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1. NEED4B METHODOLOGY WORKFLOW
AND IMPLEMENTATION

4

In order to efficiently manage the implementation of NEED4B methodology ensuring an
appropriate application of its principles as well as of the whole steps and mechanisms, a
dedicated group of specialized professionals named “Energy Efficiency Team” (EET) has to be
set and appointed at the beginning of each project. The composition of the EET is established
according to the building typology, size and complexity. The EET members are selected
among the main stakeholders involved in the project, with specific expertise in the innovative
approaches integrated into the NEED4B methodology (IPD1, BIM2, LCA3 and LCC4) as well as
with high competences in the scientific criteria (technical, energetic, economic/bureaucratic
area). The main professional figures commonly involved in the EET are architects, engineers
and qualified surveyors specialized in particular technical sectors considered as crucial for
the specific project, working for architectural studies, engineering firms, consultancy and
construction companies. Nevertheless, stakeholders may be also external consultants out
of the effective project team involved in the specific phase. The main role of the EET is to
coordinate all the different stakeholders involved in the Design, Construction and Operation
& Maintenance of the new low energy building by providing them with the main outputs from
the implementation of the NEED4B methodology applied in the various phases of the project,
as shown in the figure below.

In this framework, the NEED4B methodology shall be intended as a support to the consultancy
service provided by the EET for the benefit and the success of the building project. Periodical
meetings of the EET shall thus be organized (at least at the beginning of each project phase)
in order to implement the NEED4B methodology and transfer the results to the project
stakeholders involved in the different phases of the building process. The results of the
methodology are in terms of approaches, detailed in relevant recommendations, to be put in
practice in the different stages of the building project as well as key documents to be produced
to effectively achieve the targets set at the beginning of the project, with particular reference
to the energy efficiency.
1

:BIM: Building Information Modeling		

:IPD: Integrated Project Delivery		

2

:LCA: Life Cycle Analysis		

3

4

:LCC: Life Cycle Cost
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Figure below schematizes the workflow related to the NEED4B methodology to be applied
for new constructions with a target of low energy buildings. The logical stream goes through
the three main blocks representing the most important phases for the implementation of
a new building, starting from the design, through the construction up to the operation and
maintenance phase.

The starting point of the NEED4B methodology is represented by the preliminary phase of
building characterization and boundary conditions identification. These project features can
significantly affect the design of the energy efficient building, determining the transition from
the general methodology, applicable to a whatever building, to the NEED4B methodology
applied to a specific new low energy efficiency building. At this stage the following aspects
have to be investigated:
• The requirements from the national building regulation
• The main project stakeholders per each project phase
• The client/end user needs and requirements
• The potential project constraints (technical, physical, bureaucratic, etc.)
• The connections among requirements and options/solutions
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As mentioned before, the main principles of the IPD, BIM and LCA/LCC approaches as well
as the technical, energetic and economic/bureaucratic criteria are integrated within the
whole NEED4B methodology through all the three main project phases: Design, Construction
and Operation & Maintenance. Moreover, the NEED4B methodology takes into consideration
the user requirements related to cost effectiveness, energy performance, quality, time of
delivery and environmental impact, always along the three main phases. To fulfill these user
requirements, the EET may leverage on two dedicated mechanisms at the basis of the NEED4B
methodology, namely the Optimization and Prioritization mechanisms (whose implementation
and use is hereafter provided per each phase).
If the NEED4B methodology is properly applied, starting from the building characteristics and
boundary conditions, it will be possible to obtain by means of the Optimization Mechanism, the
main general recommendations for the design phase, properly clustered according to the type
of recommendation, integrated and chronologically ordered. Then, these recommendations
will be properly prioritized according to the Prioritization Mechanism. This will allow each
stakeholder involved in the design phase to properly implement the design process where
calculation tools are used for improving the design and for selecting the best among different
options. Then, during the design review, differences between the building as-designed and
as-built shall be identified, where information about expected performance of the building
is provided at this stage. Feedback in this stage may help the designers to improve future
projects by learning from their experience.
Then, project team can enter the construction phase with the dedicated engineering
documents produced (executive design) and the same procedure will be applied to obtain
proper recommendations prioritized to build a low energy efficient building. At the end of the
Construction Phase, after the installation of equipment and systems, the commissioning is
carried out in order to ensure that they are tested in operation and perform safely, satisfactorily
and efficiently. Results can improve the functioning of the systems and used as feedback for
handover for potential problem resolutions. The construction audit aims at reviewing the
construction to give feedback to the contractors about the construction process efficiency.
Finally post construction tests to verify fabric and systems’ performance, like air-tightness and
thermography, may be carried out to determine the efficiency of the systems and quality of
building fabric. They can provide feedback to contractors for the faults in the process and to
designers for the performance of the building envelope.
Finally the manual for end-users will collect all the recommendations related to the operation
and maintenance phase, obtained taking into account both the innovative approaches and the
scientific criteria (as for the previous phases) together with the main targeted needs according
to the stakeholders involved at this stage of the “building path”. During the operation, users
can monitor the energy consumption of the building to reduce it. In this context, an external
party (in-use monitoring (internal)) may work closely with the users of the building monitoring
the operation phase, in order to identify possible improvements on the performance. These
studies may help designers understand better the needs of the end-user. On the contrary, also
an external party (in-use monitoring (external)) may carry out the monitoring of the operation
phase without the participation of the users of the building.
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2. DESIGN PHASE
A. Definition and establishment of the Energy Efficiency Team
B. Organization of the Design Kick Off meeting for implementing NEED4B
methodology
C. Evaluation of the Optimization Mechanism for the Design Phase
D. Implementation of the Prioritization Mechanism for the Design Phase
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2.1 Optimization Mechanism for the Design Phase
The Optimization Mechanism for the Design Phase is a work instrument that integrates
different strategies and approaches towards the design of new low energy buildings.
The Optimization Mechanism for the Design Phase enables the NEED4B methodology’s
users, namely the Energy Efficiency Team, to understand what has to be taken into account
and when, during the project design of new low energy buildings.
• The “what has to be taken into account” is provided in terms of recommendations,
dealing both with innovative approaches (namely IPD, BIM, LCA-LCC) and scientific
criteria (Technical, Energetic, Economic/bureaucratic) and having a Level of Details
(LoDs) so that can be replicable and applicable to all kind of buildings in EU.
• The “when has to be taken into account” is provided leveraging on a dedicated
time scheduling related to the Design Phase and compliant with the different time
scheduling of the included methodologies and approaches phases.
The integrated version of the Optimization Mechanism provides a unique Gantt Chart
where the recommendations have been optimized, refined and reduced in number as
well as integrated together, in order to be more manageable. Per each recommendation
a detailed description is provided in a dedicated booklet (available in Paragraph
2.2.1) and the related timing to apply it. The EET may have a clear overview of all the
recommendations to be implemented and on the timing to implement them, whether
cluster they are allowing to. Moreover, the list of the specific stakeholders involved in
each Design phase as well as in the development of the needed design documents to be
delivered is also provided.
Added value of the Optimization Mechanism:
• Integration of different innovative methodologies
• Recommendations properly clustered according to different approaches and criteria
• Relationship among recommendations (links)
• Relationship between what and when
• Stakeholders involved in each Design phase
• Documentations needed from whom and with the support of whom

