O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

o A moderateuse of domestichot water could save
alotof energy as well as money. In nZEB theen-
ergy demand for domestichot water can reach
highervalues than for the heating energy demand

o Itis important to dedde fora suitable water heat-
ing system very early in the planning stage

@ DIFFICULTY

o There is a lack of knowledge and often unwilling-
ness to install energy and water saving technologies
by the professional companies regarding domestic
hot water systems.

o Itisvery hard to predictand calculate domestichot
water consumption foraspedfic building - detailed
knowledge on the future users would be necessary.

decentral heat exchanger and in contrast to the draulation
line, stoted hot water needs motre time to reach the valves,
but theadvantageis the flexible use of energy sources.

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

The qualitative goals of lower energy demand for domestic
hot waterare to reduce the baths in favour of showers and
at the same time use water-saving valves wherever possible.
Qualitatively, following limit values could be targeted:
High: Final energy consumption for domestichot water
ranges below 500 kWh/ person.a

Medium: Final energy consumption for domestichot watet
ranges from 500-700 kWh/person.a

Low: Final enetgy consum ption for domestichot water
ranges above 700 kWh/person.a

REFERENCES USED

own projectinformation

action: Plugloads and internal gains
LiFE cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION
Internal heat gains from ocaupants, equipment and
lighting can have a high impact on the energy demand
of a building. In particularin a nZEB, where the en-
ergy demand is verylow, a correct estimationofthe
gains can lead to a significant increase of the design ef-
fectiveness. In particular, during the design phase, it is
importantto dassifyall the potentialloads: occupants,
lighting, equipment and ICT devices, and to assign the
correspondent gain. The gains correspondto areduc
tion of the heating energy demand duting winter, hav-
ing a positive effect on the building performance and,
on theotherhand, they contribute to theload to be re-
duced during summer.

© EXAMPLES (CASE STUDYA)

@ IMPORTANCE

In non-residential buildings internal gains strongly affect the
heating demandin winter. In the same way these play an im-
portant rolein summer. A proper estimation of their entity
an lead to relevant savings in winter and avoid overheating
in summet.

© DIFFICULTY

o Correct appraisalin the planning phase

o Variable during thelife span of a building, due to build-
inglayout or function change

9 STANDARDS AND REGULATIONS
ASHRAE: Method of Test for Determining Heat Gain of
Office Equipment Used in Buildings
(https://www.ashrae.org/about/ news/2015/new-ashrae-
standard-provides-method-of-test-on-determining-heat-gain-
of-office-equipment)

© MAIN DRIVER

Planner

(@ INVOLVED STAKEHOLDERS

Owners



Influence on Follow-up Costs: []

Internal
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© CO-BENEFITS

Energy savings

e,

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

REFERENCES USED

own knowledge of measured objects

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Mainly calcalated within different calaulation (EPC, PHPP)
and simulation tools (dynamicthermal simulation).

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

High: Calaulation tool used in the planning phase mapsall
expected plugand internalloads

Medium: Calaulation toolusedin the planning phase maps
all internal loads by default values

Low: No spedfic mapping of plug and internal loads during

planning phase

AcTION: Storage facilities
LiFE cYCLE PHASE: PLANNING

@ DESCRIPTION OF THE ACTION

Themoreindependent abuilding owner orabuilding
complex ofa community or companywould like to be
from spedfic energy sources and external energy grids
the soonerinvestments in storage fadlities will be
made. They an foster both theresilience of a local en-
ergy system and the advantage to use energy sources
when theyare emlogically or finandally interesting. In
most cases they even help to become nZEB standard.

Different storage technologies are available - at the
moment the most cost effective ones are water storage
tanks for heating and pum ped-storage power plants for
electridty. But electro-chemical for power, chemical
storage technologies and big water storage basins with
hundredsof aibic meter for heating are evolving
quickly. For examplein Austria, known as one of the
countries with a high number of storage fadlities in
buildings, the mostinstalled storage fadlities are hot
water and heating buffer storage tanks withavolume
between 200 and 1000 liters.

Electric batteries, for which thelithium -ion battery s
themost ommononeat the moment,are currently

moreused to support photovoltaicsystems, still less

G IMPORTANCE

o  Storage fadlities of buildings increase the flexibility and
resilience ofa local energy system.

o  Storage technologies make the effident use of renewa-
ble energy sources possible, e.g. solar thermal technolo-
gies heat is produced during the dayand consumed
mostly during nighttime, the storage technologies are
the missinglink.

0 DIFFICULTY

o Like all additional omponents storage technologies in-
aease theinvestmentcosts of the building services.

o The use of storage technologies increases the energy

losses of the whole system.

© STANDARDS AND REGULATIONS

o REGULATION (EU) No 812/2013: enetgylabelling
of water heaters, hot water storage tanks and packages
of water heater and solar device

o REGULATION (EU) No 814/2013: ecodesign re-
quirements forwater heaters and hot water storage
tanks

o  Vartious standards on batteries from IEClike IEC
61960 for Li-ion, regulation on waste batteries and ac-
armulators



playing a rolein local load management of utilities and
bigger consumers. Butif the problem of short re-
sources for the batteries would be solved, they could
play a moreimportant role to help energy flexibility in
energy systems.

© EXAMPLES (CASE STUDYA)

Influence on Investment Costs: ][]
Influence on Follow-up Costs: [[]
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© CO-BENEFITS

Role Model / Pioneeting Role

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

REFERENCES USED

KemnaR., Van Elburg M.: Spedal review study on cat-
egotization: Clause 7(2) of Commission regulation
(EU) No. 814/2013 with regard to ecodesign requite-
ments for water heaters and hot water storage tanks.
FINALREPORT, prepared by VHK for the Euro-
pean Commission; 11 July2016; and see the sources
above, acessed at 28th May 2018

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Currentlya huge amount of moneyand activities run into the
development of storage technologies - both thermal and elec-
trical based - all over the wotld - see for example at
https:/ /www.tenewableenergywotld.com/energy-stot-
age/in-depth-technology.html

(® SPECIFICATIONS (QUALITY /QUANTITY
GOAL)

To inarease the energy flexibility future energy systems will
usedifferent storage fadlities of nZEB like bufferorhot
water storage tanks, as well as batteries and possible other
arising technologies. So usingstorage fadlities one could
learn about using alternative sources qualitatively; quantita-
tively different storage aapadties could be rated like:

High: Thermal storage > 0,6 kWh/m>GFA ot electrical
storage > 0,2 kWh/m>GFA

Medium: Thermal storage < 0,6 kWh/m>GFA or electrical
storage < 0,2 kWh/m?>GFA

Low: No storage fadlities except smalllikeundersink hot
water tanks or similar



aAcTioN: Construction Details - Heat Bridges
LiIFe cYcLE PHASE: PLANNING

o DESCRIPTION OF THE ACTION
Thermal bridges arelocalized areas in the heat-trans-
ferring envelope of a buildingwhere increased heat
flow occuts. This is assodated with lower inside sut-
face temperatures.
o0 Material-related thermal bridges
They ocur where different materials with dif
ferent thermal conductivity in the construc
tion meet
o  Geometry-related thermal bridges
They atise when thicknesses of abuilding el-
ement changes orat building edges and build-
ing corners
o0 Thermal bridges due to planning and execu-
tion errors
Theseare caused by leaks dueto poorly exe-
aited construction work

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: [7]
Co-Benefits: Comfort wall

(outside) (inside)

L Thermal Bridge

(_ - (Stab, Beam..3

€ CO-BENEFITS

Lower running costs through reduced heat loss; Fewer
defects; Reduced condensation; Improved comfort;
Reduced carbon emissions; Verification of build qual-
ity

e CONFLICT OF AIMWITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

(G IMPORTANCE

o Avoiding thermal bridging can result in decreased en-
ergy consumption due to winter heat loss and summer
heat gain

o Near thermal bridges, occupants may expetience ther-
mal discomfort due to different surface temperatures - a
second importantreason to avoid them

0 DIFFICULTY

o Dueto their partly significant impact on the heat trans-
fer, correctly modelling the thermal bridges is im portant
to estimate overall energy use

o Thereis arisk of condensation in the building envedope
due to the coler temperature on the interior surfae at
thermal bridge loaations which can ultimately result in
mould growth

e STANDARDS AND REGULATIONS

ISO 10211:2017 Thermal bridges in building construction --

Heat flows and surface temperatures -- Detailed calailations

© MAIN DRIVER
Stakeholder A

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Nowadays thermal bridges losses in building design (standard
or dynamic simulations) are generally evaluated using heat
transmission coeffidents from adatabase of usual cases.

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

High: Simulation of constructions, induding thermal
bridges

Medium: Detailing on the basis of already known standard-
ized details

Low: Minimum national standard

REFERENCES USED

see standard above



AcTION: Air tightness
LiFe cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION
Theairtightness of the building envelopeis an essential
elementin the design of energy-optimized buildings.
The airtight design requires a detailed planning, in the
later exeaution of a careful implementation and possi-
bly a qualitative final inspection. The production of the
airtightness of the buildingenvelope already begins
with the planning by means of an airtightness concept.
Justas with thermal insulation, the interruptions of
which by thermal bridges are avoided as far as possible,
theairtightness conaept ensures that the components
and connection joints are airtight. For the im plementa-
tion of the planning detailed drawings of the connec-
tion points are helpful.

For solid innerwalls, the airtightness is usually pro-
duced with theinterior plaster. For multi-layered
wooden structures, the airtight layer maybeinside the
wall.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: ][]
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© CO-BENEFITS

Lower running costs through reduced heat loss; Fewer
defects; Reduced condensation; Improved comfort;
Reduced carbon emissions; Vetification of build qual-
ity

e CONFLICT OF AIMWITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

o Airtightnessof the roof and building envelope prevents
damage caused by water vapour thatis transportedin
air gaps

o Ventilation systemswith supply and exhaust air duly
operate onlyif the building envelopeis suffidently air-

tight
o Airtightnessalso results in better sound protection
o DIFFICULTY

o The connecion joints between different materials or at
construction corners and edges are problematicin plan-
ning and exeaution

o  All employees and sub-contractors need to be suitably
trained / qualified to carty out airtightness of the con-
struction

o Design spedfications need spedal attention during con-
struction

@ STANDARDS AND REGULATIONS

ISO 9972:2015 Thermal performance of buildings -- Deter-

minationof air permeability of buildings -- Fan pressuriza-

tion method

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

Air leakage is a large source of wasted energyand can lead to
condensation-related moisture problems. The blower-door-
testing methodology utilizes a combination of varying the
building pressurization (50 Pa over- or negative pressure),
smoke testing and infrared thermography to identify air leak-
age paths. Combined with aalibrated door fans, air leakage an
be quantified.

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

High: n50 value has to be not higher than 0.4 h-1
Medium: n50 value has to be not higher than 0.6 h-1
Low: n50 value has to be not higher than 1.0 h-1
REFERENCES USED

own projects



actioN: Thermal Activated Building Elements
LIFE cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION
Thermal componentactivation or conarete core tem-
pering refers to heating or cooling systems in which
watet-bearing pipelines pass through walls, ceilings or
floors and use the thermal masses of these compo-
nents for temperature regulation.