Process:
By positioning in a specific point of the Design Phase, the user will be able to extract the
related recommendations for the single innovative approach/criteria in order to take them into
account in the right moment within the design process and go into further details if necessary,
thanks to the document developed within the project.
The Optimization Mechanism may be used in two ways:
• Front side scheme: to have a global overview of the recommendations, properly grouped
together according to main topics, in order to be always effective and useful but also
more manageable. In this case, recommendations are ordered according to their time
scheduling mainly in order to provide a unique synthetic instrument to the user to be
consulted according to the specific phase ongoing
• Rear side schemes: to have an overview of the single cluster of recommendations
developed, related to innovative approaches, in terms of Integrated Project Delivery (IPD),
Building Information Modeling (BIM), Life Cycle Analysis (LCA), Life Cycle Cost (LCC) and
scientific criteria, in terms of Technical, Energetic and Economic/bureaucratic criteria.
As already mentioned, per each recommendation, a more detailed description is available
within the booklet for the Design Phase, reported at Paragraph 2.2.1.
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ĞǆƚƌĂĐŽƐƚƐ

ϭ^^
4SS


48

WƌŽũĞĐƚĐŽƐƚƐƐƚƌƵĐƚƵƌĞƐĞƚͲƵƉ;ůŝŶŬĞĚƚŽ/DͿ

4SS
ϭ^^

4

&ŝŶĂŶĐŝĂůŝŶĐĞŶƚŝǀĞƐĂŶĚĨƵŶĚŝŶŐƐĐŚĞŵĞƐĂŶĂůǇƐŝƐ

NEED4B project
3URMHFW*DVWRQHSURYD
Optimization Mechanism
Design Phase
'DWH)UL

(&21,0,&

SS: Start to Start
(1(5*(7,&

7(&+1,&$/

FS: Finish to Start

/&$/&&

3DJH

12

SF: Start to%,0
Finish

'HFHPEHU
-DQXDU\ )HEUXDU\0DUFK $SULO

,3'

0D\

PERMITTING PHASE
DETAILED DESIGN

-XQH

-XO\

FINAL DESIGN

$XJXVW 6HSWHPEHU
2FWREHU 1RYHPEHU
'HFHPEHU
-DQXDU\

FEASIBILITY STUDY
CONCEPTUAL/PRELIMINARY DESIGN

ENERGETIC Recommendations for the Design Phase
7DVN1DPH

,'

Linked to
3UHGHFHVVRUV

3

ƵŝůĚŝŶŐŶĞƌŐǇDĂŶĂŐĞƌŝĚĞŶƚŝĨŝĐĂƚŝŽŶ

22


^ĞƚƵƉďƵŝůĚŝŶŐĞŶĞƌŐǇƉĞƌĨŽƌŵĂŶĐĞŝŶĚŝĐĂƚŽƌƐĂŶĚƚĂƌŐĞƚƐ


30

/YƌĞƋƵŝƌĞŵĞŶƚƐĂŶĂůǇƐŝƐĂŶĚƚĂƌŐĞƚƐƐĞůĞĐƚŝŽŶĨƌŽŵƚŚĞǀĞƌǇďĞŐŝŶŶŝŶŐ

22SS
Ϯ^^нϱĚĂǇƐ

31


ŝŽĐůŝŵĂƚŝĐĚĞƐŝŐŶŝŵƉůĞŵĞŶƚĂƚŝŽŶĨŽƌŶĞǁůŽǁĞŶĞƌŐǇďƵŝůĚŝŶŐƐ

Ϯ^^
22SS


38

^ĞƚͲƵƉŽĨĂD/>^dKEĨŽƌƚŚĞĞŶĞƌŐǇƉĞƌĨŽƌŵĂŶĐĞĂĐĐŽŵƉůŝƐŚŵĞŶƚǀĞƌŝĨŝĐĂƚŝŽŶ


41

ŶĂůǇƐŝƐĂŶĚƉƌĞůŝŵŝŶĂƌǇƐĞůĞĐƚŝŽŶŽĨƚŚĞŵŽƐƚƐƵŝƚĂďůĞ/YƐƚƌĂƚĞŐŝĞƐĨŝŶĚŝŶŐƚŚĞďĞƐƚƚƌĂĚĞͲŽĨĨďĞƚǁĞĞŶ
ĞŶĞƌŐǇƐĂǀŝŶŐƐĂŶĚĐŽŵĨŽƌƚŽĨŽĐĐƵƉĂŶƚƐ