Dueto the considerablylarger transmission surfaces
compared to conventional radiators, the systemsde-
liver significant power to the room even at low temper-
atures of the heating or cooling water (18° to 22°Cor
max. 27° to 29°C). Thus, it can be heated and woled
also with renewable energy at very low supply tempera-
turelevel.

© EXAMPLES (CASE STUDY A)

Influence on Follow-up Costs: [
Co-Benefits: Comfort

© CO-BENEFITS

Increases the effectiveness of renewables; Improved
comfort

O CONFLICT OF AIMWITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

REFERENCES USED

experience from own projects

(G IMPORTANCE

Because the power of the activated thermal mass is limited

dueto the small tem perature difference between the heating

or coling medium and the room tem perature these ele-

ments shouldnotbedad or suspended to ensure heat ex-

change with theroom.

0 DIFFICULTY

o Ifthe buildingis to be heated and woled exdusively by
means of conaete core temperature control, the archi-
tecture, building physics and technology must be opt-
mally cordinated and the heating and colingload con-
sistently limited

o Inbuildingswith concrete core activation, the room tem-
perature can not beadjusted individually or quickly

@ STANDARDS AND REGULATIONS

ISO 13370:2017 Thermal performance of buildings -- Heat

transfervia the ground -- Calculation methods

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

For the activation of construction elements the building an
bedivided into zones inorder to be able to temper the vatious
areas according to requirements. The zonesshould be differ
entiated according to orientation, floor, use or facade concep-
tion and should be regulated as required with varying flow
temperatures and at different loading times. Thermally acti-
vated structures are best designed using thermal building and
fadlity simulation. Thelayingof the pipes in the conarete core
temperature control must beintegrated into the course of the
formwork, reinforeementand conareting work.

@ SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

High: Cote activation (low supply tem peratute >30°C)
Medium: Core activation (medium supply tem perature
>40°C)

Low: Floorheating system



AcTioN: BIM systems
LiFe cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION
Building Information Modelling (BIM) refers to the
optimized design and construction of buildings by
means of suitable software. BIM is a smart digital
buildingmodel allowingall the partners involved in a
project - from architects and builders to buildingser-
vices and fadlity managers - to wotk together on and
jointly implement this integrated model.

BIM is used to draw up an intelligent digital building
model that can be examined and edited collaboratively
by all the partners involved.

The data model digitally spedfies all the relevant build-
ing dataand combines and links them. The building is
also geometrically represented as a virtual computer
model. The BIM dataare of a very high quality as they
are drawn from a commondatabasis and are continu-
ally updated and synchronized. The immediate and
continuous availability of all the aurrent, relevant data
ensures optimal information exchange between the
partners and helps improve the effidency of the plan-
ning process with regard to cost, deadlines and quality.

© EXAMPLES (CASE STUDYA)

Influence on lnvestment Costs: [1][7]
Influence on Follow -up Costs: [T
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© CO-BENEFITS

RoleModel / Pioneeting Role

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

@ DIFFICULTY

o High ratio of involved stakeholders is short on expet-
ence, BIM is mainlyused by architects, less structural en-
gineering and building services engineering

o Two different approaches possible -> open BIM vs.
dosed BIM

o Varying from country to country and from manufacturer
to manufacturer, same properties / parametets can have

different names

© STANDARDS AND REGULATIONS

o CEN/TC442 - BuildingInformation Modelling (BIM)

o ISO/TC59/SC13: Organizationand digitizationofin-
formation aboutbuildings and dvil engineering works,
induding building information modelling (BIM)

o 180 16739:2013: Industry Foundation Classes (IFC) for
data sharing in the construction and fadlity manage-
mentindustties

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

The BIM approach is still in developmentand every actor
needs to adapt to this new environment. The coperative
planning method, the dedsion-making process, the treatment
of common knowledge resoutces mustbe learned in order to
actually areate better cooperation between all stakeholders.
For this, tools and services as well as common processes and
standards are being developed. Atpresent, someleading soft-
wate manufacturers are mainly pushing "dosed-BIM", that is,
the collaboration of different actors within a software family
(one manufacturer). However, because a building project re-
quires around 50 different software applications by default,
the "open-BIM" approach seems to be mote effective in or-
det to really enable a broad im plementation of BIM. The ot
buildingSMART (https://www.build-
ingsmart.org/) reinforees this "open-BIM" approach wodd-

ganization

wide, induding a common exchange format, the Industral
Foundation Classes (IFC), and related standards such as the
Data Dictionary.

BIM has several dimensions that cotrespond to the different
steps of the BIM im plementation: 3-D for geometry, 4-D for
time, 5-D for cost, 6-D for sustainability, and 7-D for fadlity
management.



@ IMPORTANCE

o Improved ommuniation, intelligibility and visu-
alization

o Improved wordination and progress control

o Improvedplanningand design quality

o0 Reduction of project duration and guarantee of
on-time delivery

o Costredudion (construction / operating costs)

REFERENCES USED
own knowledge and projects plus linksabove

@ SPECIFICATIONS (QUALITY/QUANTITY

GOAL)

o BIMused in alllife time phases of new and renovated
buildings (design phase, tendering phase, construction
phase, operational phase)

o Improvement of qualityin planning, construction and
operation as a result of theuse of BIM - evaluated e.g.
ina quality assurance process

High: BIM used in all planning phases of the nZEB
Medium: BIM used in some planningphases of the nZEB
Low: BIM used in only one planning phase of the nZEB



AcTION: Accession of Thermal Mass
LiFe cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION

Using thermal massinside a buildingmakes it possible
to absorb and store heat energy. A lot ofheat energy is
required to change the temperature of high density ma-
terials like conarete, bricks and tiles. They have high
thermal mass. Lightweight materials such as timber
have low thermal mass. Appropriate use of thermal
mass throughout homes can makea big difference to
comfort.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: []
Co-Benefits: Comfort

Heat Heat
Stored Released
© CO-BENEFITS

Comfort

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

e IMPORTANCE

o Thermal mass, correctly used, moderates internal
temperatures by averaging out diurnal (day—night)
extremes

o Thermal mass must beintegrated with sound pas-
sive design techniques. This means having appro-
priateareas of glazing fadng appropriate direc-
tions with appropriate levels of shading, ventila-
tion, insulation and thermal mass

0 DIFFICULTY

o Pooruse of thermal mass can exacetbate theindoor di-
mateand can turn to energy and com fort liability. It can
radiate heat all night during a summer heatwave or ab-
sotb theheat produced on a winter night

o Thepresence of exposed masswithin buildings can cause
problems with high acousticreverberation

@ STANDARDS AND REGULATIONS

o 1SO13789:2017(en) Thermal performance of buildings
— Transmission and ventilation heat transfer coeffi-
dents — Calaalation method

o ISO/DIS 52017-1(en) Enetgy petformance of buildings
— Calaulation of the dynamicthermal balancein a
buildingorbuilding zone — Part 1: Generic calaulation
procedure

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@® METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Thermal mass must be exposed, not dad to function effi-
dently. This means that it is commonly assodated with ex-
posed conaete floors and walls. The effectiveness of themal
mass can however be enhanced by paint, selected to optimise
the absorption and release of thermal radiation.

There ate also more complex design strategies that utilise
thermal mass, such as thermal labyrinths and other ground
energy options.

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

High: Construction, spedficheat aapadty =204 Wh/m*K
Medium: Construction, spedficheat capadty = 110
Wh/m?2K

Low: Construction, spedficheat aapadty = 60 Wh/m?K

REFERENCES USED

http:/ /www.yourthome.gov.au/passive-design/ thermal-
mass, accessed at 20th June 2018



actioN: Energy Recovery Systems
LIFE cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION

Energy-recovery techniques within heating, cooling

and ventilation systems can provide the right building
temperature and air quality. At the same time they can

reduce heat losses, and hence energy consumption.

The type of system to usevaries depending on the ap-

plication, but the mostcommonis heat recovery
within the ventilation system. Regarding heat sources
in buildings, exhaust air and the wastewater are the
main used ones.

Various types of heat recovery units are available for

buildingventilation (cross flow, rotary, twin coil, heat

pipes, ...) with different effidency.
© EXAMPLES (CASE STUDYA)

Influence on lnvestment Costs: ][]
Influence on Follow -up Costs: [1][]

Co-Benefits: Comfort
Heat Exchanger

Pre Heated
i Iy, | FreshAir
© CO-BENEFITS
Energy Savings

O CONFLICT OF AIMWITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

(G IMPORTANCE

Ventilation systems are fundamental in maintaining indoor air
quality. Therefore significant energy savings can be provided
by a correct design of the heat recovery within the systems.
0 DIFFICULTY

Theinvestment and running costs are higher if heat recovery
is used within existing ventilation or heating systems, indud-
ing moreinvestments on filters.

© STANDARDS AND REGULATIONS
Ewdesign Directive (Directive 2009/125/EC)

© MAIN DRIVER

Planners

(@ INVOLVED STAKEHOLDERS

Tenants/ Uses (assodation), Owners

@® METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

@ SPECIFICATIONS (QUALITY/QUANTITY
GOAL)

The European market of ventilation systems with heat re-
covery would require a growth factor of 8-10 in order to
meet thenZEB construction market.

High: heat recovery effidency > 85%
Medium: heat recovery effideney < 85%
Low: heat recovery effidency < 75%

REFERENCES USED

Atanasiu, B., & Attia, S. (2011). Prindples for Neatly Zero-
Energy Buildings: paving the way for effective implementa-
tion of policy requirements. Prindples for neatly Zero-en-
ergy Buildings: Paving the way for effective im plementation
of policy requirements, 124.



AcTioN: Heat Pumps
LiFe cYCLE PHASE: PLANNING

© DESCRIPTION OF THE ACTION

The operating principle of aheat pump uses electric power

to generate a higher temperature level out of a heat source

with a lower level. This thermodynamic cycle is called the

Carnot Process.

Heat sources for heat pumps:

o  Groundwater: this is the most reliable source of heat
that provides aconstant heat source temperature virtu-
ally year round. The required well installation is not pos-
sible or approvable at all locations and, above all, entails
high investment costs. A case-by-case examination is re-
quired. With a suitable heat distribution (e.g. underfloor
heating), good performance can be achieved.

o  Geothermal probe: harnessing geothermal energy viaa
probe system is associated with higher investment costs,
butis a reliable heat source depending on the location,
which provides good annual work figures. Again, as
with all heat pump systems, a heat distribution is neces-
sary, which works with low flow temperatures.

o  Ground collector plant:a ground collector plantis very
area-intensive and is only possible or useful for new
construction project with sufficientland size. In the
winter months,a stronger cooling of the collector must
be expected, so that the work figures at the end of the
heating season decrease and thus suffers the effective-
ness of the heat pump system. The solution,however, is
cheaper than a geothermal probe.

o  Heat source air: the use of an air heat pump has the ad-
vantage that no elaborate well or collector system has to
be created. The main disadvantage is the poor number

of jobs at low outdoor temperatures.

© EXAMPLES (CASE STUDYA)

Influence on Investment Costs: [7][7]
Influence on Follow-up Costs: ][]
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© CO-BENEFITS
Energy Savings

@O CONFLICT OF AIM WITH OTHER
ACTIONS

G IMPORTANCE

To reach nZEB standards, electric heat pump seems to be the

most suitable technology, due to the expected increase of the

renewable energy shate in the national electtidty mixand re-
newable on-site production.

@ DIFFICULTY

o Torunheat pumps,electridtyis needed which is in many
countries the mostexpensive and not really environment
friendliest energy sourceat the moment - this should be
taken into consideration when designing the heating sys-
tem

o High flow temperatures in the heat distribution system
make heat pumps veryineffident

@© STANDARDS AND REGULATIONS

Many standards and guidelines regulate heat pump systems.

Examples:

o EN255-3: Air conditioners, liquid chilling packages and
heat pumps with electrically driven compressors - Heat-
ingmode

o EN15450: Heating systems in buildings - Design of heat
pump heating systems

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

The efficiency figure of aheat pump is the annual work rate, defined
as the ratio of the heat produced to the electrical energy consumed,
averaged over one year. For a high number of working hours of the
heat pump,a small temperature difference between the temperature
of the environmental energy (air or ground water or brine) and the
one of the heating circuitis decisive. Heat pump systems are a very
good choice in buildings, which manage with low flow temperatures
of the heating system.

(® SPECIFICATIONS (QUALITY /QUANTITY
GOAL)

High: Heating demand of the building is < 30
kWh/m2GFA.aand flow temperatures below 35°C
Medium: Heating demand of the building is 30-50
kWh/m?*GFA.a and flow temperatures from 30-40°C
Low: Heating demand of the building is > 50 kWh /m*GFA.a
and flow tempetatures above 40°C

REFERENCES USED

Haas J. et al.: Handbudh fiir Energieberater (1994) and own
projects



AcTion: Apply For Funding
LiFe cYCLE PHASE: PLANNING

o DESCRIPTION OF THE ACTION

In the developmentof nZEB projects, not only tech-
nological and skills-related but also finandal challenges
could limit the im plementation of interesting concepts.
So there is a need to overcome these finandal bartiers
to finalize the projects. Fundingpossibilities increase
the probability to bring down nZEB projects. Theyare
an important part of the portfolio the sodety or public
organisations can give to change normal market behav-
iout.

© EXAMPLES (CASE STUDYA)

Influence on Investiment Costs: [1][]

© CO-BENEFITS

Resource Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

O IMPORTANCE

o Fundingis often thedotoverani for alot of new
nZEB concepts to be realized.

o In Europe there are manifold ways of possibilities
for funding-itis worth to contact professional ad-
vice to benefit from this big diversity.

o Theprocess to get the fundingmostlyis connected
to some qualityassurance steps for nZEBs - could
be very positive for the projects generally.

@ DIFFICULTY

o The bigdiversity of funding schemes and possibi-
ities confuses and makes it difficult to keep the
ovetview, espedally regarding requirements and
quality assurance verification

o Insomeases the amountof funding bears no re-
lation to the timeand effort of application - a great
barrier for little companies not having personal re-
sources

@ STANDARDS AND REGULATIONS

The European Commissionas well as every nation or region
has a legal framework where funding schemes are based on,
becuse otherwise funding could be seen as a market-dis-
torting mechanism which is not allowed.

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-

NESS MODEL

There are different ways and procedures of fundingnZEBs:

o The dassical way consists of direct grants or direct and
indirect (via finance institutions) loan support from EU,
governments, regions or munidpalities

o Public private partnership models count on private in-
vestors who finanee nZEBs with advantages for both
sides, the owner and the investor, who again could be an
affiliate of publicorganisations

o nZEBs ouldbe fundedin the frame of research projeds
to setve as frontrunner or lighthouse buildings to leam
from

o The funding of nZEB in bigger companies could also
happen internally by putting more resources into the
coneeptional process to come to an nZEB or to explore
new technologies to get pioneer status

o Funding an forexamplealso come from future usets of
thenZEB orsort of cowd-funding by advance cash for
the planning and construction

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

Fundingis a qualitative way of supporting nZEBim plemen-
tation. If trying to rate nZEB by daimed funding, one may
come up with the following:

High: Funding from at least 3 different sources
Medium: Funding from atleast 2 different sources
Low: Funding from only one source

REFERENCES USED

own sources and projects



AcTioN: Efficient use of materials
LiFe cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION
Effident use of materials may drastically decrease the
environmental im pact, but also make savings in mone-
tary terms.

Architects may consider the geometryand layout of
the building. Notonly to make it more compact and
space effident (Area to Volume ratio) butalso to con-

siderhow to enablea resource effident superstructure.

E.g. short spans = less material.
Another example maybe to set high quality require-

ments and tight tolerance requirements, resulting in
lowerusage of materials.

Eatly in the planning phase, the environmental im pact
of the buildingmaterials should be calaulated in order
to identify potentials (LCA-calculations).

© EXAMPLES (CASE STUDYA)

Influence on mvestment Costs: [7]

-15% Materials

| |, |

© CO-BENEFITS

Cost savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

(G IMPORTANCE

As buildings become more energy effident, the relative im-
pact from materials increases. In very energy effident build-
ings, more than 50% of the environmental impact may be re-
lated to the use of materials.

0 DIFFICULTY
It’s complex to do LCA-alaulations eatly in the design phase.

© STANDARDS AND REGULATIONS

o 18O 129-1, EN 60300,1SO 15686

o LEED: NC-v4 MRcl: Building life-cyde impact reduc
tion

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

See standards/ regulations

(® SPECIFICATIONS (QUALITY/QUANTITY
GOAL)

Reduced use of material compared to baseline building (%0)

High: 20% less used material compared to baseline building
Medium: 10% less used matetial ompared to baseline build-

mng

Low: Less used material compared to baseline building

REFERENCES USED

Certifiaation systems and standards above



action: Energy Flexibility - Demand Response
LIFE cYCLE PHASE: PLANNING

€ DESCRIPTION OF THE ACTION

Energy systems based on fluctuating renewable energy
sources are characterized by intermittent generation.
Their rapid increase challenges the stability of both
thermal and electric grids. A mitigating effect of the
stress put on the grid by vatiable renewable energy
sources (VRES) penetration can be played by build-
ings, which are graduallymoving from standalone con-
sumers to interconnected prosumers (both producers
and consumers) able to provide and store renewable
energy and actively partidpatein demand response.

Based on theinitial definition of the IEA EBC project
Annex 67 (Energy Flexible Buildings), building Energy
Flexibility represents “the capadty of a building to
manageits demand and generationacording to local
dimate conditions,user needs and grid requirements.
Energy Flexibility of buildings will thus allow for de-
mand side management/load controland thereby de-
mand responsebased on the requirements of the sur-
roundinggrids”.

In this regards, the concept if flexibilityis connected to
thedemand response aims to reduce the peak demand
in grids by adjusting the power consumption strategy
of the buildingenergy systems. This demand response
is often obtained through theimplementationofen-
etgy storage systems.

© EXAMPLES (CASE STUDYA)

Influence on Investment Costs: ]
Influence on Follow-up Costs: [7]
Demand =O=—= Simart
Response Event =Qme= Controller

™
] Baseline
_':_)1 Load
N
Time 7
© CO-BENEFITS

Energy Savings

@ CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

G IMPORTANCE

By utilizing energy flexibility, reduce energy from fossi
sources, inarease the use of renewable energy sources in the
overall energy system and so reduce greenhouse gas emissions
assodated with new building construction.

0 DIFFICULTY
A shared methodology for the evaluation of energy flexibility
is still under development.

© STANDARDS AND REGULATIONS
Clean energy for all europeans. COM(2016) 860 final. Brus-
sels, 30.11.2016. Induding2016 amended EPBD.

© MAIN DRIVER

EnergyProviders

(@ INVOLVED STAKEHOLDERS

Designers

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Still work in progress

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

High: Smart control and storage systems are induded and
communicating in the buildingenergy system

Medium: Storage possibilities are integrated in the building
enetgy system

Low: Simple control system but no storage fadlity existin
the building

REFERENCES USED
Annex 67 www.annex67.org, acessed at 6th Aug. 2018



acTtioN: Tenant Design and Construction Guidelines
LIFE cYCLE PHASE: CONSTRUCTION

o DESCRIPTION OF THE ACTION

The guidelines will help the future tenants/us-
ets/building owner to designand build sustainablein-
teriors and adopt green building practices.

I.e. helping them in future build-outs, interior changes
etc

The guidelines could indude:
o A desaiption of the sustainability features already
induded in the building,
o Informationregarding:
- Waterreduction
- Electric lighting and daylighting
- HVAC
- Energymetering
- Indoorairqualityand thermal comfort

© EXAMPLES (CASE STUDYA)

Influence on lnvestment Costs: []
Influence on Follow-up Costs: [[]

Green Design and

Construction Guideline

S/

© CO-BENEFITS

Energy Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

(G IMPORTANCE

These guidelines are not only helpful for recent users of the
building, butalso relevant for the "second generation" of oc-
aipants.

@ DIFFICULTY
Developing guidelines may be easy - it may be harder to en-
oourage the tenants to follow the guidelines.

© STANDARDS AND REGULATIONS

o LEED CS-v4 SSc7: Tenant Design and Construdion
Guidelines

o BREEAMNC2017,5.0 Management (Commissioning,
handoverand aftercare)

o ENISO 7730 Ergonomics of the thermal environment
— Analytical determinationand interpretation of themal
comfort

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

See standards and regulations

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)
Quality goal: Guidelines are made and documented

High: Detailed guidelines + verbal introduction of the
guidelines

Medium: Guidelines introduced

Low: No guidelines

REFERENCES USED

own projects



acTion: Energy performance guarantee

LIFE CYCLE PHASE:

€ DESCRIPTION OF THE ACTION

Energy performance guarantees are similar to energy
performance contracts and often part of service con-
tracts, where the owner/ ocupant pays foraspedfic
service like retrofit measures and gets a guarantee fora
better performance or lower energy bill. Energy perfor-
mance guarantees can so beincorporated into con-
tracts with service providers, contractors or product
suppliers (ESCO), transferring some orall of the per-
formance tisk to the supplier/ service provider.

© EXAMPLES (CASE STUDYA)

nfluence on Follow-up Costs: [][]

Energy performance

guarantee

© CO-BENEFITS

Valuedevelopment

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

O IMPORTANCE
Energy petformance guarantees teduce / outsoure
project tisks, which can be valuable for large and com-

plex retrofits or energy saving investments.

CONSTRUCTION

@ DIFFICULTY

Transaction costs, finandal expertinvolvement and long ne-
gotiation phase could hamper the process to get to these guar-
antees.