ϯ^^
30SS

42


ŶĞƌŐǇƐĐĞŶĂƌŝŽƐĂŶĂůǇƐŝƐƚŽǁĂƌĚƐƚŚĞŶĞƌŐǇ^ĂǀŝŶŐƐZĞƉŽƌƚĚĞǀĞůŽƉŵĞŶƚ

Ϯ^^
22SS


43

ĞƐŝŐŶŽĨƚŚĞŵŽƐƚƐƵŝƚĂďůĞŽƉƚŝŽŶƐĨŽƌƚŚĞďƵŝůĚŝŶŐƐƚƌƵĐƚƵƌĞĂŶĚĞŶǀĞůŽƉĞ

42SS
ϳ^^


44

ĞƐŝŐŶŽĨƚŚĞŵŽƐƚƐƵŝƚĂďůĞŽƉƚŝŽŶƐĨŽƌƚŚĞ,sƐǇƐƚĞŵƐ͕ŵŝŶŝŵŝǌŝŶŐĞŶĞƌŐǇĚĞŵĂŶĚĂŶĚĨŽƐƚĞƌŝŶŐ
ŶĂƚƵƌĂůĐŽŽůŝŶŐƐǇƐƚĞŵƐ

42SS
ϳ^^


51

ŶĞƌŐĞƚŝĐďƵŝůĚŝŶŐƐŝŵƵůĂƚŝŽŶƐƐĞƚͲƵƉĨŽƌĞǀĂůƵĂƚŝŶŐƚŚĞďƵŝůĚŝŶŐĞŶĞƌŐǇĚĞŵĂŶĚ

42SS
ϳ^^

52


ŶĞƌŐǇŵŝǆ;ƌĞŶĞǁĂďůĞĂŶĚŶŽŶͲƌĞŶĞǁĂďůĞͿĂƐƐĞƐƐŵĞŶƚ

42SS
ϳ^^


53

ĞƐƚƚƌĂĚĞͲŽĨĨďĞƚǁĞĞŶZ^ĂǀĂŝůĂďůĞĂŶĚƚŚĞƌĞůĂƚĞĚZdƚŽďĞŝŵƉůĞŵĞŶƚĞĚ

52SS
ϭϭ^^

54


ĐƚŝǀĞĂŶĚƉĂƐƐŝǀĞƚĞĐŚŶŽůŽŐŝĞƐĂŶĂůǇƐŝƐ

42SS
ϳ^^


55

ŶĞƌŐǇƌĞĐŽǀĞƌǇƐǇƐƚĞŵƐĞǀĂůƵĂƚŝŽŶ

42SS
ϳ^^


56

ĂǇůŝŐŚƚŝŶŐĂŶĂůǇƐŝƐƚŽŽƉƚŝŵŝǌĞƚŚĞĞŶĞƌŐǇĐŽŶƐƵŵƉƚŝŽŶ

ϳ^^
42SS

57


ĞƐŝŐŶŽĨƚŚĞŵŽƐƚƐƵŝƚĂďůĞŽƉƚŝŽŶĨŽƌǁĂƚĞƌĂŶĚǁĂƐƚĞŵĂŶĂŐĞŵĞŶƚƐǇƐƚĞŵƐ

58


ĞƐŝŐŶŽĨƚŚĞŵŽƐƚƐƵŝƚĂďůĞŽƉƚŝŽŶƐĨŽƌ/dƐǇƐƚĞŵƐ

42SS
ϳ^^


59

ĞƐŝŐŶŽĨƚŚĞƐĞůĞĐƚĞĚƐƚŽƌĂŐĞƐǇƐƚĞŵ

42SS
ϳ^^

61


tĂƚĞƌƐƵƉƉůǇĂŶĂůǇƐŝƐƚŽǁĂƌĚƐďĞƐƚƐŽƵƌĐĞƐĞůĞĐƚŝŽŶ

57SS
ϭϲ^^


62

tĂƐƚĞĂŶĚďǇͲƉƌŽĚƵĐƚƐŵŝŶŝŵŝǌĂƚŝŽŶƚŚƌŽƵŐŚĂƉƌŽƉĞƌŵĂŶĂŐĞŵĞŶƚ

57SS
ϭϲ^^


72

ĞƐŝŐŶŽĨƚŚĞŵŽƐƚƐƵŝƚĂďůĞZdĨŽƌƚŚĞƐĞůĞĐƚĞĚZ^

73


WĂƐƐŝǀĞƚĞĐŚŶŝƋƵĞƐŝŵƉůĞŵĞŶƚĂƚŝŽŶ


74

^ĞůĞĐƚŝŽŶŽĨĐƵƐƚŽŵŝǌĞĚƐŽůƵƚŝŽŶƐĨŽƌĞǆƚĞƌŶĂůŐůĂǌŝŶŐƐǇƐƚĞŵƐ


75

ĞƚĂŝůĞĚĂŶĂůǇƐŝƐĨŽƌǁŝŶĚŽǁƐĚĞƐŝŐŶŽƉƚŝŵŝǌĂƚŝŽŶ


76

^ĞůĞĐƚŝŽŶŽĨĐƵƐƚŽŵŝǌĞĚƐŽůƵƚŝŽŶƐĨŽƌƐŚĂĚŝŶŐƐǇƐƚĞŵƐ


77

hƐĞŽĨĞŶĞƌŐǇĞĨĨŝĐŝĞŶƚůŝŐŚƚŝŶŐĂŶĚĐŽŶƚƌŽůƐǇƐƚĞŵƐƚŽŵŝŶŝŵŝǌĞĞŶĞƌŐǇĐŽŶƐƵŵƉƚŝŽŶ


78

ƵŝůĚŝŶŐĚĞƐŝŐŶƚŽǁĂƌĚƐƚŚĞŝŶĐƌĞĂƐĞŽĨĞŶĞƌŐǇƉĞƌĨŽƌŵĂŶĐĞƐĚƵƌŝŶŐƚŚĞƵƐĞƉŚĂƐĞ


79

tŝŶĚƚƵƌďŝŶĞƐĚĞƐŝŐŶŽƉƚŝŵŝǌĂƚŝŽŶ

Ϯϭ^^
72SS


80

WsŵŽĚƵůĞƐĚĞƐŝŐŶŽƉƚŝŵŝǌĂƚŝŽŶ

72SS
Ϯϭ^^


81

WŽǁĞƌĨůŽǁƐĂŶĚĞŶĞƌŐǇƐƚŽƌĂŐĞŽƉƚŝŵŝǌĂƚŝŽŶ

59SS
ϭϴ^^


82

&ŝŶĂůĚĞƐŝŐŶŽŶĞŶĞƌŐǇƐŝŵƵůĂƚŝŽŶƌĞƐƵůƚƐĂŶĚŽƐƚͲKƉƚŝŵĂůDĞƚŚŽĚŽůŽŐǇ

NEED4B project
3URMHFW*DVWRQHSURYD
Optimization Mechanism
Design Phase
'DWH)UL

(&21,0,&

'HFHPEHU
-DQXDU\ )HEUXDU\0DUFK $SULO

0D\

PERMITTING PHASE
DETAILED DESIGN

-XQH

-XO\

FINAL DESIGN

$XJXVW 6HSWHPEHU
2FWREHU 1RYHPEHU
'HFHPEHU
-DQXDU\

54SS
ϭϯ&^нϭĚĂǇ

(1(5*(7,&

74FS
Ϯϯ^^

SS: Start to Start
7(&+1,&$/

/&$/&&

FS: Finish to Start

%,0

SF: Start to,3'
Finish

3DJH
FEASIBILITY STUDY
CONCEPTUAL/PRELIMINARY DESIGN

IPD Recommendations for the Design Phase
7DVN1DPH

,'

Linked to
3UHGHFHVVRUV

6

KǁŶĞƌͬŶĚhƐĞƌƐŝŶǀŽůǀĞŵĞŶƚĨƌŽŵƚŚĞǀĞƌǇďĞŐŝŶŶŝŶŐĂŶĚƉĞƌŝŽĚŝĐĂůĐŽŶƐƵůƚ;'KͲEKͲ'KƉƉƌŽǀĂůͿƚŽ
ĐŽŶƐŝĚĞƌƐƚĂŬĞŚŽůĚĞƌƐĨĞĞĚďĂĐŬ

7

<ĞǇƐƚĂŬĞŚŽůĚĞƌƐƉƌŽŵƉƚĂŶĚĐůĞĂƌŝĚĞŶƚŝĨŝĐĂƚŝŽŶ

9

͞ĞƐƚĨŽƌƉƌŽũĞĐƚ͟ďĂƐĞĚĚĞĐŝƐŝŽŶŵĂŬŝŶŐ


10

dƌĂŝŶŝŶŐƚŽƐƚĂŬĞŚŽůĚĞƌƐĂďŽƵƚĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇƚŽƉŝĐƐ


11

WƌŽũĞĐƚDĞĞƚŝŶŐƐƐĐŚĞĚƵůŝŶŐĂŶĚ<KDKƌŐĂŶŝǌĂƚŝŽŶ

Ϯ^^
7SS


12

ZĞŐƵůĂƚŽƌǇĂŶĚWĞƌŵŝƚƚŝŶŐŐĞŶĐǇƉƌĞůŝŵŝŶĂƌǇŝŶǀŽůǀĞŵĞŶƚ

Ϯ^^
7SS


18

ŽŵŵƵŶŝĐĂƚŝŽŶWůĂŶĚĞǀĞůŽƉŵĞŶƚĂŶĚŽŵŵƵŶŝĐĂƚŝŽŶĐŚĂŶŶĞůƐƚĞƐƚ


19

WƌŽũĞĐƚĂƌĐŚŝǀĞͬĚĂƚĂďĂƐĞƐĞƚƵƉ

ϵ^^нϯϬĚĂǇƐ
32SS


32

ĞƐŝŐŶƚĞĂŵŽƌŐĂŶŝǌĂƚŝŽŶ

Ϯ^^нϯϬĚĂǇƐ
7SS


37

ZĂƚŝŽŶĂůǁŽƌŬĚŝƐƚƌŝďƵƚŝŽŶƚŽŽƉƚŝŵŝǌĞƐƚĂŬĞŚŽůĚĞƌƐǁŽƌŬƐ

Ϯ^^нϲϬĚĂǇƐ
7SS


64

dĂŬŝŶŐĂĚǀĂŶƚĂŐĞŽĨƚŚĞƉŽŝŶƚŽĨǀŝĞǁŽĨĂƐŵĂŶǇƐƚĂŬĞŚŽůĚĞƌƐĂƐƉŽƐƐŝďůĞĨŽƌŬĞǇƚĞĐŚŶŽůŽŐŝĞƐ
ŝĚĞŶƚŝĨŝĐĂƚŝŽŶ

65


^ƚĂŬĞŚŽůĚĞƌƐĐŽŽƉĞƌĂƚŝŽŶĂŶĚŵŽƚŝǀĂƚŝŽŶŵĞĐŚĂŶŝƐŵĚĞǀĞůŽƉŵĞŶƚ


70

ǀĂůƵĂƚŝŽŶŽĨƐƚĂŬĞŚŽůĚĞƌƐƉĞƌĨŽƌŵĂŶĐĞƐƚŚƌŽƵŐŚĂĚĞĚŝĐĂƚĞĚWůĂƚĨŽƌŵ


85

/ŶǀŽůǀĞŵĞŶƚŽĨƐƵďĐŽŶƚƌĂĐƚŽƌƐĂŶĚǀĞŶĚŽƌƐƚŽĨŽƐƚĞƌƚŚĞĐŽůůĂďŽƌĂƚŝŽŶǁŝƚŚĨĂďƌŝĐĂƚŽƌƐ


86

ĞƚĂŝůĞĚĚĞƐŝŐŶĐŚĞĐŬĂŶĚĂŐƌĞĞŵĞŶƚƚŽƐŽůǀĞƌĞŵĂŝŶŝŶŐŝŶĐŽŶƐŝƐƚĞŶĐŝĞƐŽƌĐŽŶĨůŝĐƚƐďǇŽƌŐĂŶŝǌŝŶŐĂĨŝŶĂů
ǁŽƌŬƐŚŽƉ