© STANDARDS AND REGULATIONS

No regulations or standards are available, but EU-projeds
like https:/ /eceuropa.cu/energy/ intelligent/pro-
jects/en/ projects/ eurocontract# partners to promote EPC

© MAIN DRIVER

Tenants/ Users (assodation)

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Energy Performance Contracting (EPC) is a form of ‘creative
finandng’ for apital im provement which allows funding en-
ergy upgrades from cost reductions. Underan EPC arrange-
ment an external organisation (ESCO) implements a projec
to deliver energy effidency, or a renewable energy project,
and uses the stream of income from the cost savings, or the
renewable energy produced, to repay the costs of the project,
induding the costs of the investment. Essentially the ESCO
will not receive its payment unless the project delivers energy
savings as expected.

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

High: High amount of >50% of all building services are
oontracted by EPC

Medium: Some building services ate contracted by EPC
Low: No energy performance guarantees are integrated in
the building services im plementation

REFERENCES USED

Energy Performance Contracting - https:/ /e3p.jrceceu-
ropa.cu/artides/ energy-performance-contracting and
http:/ /www.sustainable-procurement.org/, acessed at 27th
July2018



aAcTioN: Extended producer responsibility

LIFE CYCLE PHASE:
€ DESCRIPTION OF THE ACTION
Buildingsuselarge amounts of materials and produce a
lot of waste. Extended Producer Responsibility (EPR)
polides are based on the prindple that producers are
responsible for the treatment or disposal of their prod-
ucts at theend-of-life. EPR uses finandal incentives to
encourage manufacturers to design products that re-
spect the environment,holdingproducers responsible
for the costs of handling their products at the end of
their useful life.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: [[1[]

Recycling Design
Producer
Responsibility
Renovation Production
Operation
© CO-BENEFITS

Resource Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

® IMPORTANCE

Energy shortages and pollution prevention are concerns
at regional and global levels, while material shortages oe
auir in someregions.

CONSTRUCTION
@ DIFFICULTY

Set up of regulatory, economicorinformationinstruments.

© STANDARDS AND REGULATIONS

o OECD: Extended Producer Responsibility. Updated
Guidance for Effident Waste Management. Published
on September 20, 2016.

o EPD (Environmental Product Dedaration) - standards

ENISO 14025 and EN 15804
© MAIN DRIVER

Authorities

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

Some consulting organisations like in Austria offer a kind of
chemicals and emlogical building product management,
where EPR is the basis of the materials used and dedared (eg
http:/ /www.bauxund.at/index.php?id=81).

(® SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)
Encourage the production of commodities that have a mi-

norenvironmental im pact.

High: A construction product plan is established where all
used material follow the EPR policy

Medium: A construction product plan is established where
at least the material for buildingcomponents follow the
EPR policy

Low: There is no construction product management, EPR
poligy is notused

REFERENCES USED

Informationat http://www.expra.cuand

http:/ /www.oecd.org/env/waste/ factsheetextended produc-
erresponsibility.htm, acessed at 27th July 2018



aAcTioN: Prefabrication of multifunctional Building Elements
LIFE cYCLE PHASE: CONSTRUCTION

€ DESCRIPTION OF THE ACTION

Constructing a nZEB evokes differentsources of errors and
interface problems. For example the installation of a heavy
triple-glazed passive house window into the wall is nota sim-
ple task and requires knowledge of how to do it without
causing thermal bridges, leakages etc. One answer to such
kind of possible errors in building constructions is prefabri-
cation, means the assembling of bigger elements like wall,
ceiling or even heating or ventilation systems, in a more con-
trolled way with lower possibilities to make errors.

Such prefabricated building elements do notonly have the
advantage of quick, qualitatively high and precise assembling,
they can even provide different functionality such as inte-
grated renewable energy generation, ventilation ductwork, in-
sulation and transparent components -all in one prefabri-
cated wall-element. Another example are solar thermal col-
lectorsin roof elements where they produce hot water butat
the same time protect the building from the weather.

There is a growing market for the use of prefabricated multi-
functional building elements in nZEBs. The EU and diffet-
ent national programmes supportthe developmentof these,
because they believe in the increase of quality and functional-
ity for constructions.

© EXAMPLES (CASE STUDY A)

Co-Benefits: Construction Time, Quality

© CO-BENEFITS

Value Development

O CONFLICT OF AIM WITH OTHER
ACTIONS -
O IMPORTANCE

o  Prefabricated construction and HVAC elements increase the
construction and functional quality of the nZEB buildings.

o The possibilities to include different functions in one element
decreases prizes.

The working conditions for processing the elements is mostly much

better than on site.

e DIFFICULTY

o Alotofknow-how and spedal equipmentis needed to
design and construct such elements.

o This and the lack of knowledge on the costumer's side
may lead to higher launching, convindng and organisa-
tional investments than normally calaulated for construc
tion works.

@ STANDARDS AND REGULATIONS

o IEA EBC Annex 50 developed a"10 steps guide" for prefabri-

under https://nachhaltigwirtschaf-
ten.at/resources/iea_pdf/iea_ecbes_annex_50_anhang5-
10stepsguideline_ace-en_1-3.pdf?m=1469661023

O  Regulations or standards on quality management like ISO
9000-standards or quality assessmentISO 15504

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

cated element walls

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

The development of prefabricated elements for nZEB is
mainly done within research and company projects and patt-
nerships.Holisticroof and facade solutions, which, througha
high level of prefabrication, feature good integration possibi-
ities of energy facades and roofs and also com plete integration
possibilities for energy distribution systems (plug-and-play
coneept), do existin many countries. Ongoing research is try-
ing to integrate more of the HVAC system too.

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

When it is about quality of a prefabricated element, measures like
heat/sound/fire protection or services quality for installation could
be rated. For easy quantitative rating of a nZEB integrating prefab
elements one could use the following:

High: At least 3 different prefabricated elements can be found in
the nZEB

Medium: At least 2 different prefabricated elements can be found
in the nZEB

Low: At least one prefabricated element can be found in the nZEB

REFERENCES USED

TEA EBC Annex 50 project results under https://nachhaltigw irtschaf-
ten.at/en/iea/technologyprogrammes /ebc/iea-ecbes-annex-50.php;  PRE-
FABRICATED SYSTEMS FORDEEP ENERGY RETROFITS

OF RESIDENTIAL BUILDINGS under http:/ /bpie.cu/w p-content/up-
loads/2016/02/Deep-dive-1-Prefab-systems.pdf, accessed at 28th May
2018; and above mentioned standards



AcTioN: Air Tightness Measurements
LIFE cYCLE PHASE: CONSTRUCTION

o DESCRIPTION OF THE ACTION

nZEBs are constructed in an airtight way, so that there
is are no uncontrollableleakages and air exchange with
the sutroundingwhen windows and doors are fully
dosed. This is fitst of all because of the ventilation en-
ergy losses in winter, but also to get balanced pressure
conditions whenamechanicl ventilation system will
be operated.

Thebuilding envelope is measured forits airtightness
by using the differential pressute method, the so called
'blower doot' test. Using this method the remainingair
exchange rate can be determined. To do this, airis
forced or sudked outinto the building underinvestiga-
tion bymeans ofa fan. The fan is usuallyused witha
framein the opening ofan open window. The previ-
ouslyused door (this is where the name comes from) is
no longerused as often as the front door shouldalso
be checked for windproofness. Due to the generated
positive pressure, air flows throughleaky constructions
to the outside, which can be loaalized with smoke.
With ameasuring and control unit, the desited pres-
suredifferences can be adjusted and the delivered vol-
ume flows caan be determined.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: [1[]
Co-Benefits: Comfort

Blower

Doov
Test

€ CO-BENEFITS

Comfort

e CONFLICT OF AIMWITH OTHER
ACTIONS

The ventilation concept of anZEB should be very good
adjusted to the airtightness measures taken for the build-
ing, so that for example possible air gaps in window
frames for exhaust or hybrid ventilation do not distutb
theairtightness of the building.

© INFLUENCES ON OTHER ACTIONS

@ DIFFICULTY

o Forlittle buildings it is very easy t do the testing, but for
big buildings it is difficult to dedde which parts of the
buildings are to be tested in one run.

o Itis costly to getleakages airtight, so there should be put
moreemphases on thatin the planning of the construe
tion before.

@ STANDARDS AND REGULATIONS

o Thermal performance of buildings - Determination of air
permeability of buildings - Fan pressurization method
(ISO9972:2015)

o  Thermal performance of buildings and materials - Deter-
minationof spedficairflow ratein buildings - Tracer gas
dilutionmethod (ISO 12569:2017)

o Different national procedures regarding energy perfor
mance certification

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

BlowerDoor Test:

For leak detection and measurement of the air change rate,
the building is brought to a pressure difference of 50 Pa to
the environment/outside. While this pressure difference is
kept constant, the entire building can be inspected for leaks.
Theleakages found arelogged and can be im proved using this

protocol.

Air exchange rate:

Theair exchange rate n indicates how often the air volume of
a building is renewed on average. The unit of the airtightness
ofa buildingis the air exchange rate 'n50". This figureis given
by the air flow rate per hour when maintaininga pressure dif-
ference of 50 Pa divided by the volume of the building. The
smaller the number, the more tight the building. For buildings
without ventilation and air conditioning systems, an air
change rate of n50 = 3 and of buildings with air handlingsys-
tems of n50 <1.5 is required. Passive-houses should not ex-
ceed a value of n50 = 0.6.

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)



O IMPORTANCE

o Theair tightness measurementis a very important
quality assurance measure to guarantee the prom-
ised functionality of the building envelope.

o Itisvery important to dothe testing before the en-
velopeis really finalised, otherwise thereis no pos-
sibility to optimize the airtightness afterwards.

REFERENCES USED

klimaaktiv standards as on https: //www.klimaak-
tiv.at/ english/buildings /Buildings.html, accessed at
5th June 2018, and standards - seeabove

It should be dear from thebeginning and forall construc
tion workers where to put emphases to get the envelope air-
tight as well as possible. The quantitative aims could be:

High: For theair change rate the n50-value should be < 0.6
per hour

Medium: For the air change rate the n50-value should be <
1.5 perhour

Low: For theair change rate then50-value should be < 3
per hour

action: Thermography infrared

LIFE CYCLE PHASE:

@ DESCRIPTION OF THE ACTION
Thermographicinvestigationsare carried outin the
form of temperature and heat measurementsin all ar-
eas of heating, ventilation, air conditioning and refrig-
eration. In the field of building physics, for example,
they serve to determine thermal bridges. Espedallyin
the case of component connections, heat-bridge-re-
lated heat losses and lower room-side surface tem pera-
tures occur, which an lead to mould fungus for-
mation.

Modern devices feature 12-bit high-speed colour sys-
tems with real-tim e tem perature measurement and dis-
play and are equipped with built-indatalogging sys-
tems. This allows the thermal images to be analysed
and doaumented via PC. From the small clour
handycam to thelong-wave Stirling cooled real-time
camera to the Focal Plane Array system, all thermal
and geometricresolution performance requirements
are available.

Pictures can be taken bya hand-borne amerabutalso
using adrone that carries the amera along the building
surface.

Low level infrared thermography can bedoneusinga
simple thermographiccameraat the appropriate
weather conditions.