92

^ƚĂŬĞŚŽůĚĞƌƐĐŽŽƌĚŝŶĂƚŝŽŶĨŽƌĚŽĐƵŵĞŶƚƐŐĞŶĞƌĂƚŝŽŶ


104

ŽŶƚƌĂĐƚŽƌŝŶǀŽůǀĞŵĞŶƚĨƌŽŵƚŚĞǀĞƌǇďĞŐŝŶŶŝŶŐ


105

ĚŵŝŶŝƐƚƌĂƚŝǀĞĞĨĨŽƌƚĐŽŶĐůƵƐŝŽŶĂŶĚĨĞǁĞƌZ&/Ɛ;ZĞƋƵĞƐƚĨŽƌŝŶĨŽƌŵĂƚŝŽŶͿ

NEED4B project
3URMHFW*DVWRQHSURYD
Optimization Mechanism
'DWH)UL
Design Phase

(&21,0,&

SS:
Start to Start
(1(5*(7,&

Ϯ^^
7SS

'HFHPEHU
-DQXDU\ )HEUXDU\0DUFK $SULO

0D\

PERMITTING PHASE
DETAILED DESIGN

-XQH

-XO\

FINAL DESIGN

$XJXVW 6HSWHPEHU
2FWREHU 1RYHPEHU
'HFHPEHU
-DQXDU\

ϵ^^нϲϬĚĂǇƐ
32SS

ϭϲ
92SS

FS: Finish to Start
7(&+1,&$/

/&$/&&

SF: Start to Finish %,0

,3'

3DJH

13

FEASIBILITY STUDY
CONCEPTUAL/PRELIMINARY DESIGN

LCA-LCC Recommendations for the Design Phase
7DVN1DPH

,'

Linked to
3UHGHFHVVRUV

'HFHPEHU
-DQXDU\ )HEUXDU\0DUFK

8

>ͬ>ƌĞƐƉŽŶƐŝďůĞĂƉƉŽŝŶƚŵĞŶƚ


60

ǀĂůƵĂƚŝŽŶĂŶĚƐĞůĞĐƚŝŽŶŽĨƚŚĞŵŽƐƚƐƵŝƚĂďůĞŵĞƚŚŽĚŽůŽŐǇĨŽƌ>ĂŶĂůǇƐŝƐƚŽďĞƵƐĞĚĂĐĐŽƌĚŝŶŐƚŽ
ĐŽͲŝŶĚŝĐĂƚŽƌƐŝĚĞŶƚŝĨŝĞĚ


66

ĞĨŝŶŝƚŝŽŶŽĨƚŚĞƉƌŽƉĞƌ>ĚĂƚĂďĂƐĞ

Ϯ^^
60SS


67

>ƐŽĨƚǁĂƌĞƚŽŽůƐĂŶĂůǇƐŝƐĂŶĚƐĞůĞĐƚŝŽŶŝŶƌĞůĂƚŝŽŶƚŽƚŚĞůĞǀĞůŽĨĚĞƚĂŝů

Ϯ^^
60SS


68

ǀĂůƵĂƚŝŽŶĂŶĚƐĞůĞĐƚŝŽŶŽĨƚŚĞŵŽƐƚƐƵŝƚĂďůĞŵĞƚŚŽĚŽůŽŐǇĨŽƌ>ĂŶĂůǇƐŝƐ


69

ĞĨŝŶŝƚŝŽŶŽĨƚŚĞŵĂŝŶƐŽƵƌĐĞƐŽĨĚĂƚĂƚŽǁĂƌĚƐ>ƌĞůŝĂďŝůŝƚǇ

ϱ^^
68SS


90

^ĞůĞĐƚŝŽŶĂŶĚƵƐĞŽĨŵĂƚĞƌŝĂůƐĂŶĚĞƋƵŝƉŵĞŶƚǁŝƚŚůŽǁĞŶĞƌŐǇ͕ĞĐŽŶŽŵŝĐĂŶĚĞŶǀŝƌŽŶŵĞŶƚĂů
ŝŵƉĂĐƚƐĨŽƌƉŽƐŝƚŝǀĞƌĞƐƵůƚƐĨŽƌ>ͬ>ƐƚƵĚŝĞƐ

ϴ^^
91SS


91

ŽŵďŝŶĂƚŝŽŶŽĨ>ĂŶĚ>ĂŶĂůǇƐŝƐĨŽƌƚŚĞďĞƐƚĚĞƐŝŐŶŽƉƚŝŽŶƐĞǀĂůƵĂƚŝŽŶ

8SS; 68SF;
ϭ^^͖ϱ^&͖Ϯ^&
60SF


93

>ͬ>ĂŶĂůǇƐŝƐƚŽǁĂƌĚƐƚŚĞKϮĞŵŝƐƐŝŽŶƐůŝŵŝƚĂƚŝŽŶƐĚƵƌŝŶŐƚŚĞKΘDƉŚĂƐĞ


94

DĂƚĞƌŝĂůƐĂŶĚƐǇƐƚĞŵƐƐƵƉƉůǇŽƉƚŝŵŝǌĂƚŝŽŶ
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2.1.1

List of stakeholders involved in the Design Phase

An overview of the main stakeholders involved in the Design Phase and of the related
documents to be provided is reported in Figure below. According to the above specified
roles, duties as well as skills and competencies, each stakeholder shall be involved in the
development of specific documents associated to the project design (the official responsible
for each document is highlighted by the “bold” symbol).

15

The role of each stakeholder is then synthetized below in order to give a glance of the main
responsibilities and duties in charge to each of them within the Design phase. It is worth to be
mentioned that both the involvement of stakeholders in the related phase as well as in the
document delivery may vary on a project-by-project phase and according to the skills and
competencies of the single stakeholders involved.
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•

Building Owner - User - Investor is/are the proprietor of the building to be constructed and/or
the person/people who will occupy the building living/working there and/or who is allocating
capitals to finance the project. At the beginning of the project they have to appoint a Project
Manager that will represent them during the project life and with his/her support the main
project requirements in terms of costs, performances, quality, aestetics, time, etc are indentified.

•

The Building Owner has the most influence for ensuring that building operates sustainably
and has the potential to motivate and empower all Stakeholders to deliver efficiencies
through best practice operation and maintenance. This includes responsibility for establishing
environmental and maintenance policies and strategies for the building and ensuring adequate
resources are made available. Moreover, the Building Owner has ultimate responsibility for
legal and compliance issues for the building. In fulfilling all the aforementioned duties, the
Building Owner must take account of the Building Occupants requirements and aspirations.
It is important for Building Owners to appreciate that any additional costs associated with
high efficiency maintenance are investments which deliver returns through reduced long term
operating costs, occupant satisfaction and better retention of asset value.

•

Building users/occupants have an important role in helping to define a buildings ecological
footprint. They can make an important contribution to efficient building operation by pushing for
performance enhancements in the buildings they occupy, in order to make them environmentally
friendly. In this sense, they may act stimulating other Stakeholders such as Building Owners
and Building Managers to take action towards achieving energy efficiencies.

•

Building occupants shall for example ensure that the equipment they operate is efficient, staff
behavioural patterns do not affect the efficiency of HVAC Systems and that work carried out
during tenancy fit-outs do not affect the performance of base building services.

•

Project Manager is an architect/engineer, appointed by the Building Owner-User-Investor,
responsible for the whole project development on behalf of them. He/she takes care of all the
various aspects coordinating the different stakeholders to progress with the project activities
and he/she is the only interface with the Building Owner-User-Investor for the whole project
life.

•

MEP designer (Mechanical, Electrical and Plumbing designer), known also as HVAC designer, is
an engineer responsible for the development of the disciplines needed to build safe, working
structures for human use and occupation. In particular:
•

For the mechanical part, also known as HVAC, he/she is responsible for the design, installation
and maintenance of air conditioning, heating and ventilation, meaning changing filters and
installing furnaces, along with air conditioners. When necessary, he/she also handles tasks
such as smoke control and exhaust.

•

For the electrical part, he/she is responsible not only for providing power to all outlets and
appliances but also for lighting, switches, fire alarms, security systems, as well as lightning
protection when necessary.

•

For the plumbing part, he/she is responsible not only for the delivery of water and the draining
of waste water but also of handling fire suppression systems and storm pipe systems, as well
as gas delivery systems.



Modern technologies for building require a great deal of energy and water, along with
sophisticated and secure methods of delivery. Large buildings also require substantial
ventilation and other environmental controls, as well as safety precautions for their larger
populations and larger distances from exits. All the above mentioned aspects are under MEP
designer responsibility.

•

Structural Engineer is responsible for the development of the structural design of the new
building, starting from the architectural design performed by the Architects, taking into

particular consideration the requirements identified by the Building Owner-User-Investor with
the support of the Project Manager.
•

Consultants (e.g. acoustic engineer, geologist) are professional profiles with a specific expertise
and knowledge in a particular technical field (e.g. acoustic engineer, geologist, etc). They can
be involved in the project usually for a limited time to take care of peculiar aspects or to solve
specific problems.

•

Technology Providers – Suppliers are companies or other entities that develops, manufactures
and/or sells specific products/components/materials to be implemented in the building for
fulfilling the project requirements (e.g. providers of heating & cooling plants, solar collectors,
pv panels, etc.)

•

BIM Manager is an Architect/Engineer/designer, with specific expertise in Building Information
Modeling, responsible for the process of generation and management of digital representations
of physical and functional characteristics of the new building project. The BIM Managers can
leverage on commercial softwares to perform his/her task and such tools can be used at the
same time by the main stakeholders who plan, design, construct, operate and maintain the new
building facilitating an holistic management of the project.

•

LCA/LCC responsible is usually a designer (architect/engineer) trained towards an easy
implementation of the LCA/LCC analysis in buildings design.

•

Building Energy Manager takes care of the overall building energy management towards the
achievement of the energy targets and/or certifications such as passive house certification,
etc.

•

Building Manager (BM), that may be also the Building Owner, is usually responsible for Building
Maintenance. The BM has to implement the maintenance and environmental policies and
strategies set by the Building Owner, in accordance with the allocated resources. Moreover,
the BM shall lead the process for implementing changes that deliver energy efficiencies. In
some larger properties or property portfolios, the BM may be assisted by the Energy Manager,
whose main task is to set up benchmarks and Key Performance Indicators (KPIs) that can be
used for setting up targets and monitoring the effectiveness of any sustainability measures
implemented.



Maintenance & Service providers

•

Energy or Maintenance Auditors may be commissioned by the Building Manager or the Building
Owner to carry out energy audits on buildings and/or to assess the effectiveness of the service
provided by Maintenance Contractors. Maintenance audits may also be requested by Building
Occupants, who want assurance that the Building Owner is maintaining the central services in
a safe and efficient manner, in accordance with lease conditions.



Energy and Maintenance auditors prepare comprehensive maintenance specification for
buildings which are necessary to have a good knowledge of how the building must operate in
order to meet the requirements of the Building Owner and the Occupants.

•

Design Engineers are engaged by the Building Owner and have responsibility for evaluating
HVAC System requirements in accordance with the design brief, performing design calculations
and issuing drawings and specifications to be used for installation, commissioning and
maintenance during the defects liability period. The Design Engineer must develop solutions
offering best value for money, ensuring HVAC Systems to be operated and maintained in a
manner that delivers energy and water savings,



The Design Engineer has a major impact on the level of commissioning that is specified and
achieved, therefore he/she must give attention to the correct specification of commissioning
and building tuning requirements, building user guides, operating and maintenance manuals,
energy smart controls strategies, monitoring and verification systems together with the necessary
sub metering systems – which all have a significant impact on achieving the full environmental
potential of a building. When working on designs for new buildings and replacement of existing
HVAC equipment, the Design Engineer needs to play an active part towards ensuring that new
systems have inherent features that enhance efficiency and are ‘maintainable’.