High level infrared thermographyis usually offered as a
service by technical offices for buildingphysics. In this
ase, theoutcomes are not only photographs butalso
an analysis and interpretation of the results in form of

a thermographicreport.

CONSTRUCTION

(G IMPORTANCE

o Infrared thermography helps to reveal heat bridges and
deviations in surface temperature

o Itis a fast, low cost and non-destructive investigation
method

o Oneimage covers alarge area and can indudeinaaessi-
ble places (via drones)

o Images caan be stored as photograph for documentation

@ DIFFICULTY

o A spedal amera is needed

o Heatbridges can onlybe identified in the heating season
(heating on, cold outside)

o Differing emissivity and reflections from other surfages
limit the accuracy

o The results show only the surface and not temperature

inside the walls

@ STANDARDS AND REGULATIONS

o DIN EN 13187, Wirmetechnisches Verhalten von Ge-
biuden — Nachweis von Wirmebriidken in Gebaudehul-
len — Infrarot-Verfahren

o ASTM C1060, Standard Practice for Thermographicln-
spection of Insulation Installations in Envelope Cavities
of Frame Buildings

o ASTM C1153, Standard Practice for the Loation of Wet
Insulation in Roofing Systems Using Infrared Imaging

© MAIN DRIVER

(@ INVOLVED STAKEHOLDERS



© EXAMPLES (CASE STUDYA)

Influence on Follow -up Costs: [][]
Co-Benefits: Comfort

© CO-BENEFITS

user satisfaction

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

REFERENCES USED

Thermographical report for the case study Kapfenberg
out of own project "e80"3"; Wikipedia artide on Ther-
mography, accessed at 20th June 2018

@ METHODOLOGY/ TECHNOLOGY/BUSI-

NESS MODEL

Infrared Thermography here is mainly used in three occa-

sions:

o Investigation in case of mould and other structural dam-
ages

o  Controlat the handing over of the construction

o  Baselineinvestigation before doinga renovation

It an be financed by theassicuration in case of damagge, and
paid badck by future energy savings and prevention of damage
in other cases.

Infrared thermographyis a standard procedure in case of
damage.

It is however not often used for quality assurance and pre-
renovation analysis, since it has not yet been induded in the
standard procedure.

@ SPECIFICATIONS (QUALITY/QUANTITY
GOAL)

In the first heating season all facades should be tested.

An engineering office for building physics should take pic-
tures with a calibrated camera and writea report, induding
photographs, calaulated surface temperatures and interpreta-
tion, as well as boundary conditions like outdoor and indoor
temperature, date, hour of the day, amera type

High: Comprehensive thermographical report available on
buildingenvelope

Medium: Comprehensive thermographical repozt available
on high-risk parts of the building

Low: Thermographical documentation (only photographs)
on high-risk parts



AcTION: Installation renewables

LIFE CYCLE PHASE:
€ DESCRIPTION OF THE ACTION
Integration of renewables in the building for various
applications such as water heating, heating/ woling and
electridty production is an important aim, pursued by
the EU and many regions in Europe.

Renewable energy technologies are: wind generators,
photovoltaicsystems, solar thermal water heating, bio-
mass heating, biomass CHP, and different source heat

pumps.

The Renewable Energy Directive (RED 2014/53/EU)
established an overall policy for the promotion of the
energy production from renewable sources. It requires
the Member States to fulfill atleast 20% of its total en-
ergy consum ptionwith energy from renewables by
2020. Also, it requires that atleast 10% of transport
fuels come from renewable sources. The 20% target
was updated in November 2016. The new target re-
quires at least 27% of energy from renewable energy
sources in the final energy consumptionofthe EUby
2030.

© EXAMPLES (CASE STUDYA)

Influence on Investiment Costs: [][]

Influence on Follow-up Costs: [[][]
Co-Benefits: Energy Autonomy

e

© CO-BENEFITS

Resource Savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS

CONSTRUCTION

G IMPORTANCE

The main goals of installation of renewable enetgy technolo-

gies are to reduce the use of fossil resources and lower CO2-

emissions.

© DIFFICULTY

o Tednicl feasibility studies have to be done: geometty,
orientation, position, etc.

o  Economicviability: apital and maintenance costs, pay-

back time

@© STANDARDS AND REGULATIONS

Renewable Enetgy Directive (RED) 2009/28/EC and a lot

of technology-spedfic standards on renewable energy sys-

tems

© MAIN DRIVER
Authorities
(@ INVOLVED STAKEHOLDERS

Owners

@® METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

@ SPECIFICATIONS (QUALITY/QUANTITY
GOAL)
The European Union Member States should fulfill at least

20% of its total energy consumption with energy from re-
newables by 2020.

High: 100% of the building's final energy supply comes
from renewable energy sources

Medium: 50% of the building's final energy supply comes
from renewable energy sources

Low: National minimumrequirements for renewable energy
sources in building codes

REFERENCES USED

https:/ /eur-lex.curopa.eu/legal-con-

tent/ EN/TXT/?uri=CELEX:320141.0053, accessed at 27
July 2018



actioN: Eliminate Heat Bridges
LIFE cYCLE PHASE: CONSTRUCTION

€ DESCRIPTION OF THE ACTION
Thermal bridges are ateas of the buildingenvelope
with a much lower thermal resistance than the adjacent
wall and ceiling parts. They generally ocour in the vi-
dnity of structural connections, for examplein the case
of balcony projections or roof / exterior wall connec
tions and other omponentconnections. Thermal
bridges cause heat losses and lower room -side surface
temperatures, which can lead to condensationand
mould formation, dependingon the room air humidity.

Using simulation tools (e.g. HTflux), the resulting low-
est room-side surface temperature can be calculated as
well as the humidity level that offsets condensation and
the thermal bridgeloss coeffident. The unit of the
thermal bridgeloss ceffidentis W/ (m K), that means
lost Watt per running Meter and Kelvin tem perature
difference between thein- and outside.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: [
Co-Benefits: Comfort

(outside) (inside)

k< Thermal Bridge
(Slab, Beam,...)

@ IMPORTANCE

o0 Theabsence ofheat bridges reduces thermal energyloss

o Elimination of heat bridges helps to avoid structu ral dam-
age

e DIFFICULTY

o Heatbridges need to be detected before they can be elim-
inated: Measurem ent/Calculation before Elimination

o  For repairworks it might be necessary to enter the apart-
ments

o Elimination of heat bridges might require adaptations in
the building design

@ STANDARDS AND REGULATIONS

o  Restrictions for thermal bridges are usually regulated in
the national building code, via maximum energy con-
sumption and minimum allowed surface temperatute to
avoid damage by condensation

o ISO 10211:2017 Thermal bridges in building construe
tion -- Heat flows and surface temperatures -- Detailed
alailations

© MAIN DRIVER

Planner

@ INVOLVED STAKEHOLDERS

Construction company; Authorities; (Economic) Chambers;

Citizen groups/NGOs

@ METHODOLOGY/ TECHNOLOGY/BUSI-

NESS MODEL

Thermal bridges can be caused by geomettry, constructionand

inadequateinsulation.

Evaluation of thermal bridges by:
o BlowerDoor Test
o Thermal Bridge Calailation Software; product infor-
mation for buildingcomponents

o Infrared Thermography

Possible measures:

o Fill qacks and holes in walls and around window
frames with insulating material

o Insulate protrudingbuilding elements additionally

o Integrateloggias into the thermal envelope

o Avoid alooves for radiators and radiators in front of
windows

o Usemmponentswithlowrisks for thermal bridges (eg
prefabricated, pre-insulated etc.)

Avoiding and eliminating thermal bridges will pay off by re-
dudngheatlosses and avoidingdamage to the building struc
ture.



© CO-BENEFITS

Quality assurance and construction value

O CONFLICT OF AIM WITH OTHER
ACTIONS

Avoiding thermal bridges might lead to smoother fa-
ades and reduces possibilities for the architect to ex-
press the character of the building.

9 INFLUENCES ON OTHER ACTIONS
2.3,2.4,2.18,2.22,2.26

(@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

Thermal bridges should be avoided byacaurate planning,
implementation and quality check on site of all corners, an-
gles and breakthroughs.

Quality goals for thermal bridges can be expressed via the
effective U-value of a omponent (forheatloss) and the
minimum aceptable inner surface temperature (protection
from moisture).

High: Complete absence of thermal bridges by verifiaation
on site

Middle: Thermal bridges minimized byinspectionof most
importantones on site

Low: Thermal bridges only checked by vetification of plan-
ning or national minimum standards of proof
REFERENCES USED

Passive house Institute, PHPP calculation scheme,

https:/ /passipedia.de/grundlagen/bau-
physikalische_grundlagen/waermebruecken /whbdefinition,
accessed at 20th June 2018

DIN 4108 German standard on thermal bridges

08110-2 Austrian standard on thermal bridges for protec-
tion from condensation



AcTioN: Construction checklists
LIFE cYCLE PHASE: CONSTRUCTION

€ DESCRIPTION OF THE ACTION

An energy-effident house provides cosy warmth in
winterand a pleasant dimate in summer. For every-
thing to work well, spedal rules must be followed:
Modern insulation methods, alternative heaters and so-
lar systems must be perfectly installed and coordinated.
Many craftsmen make mistakes here, which can lead to
serious defects in the house - even often at first after

years.

Espedally in view of theincaeasing complexity of pro-
jects and the many different actors involved in plan-
ning, butaboveall in im plementation, quality assuz-
ance measures are of essential importance. In particu-
lar, the "invisible" defects, which can lead to majorim-
pairments in useand for theuser, can onlybe detected
by measurements - and thus remedied before ommis-
sioning. Furthermore, the planned energy performance
can onlybeachieved if thebuildingenvelopehas the
appropriate im permeability. Here, too, ameasurement
is required forverification. Such a quality assurance
based on measurements must be planned at an eatly
stage and the corresponding responsibilities defined.
Inspection of building quality

Measurements to prove cotrect exeaution

IBM for cotrect functioning of the HVAC
Monitoring for optimizationand early detection of

o O O O

Crrors

© EXAMPLES (CASE STUDYA)

influence on Follow-up Costs: [1[]

Roof ) _
wall 1_(

L

Balcony)_{

I I,

Floov V_{

Hvac O

© CO-BENEFITS

Quality assurance and construction value

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
2.2,2.3,2.4,2.14,2.18,3.1,4.7,4.9

@ IMPORTANCE

o0 Qualityassurance

o Prevention of construction defect's

o  Assurance for a high energetic performance

0 DIFFICULTY

o Identifythe aitical points in the construction process
o Communiation with construction companies

9 STANDARDS AND REGULATIONS
Basis is the ISO-9000-family, plus EN 14001 Environmental
Management and EN 16001 Energy Management Systems

Qu ality assurance in renovation: http://www.iee-square.eu/Infor
mationPublications /Reports /SQUARE_QASystem_EN.pdf

© MAIN DRIVER

Owners

@ INVOLVED STAKEHOLDERS

Real estate fund; Construction com pany; Planners; Investors;
(Economic) Chambers

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

. General Building Checks
. Early Stages Construction
. Flooring and Framing

. Plumbing

. Roofing

N U A WD -

. Exterior Envelope
ecterior cladding
weather tightness
window joinery
gutter downpipes

7. Behind the Wall

8. Interiors

9. Kitchens

10.

11.

Bathroom

Heating and Air-Conditioning
supervising construction process
technical pre check

detailed commissioning
12. Outdoor

(® SPECIFICATIONS (QUALITY /QUANTITY
GOAL)

High: Construction supervision by energy experts, archi-
tects and measurements for quality control

Middle: Construction supetvision by energy experts and at-
chitects

Low: Construction supetvision by the architect

REFERENCES USED

http:/ /www.buildingguide.co.nz/ construction/ construction-checklist/
https://www.espazium.ch/baumngel-kosten-jhrlich-milliarden

DGNB 2018

Construction Checklists (Eric A. Berg),
http://www.iee-square.cu/Implementation/QAsystems.asp, all accessed at
28th June 2018



AcTION: Green Power and Carbon Offsets
LIFE cYCLE PHASE: CONSTRUCTION

€ DESCRIPTION OF THE ACTION

- As stated by EPA (United States Environmental Pro-
tection Agency): "Green poweris a subset of renewa-
ble energyand represents those renewable energy re-
sources and technologies that provide the highest envi-
ronmental benefit". EPA defines green poweras elec-
tridty produced from solar, wind, geothermal, biogas,
eligible biomass, and low-impact small hydroelectric
sources. Customers often buy green power forits zero
emissions profileand carbon footprint reduction bene-
fits. (Source: https://www.epagov/ greenpower/ what-
green-power)

- Carbon offset allows individuals and com panies to
investin environmental projects around the world in
order to balance out theirown carbon footprints.
(https://www.theguardian.com/environ-
ment/2011/sep/16/arbon-offset-projects-carbon-
emissions).

© EXAMPLES (CASE STUDYA)

Co-Benefits: User Acceptance
Co-Benefits: Pioneer Role / Role Model

P,

© CO-BENEFITS
CO2-reduction

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
1.9,2.7, 2.12,2.13,2.24,2.27

(G IMPORTANCE

o Green power plants ate an importantpart of the renewa-
ble energy goals of the EU

o Purdhasing carbon offsets allows to compensate for the
emissions of greenhouse gases, limiting their accumula-
tion in the atmosphere. Carbon offset represents an im-
portant connection between economic considerations
and environmental issues

@ DIFFICULTY

o Lack of regulations, also on green power certificates etc.

o Dislocation of responsibility

9 STANDARDS AND REGULATIONS

o CDM: Clean Development Mechanism

JI: Joint Implementation

EUA: European Union Allowances

VCS: Verified Catbon Standard

Gold Standard

o VOS: Voluntary Offset Standard

@ MAIN DRIVER

Tenants/Users

@ INVOLVED STAKEHOLDERS
Owners; Citizen groups/NGOs; Sodety; Utilities

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

O O O O

@ SPECIFICATIONS (QUALITY/QUANTITY
GOAL)

High: Using 100% gtreen power for the building's electridty
demand or equally balandng with arbon offset

Middle: Using 50% green powet fot the building's electtic-
ity demand or equally balandng with carbon offset

Low: Sometimes carbon offset model is used for green
powerbalandng

REFERENCES USED
Info from https:// carbon-dear.com / what-we-do/carbon-

offsetting/ aatbon-offsets-out-projects, accessed at 27th July
2018, and see above



acTioN: Indoor Air Quality Assessment
LIFE cYCLE PHASE: CONSTRUCTION

€ DESCRIPTION OF THE ACTION
Theindoorair qualityin new buildings without any
ventilation concept could be very bad. For this reason
and to increase theindoorair quality, a certain air ex-
change is necessary. As a guideline, fresh air volume of
25 - 30 m>3/h perperson is to be offered to rooms
when used.

Adaordingly, the air change rate provides information
aboutindoor air quality; it indicates how often the
room airis completely replaced by fresh air per hour.
Reference values are:

- Apartments: Air change rate of 0.3 - 0.5 per hour

- Offices: Air change rate of 1.0 - 2.0 perhour

- Meeting / dass rooms: Air change rate of4 to 12
per hour
Air velodties are not constant in their natural as well as
in mechanical form and, with their degree of turbu-
lence, as well as theindoor air quality, havea consider-
able influence on the perception of the users. Humans
an perceive room air flows 0f0.1 to 0.2 m/s as pleas-
antand will accept them in this range.
Humidityis not directly perceived by humans, onlya
very high relative humidity, 65% or more during sum-
meris perceived as uncomfortably humid. Dryair can
cuse persistent skin irritation and irritation of the na-
sal mucosa. Atarelative humidityless than 35%, the
dustis very favored and plastics are electrically
charged.
© EXAMPLES (CASE STUDYA)

Co-Benefits: User Acceptance

........ COZ
o NO2
coz
. NOX voc
""""" Ik,
© CO-BENEFITS

Comfort

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
2.10,2.11,2.14

(G IMPORTANCE

o Stuffy indoor air with high CO2-/VOC- and fine parti-
des-concentration reduces the ability to concentrate
when working orlearning, it can cause health problems -
so the measurement and assessment of the indoor air
qualityis of high importance

o Air qualityand com fort sensors are not costly anymore

0 DIFFICULTY

o Know how is needed for the assessment and quality
check of theindoorair - this leeds to additional costs

© Measures to inarease the indoorair quality like mechani-
cl ventilation can cause higher investments if not con-
sidered from the beginning

@ STANDARDS AND REGULATIONS

o ASHRAE Standard 55 or ISO 7730 (thermal com fort)

o ASHRAE 62.1and 62.2 or EN15242 / EN 13779 (ven-
tilation rates, contaminant levels)

o Some voluntary building certification systems offer
guidelines for IAQ

© MAIN DRIVER

Citizen groups/NGOs

@ INVOLVED STAKEHOLDERS

Tenants/ Users; Owners; Construction com pany; Authorities;

Planners; Munidpalities; Citizen groups/NGOs

@ METHODOLOGY/ TECHNOLOGY/ BUSI-

NESS MODEL

There are vatious measurement instruments for the assess-

ment of the indoor air quality on the market. Organisations

like RHEVA offer gudelines how to assess and building cer-

tification systems how to rate the quality.

@ SPECIFICATIONS (QUALITY/ QUANTITY

GOAL)

To assess indoorair quality one can take key performance

indicators from IDA T and IT of EN 13779, air velodty be-

low 0.2 m /s ot relative humidity in the range 0£ 39 to 55%.

But to assess these parameters one should domeasuremnts

like:

High: Operative tem perature, air velodty, relative humidity

and VOC- or CO2-concentration are measured

Middle: Operative temperature and CO2-concentration are

measured regulatly

Low: Room tem perature and relative humidity are measured

temporarily

REFERENCES USED

Stefano P. Corgnati, Manuel Gameiro da Silva: REHVA
Guidebook n°® 14, "Indoor Climate Quality Assessment -
Evaluation of indoor thermal environment and indoor air
quality"; and standards see above



AcTioN: Operations and Maintenance Plan
LIFE CYCLE PHASE: Operation

o DESCRIPTION OF THE ACTION

An operation and maintenance plan ensures that the
buildingperforms as intended in the planning phase.
Itusuallyrelates to energy and indoor quality but may
also indude other performances.

The operation and maintenance plan shouldindude:

o Life expectancy ofdifferent building elements
and installations

o A plan forrecurting operation and maintenance
meetings and regular necessary routines like
changing filters of ventilation units

o Routines to followwhen tenants/users are com-
plaining (e.g. aboutindoor temperature)

o Important set points and key performance indica-
tors (energy use, water consumption,indoor tem-
perature, supply air tem perature etc.)

o A plan forrecurring controls of the set points
and performance indicators

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: [

Maintenance Plan

Plarning nisation

Task

Task | Task

© CO-BENEFITS

Valuedevelopment and quality assurance

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
3.1,3.3,3.9,4.2,4.4,4.7,4.8

@ IMPORTANCE

A building thatis not operated as intended may drasticaly re-
duce the life/service time for different elements and compo-
nents. Itmayalso increase the energy use and reduce thein-
doorair quality.

0 DIFFICULTY

The plan needs regular adjustments and documentation - re-
sponsibilitiesare to be defined deatly.

9 STANDARDS AND REGULATIONS

o EN 13306 Maintenance terminology

o ENISO 41001 Fadlity management - Management sys-
tems - Requirements with guidance foruse

o EN 13460 Maintenance - Doaumentation for mainte-
nance

9 MAIN DRIVER

Owners

@ INVOLVED STAKEHOLDERS

Construction com pany; Authorities; Planners; Munidpalities;

(Economic) Chambers; Utilities

@ METHODOLOGY/ TECHNOLOGY/ BUSI-

NESS MODEL

See standards and regulations

@ SPECIFICATIONS (QUALITY/QUANTITY

GOAL)
Qualitiy goal: Plan is made/doaxmented

High: Detailed plan exists, responsible personimplements
measures and updates it

Middle: Detailed plan exists and fadlity managementtties
to follow it

Low: Handover documentation and maintenance collection
exist, but no detailed plan how to operateit

REFERENCES USED
Standards above and own experience of CRAVEzero part-
ners.



AcTioN: Documentation and Recommendations
LIFE CYCLE PHASE: Operation

€ DESCRIPTION OF THE ACTION

A change of perspective over the entire life cyde of the
buildingis regarded as mandatory prerequisite for sus-
tainable development. Since buildings become com-
plexly equipped, the challenges of planning and design
are met. In order to beable to control the building
technologyatall and to exdude damages due to incot-
rect use, care and maintenance, a complete and always
up-to-date documentation of the building, services and
the plant technologyis absolutely necessary.