•

Controls and Commissioning Specialists are practitioners in charge of equipment installation
and maintenance procedures therefore they can give an important contribution towards the
delivery of high building performance.
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2.1.2

List of design documentations to be delivered

FEASIBILITY PHASE

Table below provides the list of relevant documents to be delivered on each phase for the
Design of new low energy buildings.
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Illustrative
report

The illustrative report shall include:
• requirements analysis (through Mind-map approach if needed)
• conceptual design options
• feasibility studies
• siting analysis
• preliminary economic
• energy and environmental impacts

BIM
Execution
Plan
(BEP)

The BIM Execution Plan (BEP) shall be a document including project standards
and responsibilities for ensuring that all the stakeholders get the information
they need during every phase of the building project. This document shall
clearly outline the scope of the BIM-based energy modeling activities to meet
the energy goals, defining goals, roles, responsibilities and deliveries based on
BIM.
The BIM Execution Plan (BEP) shall include:
• Project description and goals in terms of client’s needs and demands
• BIM goals for the project and specific BIM uses
• BIM team description
• Planned models and analysis tools
• Modeling standards
• BIM-based project deliverables
• Project phases or milestones
• A Contingency Plan for unforeseen events arising in the design/
construction process.
Periodical Update of BEP to gain the maximum benefits from BIM approach
shall be guaranteed in the following design phase.

LCA/LCC
Reports

The LCA/LCC reports shall be key and mandatory document to be delivered
in order to ensure a more accurate environmental and economic impact of the
building since the beginning of the process and drive the design towards a
green and cost effective building construction.
Periodical Update of the LCA/LCC reports to gain the maximum benefits from
these methodologies implementation shall be guaranteed in the following
design phase.

Energy
Evaluation
Report
(EER)

The Energy Evaluation Report (EER) shall be a document aimed to determine a
list of energy-savings proposals agreed with the investors to be implemented
into the project. This document is a menu of energy saving ideas across all
engineering disciplines involved in the project design phase. Ideas should be
relevant to the targets identified in the preliminary design phase.
In this phase, the EER shall include at least Conceptual Energy and Carbon
Analysis through BIM software tools available such as REVIT, VASARI ARCHICAD.
The final version of the EER shall establish the overall energy use, identify the
significant user and highlight opportunity for energy saving. including:
• The overall energy consumption profile and energy running costs for the
project
• The significant energy user
• A list of high level opportunities for energy reduction associated with the
energy users

Action
Guide

The Action Guide shall be a document including check points list and milestones
for energy targets fulfillment from conceptual to final design.

PRELIMINARY DESIGN PHASE

Technical
Illustrative
Report

The Communication Plan shall identify the common communication channels
among stakeholders to assure a collaborative work, according to the type of
information to be shared as well as the main contacts per stakeholder, since
stakeholders communication has to be handled carefully, as the ideas and
Communication conversations among various stakeholders shall directly affect the project
outcomes.
Plan
Main purpose of the document is thus to establish a controlled and bidirectional flow of information through the development and implementation
of templates for stakeholders communication (e.g. stakeholders codes,
correspondence, list, analysis, minutes of meeting).
Risk
Plan (RP)

PERMITTING PHASE

The Technical-illustrative report shall include:
• Survey reports (geological, seismic, hydrological, etc.)
• Preliminary environmental impacts evaluation (Studies necessary for
a proper understanding of the context where the building will be built
such as surveys, topographic, geological, geotechnical, hydrogeological,
hydrological, hydraulic, seismic, archaeology, etc.)
• Preliminary economic assessment (Economic analysis of the maximum
cost of implementation of the potential options)
• Technical illustrative report with:
• Building massing (i.e. height, volume, location, orientation)
• Main building components (structure, architecture, systems and
building acoustic)
• Planning in terms of project timing and budget
• Results of the multi-criteria analysis on dedicated and specific
building’s requirements assessment carried out for each design
solution considered.
• Preliminary architectural design (Drawings descriptive and representative
of the project, drawn up in the number of techniques and scales of
representation more suitable depending on the specific object)
• Preliminary structural design
• Preliminary plant design, including results from preliminary simulations

The Risk Plan (RP) shall be a document aimed at analyzing potential risks
that might occur and jeopardize the project success and identify appropriate
contingency plans. It is recommended to include a specific Annex of the Risk
Plan providing bureaucratic risks and associated mitigation actions.

BIM
Execution
Plan (BEP)

Update of the first version of the BEP (issued in the feasibility phase)

LCA/LCC
Reports

Update of the first version of the LCA/LCC reports (issued in the feasibility
phase)

Authorization
Documents

The following Authorization Documents shall be obtained:
• Authorization from the environment office for the environmental impact
(including acoustic aspects)
• Construction permission, including drawings, specifications, photographs
of existing situation, structural, mechanical and electrical calculations
and declarations, MEP systems compliance to laws and standards as
well as energy efficiency declaration (e.g. in Italy, law 10/91 on energy
efficiency and low 46/90 on electrical plant)
• Authorization from firefighters
• Authorization for safety from Local health
• Authorization for sanitary from Local health
• Architectural/urban permits
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DETAILED DESIGN PHASE
FINAL DESIGN PHASE
20

The Detailed Design Documentation shall include the following:
• General report
• Specialized reports (acoustic, fire protections, etc.)
• Drawings related to the architecture, structures, MEP systems and
environmental aspects (drawn to an adequate scale, including any
construction detail)
• Detailed calculations for structures and systems
• Maintenance plans for the works and their parts (specifying the operational
Detailed Design
methods aiming at preserving the construction quality and value over time)
Documentation • Safety plans
• Bill of quantities and economic framework
• Time schedule
• List of unitary prices and analysis, if applicable
• Situation of the percentage incidence of the labor force for the work
categories
• Draft contract and special contract specifications (including performances
and descriptions)

Quality Control
Plan (QCP)

The Quality Control Plan (QCP) shall be a document that includes the energy
performance critical points (milestones) to be accomplished during the
design/construction process in order to follow-up throughout the project
design and to assure the accomplishment of the expectations on energy
efficiency of the building. Thus the goal of this QCP is to list, based on a Key
Performance Indicators (KPI) checklist, a number of checks to be performed
on critical elements of a construction allowing reaching the energy efficiency
objectives of the design process. This will attract the attention of the various
stakeholders involved in the construction on critical aspect of the construction
leading to energy efficient buildings.