In practice, incompleteand pootly structured doau-
mentation often leads to additional costs in building
operation. Necessary doauments are usually missing
and lead to costly rework. Usage-oriented building
doaimentationis not onlyan essential success factor
for theeffident management, itis only possible
through the transparent consolidation of all necessary
dataand plans ofa building, Forexample, if the setvice
life of a componentis noted in the documentation,
maintenance and spare parts proaurement can be bet-
ter planned as a result to be. Impairment due to
maintenance arrears is avoided, which ensutes the
value of the building, Operators can download thein-
formation as a basis forworking in their own processes
and in communiation amongeach other. An inte-
grated information management is therefore an im-
portant tool throughout the entirelifecyde of the plan-
ning progess.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs:  []

Documentation and

Recommendations

© CO-BENEFITS

Valuedevelopment and quality assurance

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
3.10,4.1,4.5, 4.6,4.9

@ IMPORTANCE

o Knowledge about building components / obscured ma-
terials

o Qualitydoaumentation

0 DIFFICULTY
Additional costs for quality checks and documentation should
be recognised.

@© STANDARDS AND REGULATIONS
ENISO 16739

© MAIN DRIVER

Owners

(@ INVOLVED STAKEHOLDERS

Construction company; Authorities; Planners; (Economig
Chambers; Utilities

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

o Green Building Certification
commissioningdocuments

measurement records

acceptance protocol

energy pass / performance certificate

material building pass

Building Information Modeling BIM 7D

O O O O O O

@ SPECIFICATIONS (QUALITY/QUANTITY
GOAL)

High: Green building certificate induding BIM for Fadlity
Management

Middle: Commissioning + component documentation +
material passport

Low: Commissioning + component documentation

REFERENCES USED

http:/ /www.gesundes-haus.ch /architekturarbeiten /das-digi-
tale-bauwerksmodell-ist-die-zukunft.html

https:/ /edochu-betlin.de/bitstream/ han-
dle/18452/2953/161.pdfrsequence=1, bothaaessed at
20th June 2018



acTion: Occupant and operator Training
LIFE CYCLE PHASE: Operation

€ DESCRIPTION OF THE ACTION

User behaviourhas a dedsive influence on building en-
ergy consumptionand a good indoor dimate. Convine
ing buildingconeepts are characterised by the fact that
theuser is enabled to havea large degree of influence
withoutlosingsightofthe fact that up to 15% of en-
ergy costs can besaved by changes in the behaviour of
theuser. These changes can onlybeachieved through
targeted information and motivation and through
buildingtechnology tailored to individual needs.

The expected behaviour of users should thereforebe
taken into account right at the start of planning, A user
profilehas to be aeated in advance; it could, for exam-
ple, indude the behaviourat the workplace in non-resi-
dential buildingsand in handling the electrical lighting
or a switchable sun protection, as well as information
on draughts or natural ventilation. Whether the build-
ing concept is ultimately successful depends crudally
on theactive partidpation of the users.

After the realization of the building, the users should
be informed in detail how they should or can behave,
because the energy savings and optimizations achieva-
ble through structural or technical aspects of a building
are difficult to achieve without suffident instruction
and are often strongly minimized due to ignorance. An
understandable preparation of theinformation for the
following user generations in the form ofan attrac-
tively designed user manual would beideal.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: [][]

(]

© CO-BENEFITS
Energy savings and CO2-reduction

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
3.1,3.3,3.9,4.1,4.2, 4.4, 4.5,4.6

(G IMPORTANCE

Theuserhas avery largeinfluence on the energy effidency of
the building due to his behaviour. If the user behaves "cor-
rectly” and operates the technical systems like planned for,
energy can besaved.

0 DIFFICULTY

Additional costs for quality checks and documentation should
be recognised.

9 STANDARDS AND REGULATIONS
Formulations must be areated that require the processing of
dataand technologies that enable the user to make optimum
useof thebuilding,

Some first drafts for userand operator training whete im ple-
mentet in green building certificates and European projeds
like from the Passive House Institute Germany.

9 MAIN DRIVER

Owners

@ INVOLVED STAKEHOLDERS

Tenants/Users; Construction company; Authorities; Plan-
ners; Munidpalities; (Economic) Chambers; Utilities

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

o DGNBuserguide

o DGNB operator guide

@ SPECIFICATIONS (QUALITY / QUANTITY
GOAL)

High: User manual / operator guide + training,additional
annual evaluation from monitoringdata and optimization
strategy developmentwith user / opetator

Middle: Usermanual / operator guides actively distributed
plus training

Low: User manual + operator guideis available

REFERENCES USED

DGNB 2018

https:/ /www.bmu.de/fileadmin/Daten_BMU/Pools /Broschueren/ effizi-
enzhaus_plus_broschuere_bf.pdf
http://passiv.de/en/05_service/03_literature/030300_user-man-
ual/030300_user-manualhtm, both accessed at 20th June 2018



AcTioN: Problem Dedection and Optimisation
LIFE CYCLE PHASE: Operation

€ DESCRIPTION OF THE ACTION

When building anew nZEB or renovating existing
buildings to nZEB standard, a very im portant action to
check theoperation is the monitoringof different
functionalities and so check all functions of the build-
ing services important to reach nZEB standardin op-
eration. Continuous com patison between planned con-
sumption (adjusted with the real weather data) and real
consumptionshould be made. Automaticalerts should
be sentbyadvanced control and integrated problem
detection, when the energy consumptionof a particular
system is not like planned (too high),or to detect leaks,
system problems etc.

The documentation and alert management is veryim-

portantalso to run the system on an optimised level.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: [[]

b

© CO-BENEFITS

Energyand resource savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
4.2,4.3,4.7,4.8

G IMPORTANCE

HVAC systems account for almost 50% of the energy con-
sumed in buildings. With low investment costs, itis possible
to reach energy savings and so cost savings by optimizing en-
ergy performances of the HVAC systems.

@ DIFFICULTY

Problem detection and optimization procedures can be costly
looking at theinvestment only.

© STANDARDS AND REGULATIONS

o For spedfic technologies like EN12097: Cleanliness cri-
teria for ventilation systems

© Monitoring: M&V (Measurement and verification) or IP-
MVP (International performance and verification) proto-
wls

© MAIN DRIVER

Owners

(@ INVOLVED STAKEHOLDERS

Tenants/ Users; Construction company; Authotities; Plan-

ners; (Economic) Chambers; Utilities

@ METHODOLOGY/ TECHNOLOGY/ BUSI-

NESS MODEL

o DGNBuserguide

o DGNB operatorguide

(® SPECIFICATIONS (QUALITY /QUANTITY

GOAL)

High: Quality assurance process, using regular energy meas-

urements, control algorithmsand optimization by responsi-

ble

Middle: Regular energy measurements and check by person

Low: Simple energy measurements and annual check

REFERENCES USED

own project results



acTtion: Problem Advanced Energy Metering
LIFE CYCLE PHASE: Operation

€ DESCRIPTION OF THE ACTION

'LEED v4' green building certification introduces the
concept of Advanced Energy Metering, which requires,
in addition to monitoring enetgy consumption and on-
site production from renewable sources, to perform
separate monitoring of energy consuming devices,
which represent more than 10% of the total energy
consumption.

In relation to electridty, itis necessary to monitor both
consumptionand demand. Theinstalled sensors will
have to monitor the consumption withan interval of
onehourand be connected to a Business Management
System, BMS, able of storing all metered data for at
least 36 months.

The data must be remotely accessible. All meters in the
system should be aapable of reporting houtly, daily,
monthly, and annual energyuse. The data cllection
system must use aloal area network, building automa-
tion system, wireless network, or comparable commu-

nication infrastructure.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: []]
Co-Benefits: User Motivation

€ CO-BENEFITS
CO2-reduction

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
2.9,3.2, 4.7

(G IMPORTANCE

As indicated by the U.S. Green Building Coundl (USGBO):
"Theintentis to suppott enetgy management and identify op-
pottunities for additional energy savings by tracking building-
level and system-level energyuse."

0 DIFFICULTY

Lack ofICT infrastructure and monitoringsensors, whid to
installin retrospect could be cst intensive.

© STANDARDS AND REGULATIONS

o Green building certification like LEED v4

o Protowls of M&V (Measurement and verification) like
http:/ /taskd0.iea-shcorg/Data/Sites /1/ publica-
tions/STA-MV-protol-for-Net-ZEBs-Final. pdf
(within IEASHC Task 40) or IPMVP (International per-
formance and vetification)

© MAIN DRIVER

Utilities

(@ INVOLVED STAKEHOLDERS

Tenants/ Users; Authorities; Planners; Munidpalities; (Eco-

nomic) Chambers

@ METHODOLOGY/ TECHNOLOGY/ BUSI-

NESS MODEL

o DGNBuserguide

o DGNB operatorguide

( SPECIFICATIONS (QUALITY/ QUANTITY

GOAL)

A broad implementationin new constructionshas to be pur-

sued, in order to monitor the effectivness of energy effi-

dency measutes adopted.

High: All energy consumingfadlities of the building are
measured and connected to the BMS

Middle: Allimportant energy consuming fadlities of the
buildingare measured and controlled

Low: Mostimportant energy consuming parts of the build-
ing (heating, electridty and domestichot water) are meas-
ured and yearly checked

REFERENCES USED

Info at https:/ /www.usgbcotg/node/26128557re-
turn=/ credits /new-construction /v4/energy-%26-atmos-
phere, accessed at 27th July 2018



AcTioN: User Information on Energy Expenditure
LIFE CYCLE PHASE: Operation

€ DESCRIPTION OF THE ACTION

User behaviour has adedsive influence on the build-
ing's energy consumption and operational costs. The
users should beinformedin detail how they should be-
have or an, becuse the energy savings and optimiza-
tions achievable through structural or technical aspects
of a building are difficult to achieve withoutadequate
instruction and are often greatly minimized due to ig-
norance.

Optimal would be an understandable preparation of
theinformation for the subsequent user generations in
the form of an appealingly designed user manual.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: [
Co-Benefits: User Motivation

© CO-BENEFITS

Energy and resource savings

O CONFLICT OF AIM WITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
42,43,4.7,4.8

(G IMPORTANCE

Up to 15% of the energy costs can be saved by behaviousl

changes of the users.

e DIFFICULTY

To activate the energy saving potential time and effort on

communication is necessary.

© STANDARDS AND REGULATIONS

o ENISO 52003 Energy performance of buildings — Indi-
atots, requitements, ratings and certifcates

o LEED CS-v4 SSc7: Tenant Design and Construdion
Guidelines

o BREEAM NC 2017, 5.0 Management (Commissioning,
handoverand aftercare)

© MAIN DRIVER

Citizen groups/NGOs

@ INVOLVED STAKEHOLDERS

Tenants/Users; Authorities; Munidpalities; (Economid

Chambers; Utilities

@ METHODOLOGY/ TECHNOLOGY/ BUSI-

NESS MODEL

IT solutions for future information

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)
Quality goal: Common energy expenditure is communicated

to users.

High: Atleast dailyinformed users of buildings by displays,
apps or similar

Middle: Monthly informed users

Low: Yearly information about energy expenditure

REFERENCES USED

Expetience from CRAVEzero partner organizations



AcTioN: System Test Procedures
LIFE CYCLE PHASE: Operation

€ DESCRIPTION OF THE ACTION

To run a nZEB optimally, spedfic system test proce-

dures can help for qualityassurance measures. Test po-

cedures may be divided into the following:

o Self controls: Usually arried out by the person
who does a spedfic operation/work. The self con-
trolhas a limited scope. E.g. control of measured
air flow at an air duct.

o Tests: Usually carried out bya third party. The test
has a limited scope. E.g. air tightness test of build-
ing envelope.

o Coordinated test: Usually onducted to ensurea
spedfic function which requires several different
entrepreneurs/actors. The test has awide scope.
E.g. fire saftey functions depends on severel differ-
ent components, delivered and installed by differ-
ent entrepreneurs.

o Commissioning: The commissioning indudes con-
trolling of self controls, tests and coordinated tests.

o After theaboveis approved, the building is com-
missioned according to spedfications from the
planning phase.

This mayindude operating time schedules for ventila-

tion and lighting, set point temperatures for the heating

control, etc.

© EXAMPLES (CASE STUDY A)

00O

Influence on Follow-up Costs:
Co-Benefits: User Acceptance

[ ]
| | | |

U‘O:

© CO-BENEFITS

Valuedevelopment and quality assurance

O CONFLICT OF AIMWITH OTHER
ACTIONS

6 INFLUENCES ON OTHER ACTIONS
3.3,3.9,4.2,4.6,4.8

(G IMPORTANCE

A building not commissioned in a correct way will not pet-
form as planned in the planning phase - system tests help to
understand why.

© DIFFICULTY

o Identifyingimportant aspects for tests
o Planning for tests - a lot of knowledge needed

© STANDARDS AND REGULATIONS
E.g. from SQUARE project: http://www iee-square.eu/de-
fault.asp

© MAIN DRIVER

Owners

@ INVOLVED STAKEHOLDERS
Tenants/ Users; Authorities; Planners; Munidpalities; (Eco-
nomic) Chambers; Utilities

@ METHODOLOGY/ TECHNOLOGY/ BUSI-
NESS MODEL

(® SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

Tests and quality assurance procedures are targeted durign
and after ommissioning,

High: Spedfications are madeand system test procedures
are written downand cartied out regulatly

Middle: Spedfications are madeand some tests carried out
regularly

Low: System test procedures are made butlacdkimplementa-
tion

REFERENCES USED

from own project results like above

AcTioN: Building Automation



LIFE CYCLE PHASE: Operation

@ DESCRIPTION OF THE ACTION

By equipping buildings with bus systems, there are nu-
merous possibilities to automatically control and regu-
late thelife processes in thehouse, as well as to use en-
ergy sparingly. For this purpose, in addition to the not-
mal electrical installation, a two-core, shielded 24-volt
able is routed through the building. Thisbusline con-
nects all devices with each other fordecentralized
communication and com pares data streams via inte-
grated chips in the connected switches and devices.
Thereported states of the devices can thus be reacted.
This development was driven by advances in electron-
ics and computer technologyand theincreasing need
for comfort (remote control of many functions, intelli-
gent blinds controls, automaticroom tem perature con-
trol, light control), security (presence and motionde-
tectors, wind detectors, burglary, fire and smoke detec-
tion systems, etc.) and aboveall - from an ecological
point of view and in view of increased enetgy prices -
energy and cost savings.

Espedally forheating, for the lighting and hot water
supply, energy can be saved. Although theinitial in-
vestmentis higher than conventional technology, the
higher cost of energy saving over the lifetime of the
buildingpays off. Additionallyload management and
demand responseactions can be implemented.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: [
Co-Benefits: User Motivation

Media
Control Analysis
Building
Automation Weather
Ventilation
Securtity
© CO-BENEFITS

CO2-reduction and increased energy flexibility

O CONFLICT OF AIMWITH OTHER
ACTIONS

© INFLUENCES ON OTHER ACTIONS
4.1,4.2,4.4,4.6

G IMPORTANCE
Energy consumption can be optimised, and adjusted to the

demand. Significant energy savings can be reached.

@ DIFFICULTY

Investment cost and maintenance effort.

@ STANDARDS AND REGULATIONS
EN 15232:2012 - Energy Performance of Buildings — Impad
of Building Automation, Controls,and Building Management

© MAIN DRIVER

Planners

@ INVOLVED STAKEHOLDERS

Owners; Authorities; Munidpalities; (Economic) Chambers;
Utilities

@ METHODOLOGY/ TECHNOLOGY/BUSI-
NESS MODEL

Examples of electridty savings in buildings usingbuilding au-

tomation:

o Daylight-dependent lighting control (depending on the light
from the outside, the lighting is automatically controlled so that,
for example,aconstant brightnessis achieved at the workplace).

o Light scene control (lowering the brightness and switching on
or off certain lights / lighting groups depending on the task or
life process).

o Economical decentralized water heating with electronic instan-
taneous water heaters, which provide as much hot water as is
really needed.

o Optons for remote control and / or remote inquiry (for exam-
ple, query whether electrical appliances such as stove or iron
were turned off and possibly remote control power off).

O Central functions like ones that influence device groups or the
whole building from a push-button, the door lock or also via
time control; e.g. automatically shut down "all lamps", shut
down all heating circuits to frost protection or lower shutters

when closing the building.

( SPECIFICATIONS (QUALITY/ QUANTITY
GOAL)

High: Fullyintegrated building automation system with pre-
dictive and self-learning control possibilities

Middle: Building automation system with control possibili-
ties of mostimportant applications

Low: Not bus-connected control system with only basic
control possibilities

REFERENCES USED

own project results



action: Hydraulic Balancing
LIFE CYCLE PHASE: Operation

€ DESCRIPTION OF THE ACTION

When centralized heating systemsare used in nZEBs,
the heating pipe networks have significant linelengths
with numerous pressure-redudng branches, bendsand
fittings. The flow and heat transfer, with increasing dis-
tance from the boiler system and pump,are increas-
inglylow. For radiators thatare at theend of a heating
line, this can lead to a shortage. Because of these com-
fort problems with sparsely supplied radiators or heat-
ing surfaces mainly occurring within longlines, a hy-
draulic ompensation has to be done.

The so got uniform supply of all heating surfaces with
heat energy from a central heating system can lower
the network tem peratures and thusreduce transport
losses. The adjustment can be made on strands or di-
rectly on the heating surfaces and can be controlled by
installing and adjusting control elements.

For heating systems with utilization of condensing
technology, the calorific value gain increases dueto the
lower return tem peratures from calibrated systems.
Theuniform supply of all heating surfaces increases
comfort and cosiness without the need for excess tem-
peratures in the heating network.

© EXAMPLES (CASE STUDYA)

Influence on Follow-up Costs: [1[]

Too Little
Supply

Excess
Supply

Pump

e CO-BENEFITS
Comfort

O CONFLICT OF AIM WITH OTHER
ACTIONS

6 INFLUENCES ON OTHER ACTIONS
2,24

(G IMPORTANCE

o About5-10%energy savings can be achieved by hydraulic
balandng.

o The comfort of exposed dwellings, far from the heating
unitofa nZEB, increases.

o Further advantages: Noise in the heating system is
avoided, and the auxiliary energy consumption for the
necessary pumps is lower.

@ DIFFICULTY

o Knowhow and experience with hydraulic balandng is
needed to achieve it propetly.

o Could be costlywhen neglected in the watranty phase.

© STANDARDS AND REGULATIONS

o DIN 18380: German construction contract procedutes
(VOB) - Part C: General technical spedfications in con-
struction contracts (ATV) - Installation of central heating
systems and hot water supply systems

o EN 14336: Heating systemsin buildings - Installationand
commissioningof water based heating systems

© MAIN DRIVER

(Economic) Chambers

(@ INVOLVED STAKEHOLDERS

Tenants/ Users; Ownets; Citizen groups/NGOs; Utilities

@ METHODOLOGY/ TECHNOLOGY/ BUSI-

NESS MODEL

A hydraulichbalandng can be done mainlyin two ways:

o First limiting the flow through the radiators next to the
boiler / heating source by manipulating the valves.

o Sewnd wnnecting the radiators by the so aalled "Tichel-
mann" pipe system - where every radiator has the same
length of flow and return pipes to the boiler.

( SPECIFICATIONS (QUALITY/ QUANTITY

GOAL)

The quality of the operation ofa central heating system is to

a high share depending on hydraulicbalandng and right

control of pumps and flow/ return tem petatures. So one

oould rate a system like:

High: Hydraulicbalandng is made within the commission-

ingphaseofanZEB

Middle: Hydraulichbalandng is made within the warranty

phaseofanZEB

Low: Hydraulicbalandngis not considered during planning

and warranty, but later

REFERENCES USED

https:/ /www.hydraulischer-abgleich.de/ allgemeines/ set-

vice/normen/, accessed at 7th June 2018; see standards

above



ANNEX I1I: TERMINOLOGY

Life CYCLE Phases

1)

2)

3)

4

5)

Political Decision and Urban Planning
a) Regional Planning

b) Urban Design

¢) Preparation and Brief

Planning

a) Concept Design

b) Authorisation Planning
c) Technical Design

Construction

a) Tender/Construction Contracts
b) Construction phase

¢) Commissioning/ Handover

Operation
a) Operation
b) Monitoring

¢) Maintenance

Renovation

a) Small Renovation

b) Deep Energy Retrofit
¢) End of Life

Life CYCLE COSTS

D

A N
N N N

A Ul

(Infrastructure Costs? / Utban Planning
Costs?)

Planning Costs

Construction Costs

Operating Costs

Maintainace/ Repair Costs
Renovation Costs

e Image

e Role model / Pioneering role
e Creative quality

e Durability

® user satisfaction

Terms and Definitions

ACQUISITION COST

7) Disposal Costs

8) Non Construction-Costs
a) Land and Enabling Works
b) Finance
¢) Externalities

9) Income

a) Rental Income
b) Third Party Income
¢) Disruption

Stakeholders

Society

Authority/ municipality

Real estate fund

Profit developet/ investor
Landlord

Client/ Owner

Tenant/user

Masterplanner

Architect

Civil and structural engineer
Building services engineer
Planning consultant
Construction company
Facility manager

Other additional project role 1
Other additional project role 2

Co-Benefits

Resource savings
Value development
Lettability

Rental income

Comfort



all costs included in acquiring an asset by purchase/lease or construction procutement route, excluding costs
during the occupation and use or end-of-life phases of the life cycle

CAPITAL COST

initial construction costs and costs of initial adaptation where these are treated as capital expenditure

DISCOUNTED COST
resulting cost when the real cost is discounted by the real discount rate or when the nominal cost is discounted
by the nominal discount rate

DISPOSAL COST

costs associated with disposal at the end of its life cycle

END-OF-LIFE COST

net cost or fee for disposing of a building at the end of its service life or interest period

EXTERNAL COSTS

costs associated with an asset that are not necessarily reflected in the transaction costs between provider and
consumer and that, collectively, are referred to as externalities

MAINTENANCE COST
total of necessarily incurred labour, material and other related costs incurred to retain a building or its parts
in a state in which it can perform its required functions

NOMINAL COST
expected price that will be paid when a cost is due to be paid, including estimated changes in price due to, for
example, forecast change in efficiency, inflation or deflation and technology

OPERATION COST

costs incurred in running and managing the facility or built environment, including administration support
services

REAL COST
cost expressed as a value at the base date, including estimated changes in price due to forecast changes in
efficiency and technology, but excluding general price inflation or deflation

NET PRESENT VALUE

sum of the discounted future cash flows

Acronyms

CHP Combined Heat and Power

PV Photovoltaic

COP Coefficient of performance

DHW Domestic hot water

DSM Demand side management

HVAC Heating, ventilation and air conditioning
nZEB Net zero energy building(s)

nZEB Nearly zero energy building(s)



RES Renewable energy sources

max Maximum

min Minimum

CoC Cost of Capital

LCC Life-Cycle Costs

LCCA Life-Cycle Costs Approach
WILC Whole-Life-Cycle Costs
NPV net present value
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