Book of
Changes (BoC)

The Book of Changes (BoC) shall include all incidents arising in the design
process. This document will be essential for the commissioning phase as well
as for the chronicle of the project and the update of the Quality Control Plan.

BIM Execution
Plan (BEP)

Update of the previous version of the BEP (issued in the preliminary design
phase)

LCA/LCC
Reports

Update of the previous version of the LCA/LCC reports (issued in the preliminary
design phase)

Final
Design
Documents

The Final Design Documents shall include the following:
• General report, describing the main criteria used for the identification of the
final design selection;
• Technical specific reports, containing as minimum the same specific
information included in the detailed design describing in detail the additional
investigations, the selected solutions and the modifications with respect to
the detailed design;
• Final drawings including structures, systems and environmental restoration
and improvement using appropriate scale of details in order to ensure to
the constructor and its workers a perfect interpretation and execution of the
constructions works;
• Final calculations of the structures and plants to enable the definition and
sizing of the structures in every aspect at general and particular level in order
to minimize and possibly avoid variations during the construction phase;
• Plans for maintenance, complementary document with respect to the
construction documents that provide planning and program taking into
account the final design actually implemented in order to maintain over time
the functionalities, the quality, the efficiency and the economic value of the
entire building;
• Security and coordination plans, complementary documents to the final
design useful for providing the organization of the working/construction
phases in order to prevent and reduce the risks to the safety and health of
the workers. These documents are very important and entails with reference
to the different working typologies the identification, analysis and evaluation
of the risks inherent to the particular implementation/production process
and/or to the management of working areas due to the construction phases
overlapping;

Final
Design
Documents

•
•
•

FINAL DESIGN PHASE

•

Final calculation of the quantities per each component/material;
List of prices;
Bill of quantities, based on construction documents for obtaining bids
from contractors and are used by contractors to obtain price quotes from
subcontractors;
Final timetable.

The Implementation Plan is a fundamental and challenging document in the
management and execution of construction projects. The implementation
plan is the definition and scheduling of the construction works needed for
the construction of a project, in order to identify the work that is required by
each part and the interface of work between parties. It should also include
a reasonable amount of time for the exchange of information between
project participants, including the delay time for reviews and approvals. The
Implementation Plan shall take into account the following:
• Gantt chart
• Choice of technology
• Identification of any interactions among the different work tasks
• To plan the off-site manufactured construction in a separate Implementation
Plan. This implementation Plan shall include:
Implementation The choice of technology and construction methods for off-site manufactured,
Plan
guaranteeing a higher grade of information at the drawings, because lacks of
information could lead to stop in production.
Identification and definition of work tasks, taking into account the origin of the
materials (in this case from the factory) and the substitution of the construction
works activities itself, for assembling work activities.
Estimation activity duration, taking into account the time for releasing
drawings and documents, tracks for transport and mark of the prefabricated
components as well as joining part
Required resources estimation taking into account the right amount of
staff, equipment and lifting crane have to be established according to the
dimensions and features of the prefabricated building components as well as
the installers on site
Relation with BIM in order to improve the prefabricated buildings components
and making easier the exchange of information.

Monitoring and
Control Plan

The Monitoring and Control Plan shall define, once the design is fixed, the
long-term and short-term measurements. Besides the definition itself of
the monitoring plans with specific monitoring systems (hardware systems
specification and locations), key parameters, etc.; it shall also plan where
these systems will be placed.

Bid - Tender
Documents

The Bid - Tender Documents shall include the following:
• Tender documents and render, images, plants, etc. based on early
construction BIM simulation
• Bid document for parties involved outside the integrated process in order
to take into account the participants who were/are not involved in the
development of the model such as banks, ESCO, financial institutes, etc.

BIM Execution
Plan (BEP)

Final version of the BEP (based on the previous version issued in the detailed
design phase)

LCA/LCC
Reports

Final versions of the LCA/LCC reports (based on the previous versions issued
in the detailed design phase)
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2.2 Prioritization mechanism for the Design phase
The Prioritization Mechanism for the Design Phase is a work instrument that translates the
proposed recommendations into objectives criteria that can be quantified and prioritized
towards the evaluation of the most important ones for the design of new low energy
buildings according to the specific case (climate, building typology, etc.).
The Prioritization Mechanism for the Design Phase enables the NEED4B methodology’s
users, namely the Energy Efficiency Team, to understand how (with respect to the
identified clients’ needs (both mandatory and “nice to have”)) and which priorities are to
be assigned in the new low energy building design.
• The “how priorities have to be assigned” is provided by the implementation of a
dedicated procedure comprising two main steps: (i) identification and ranking of
clients’ needs/requirements and (ii) ranking of the provided recommendations in
the so called Relationship Matrix according to specific criteria provided (see table
afterwards)
• The “which priorities have to be assigned” is provided by the Pareto Diagram, main
output from the implementation of the above mentioned process, able to provide
the most relevant recommendations for the design phase weighted on the identified
clients’ needs.
The integrated version of the Prioritization Mechanism relies on the recommendations
used in the Optimization Mechanism (see booklet in paragraph 2.2.1). The EET is able to
work together in an integrated way, keeping track of the cluster of recommendations but
without being so strictly constrained to them.
Added value of the Prioritization Mechanism:
• Clients’ requirements evaluation
• Prioritization of different recommendations weighted on clients’ needs
• Evaluation of the most relevant recommendations per cluster

Process:
• Keeping on hand the booklet for Prioritization Mechanism implementation (Paragraph
2.2.1), the EET shall complete the Excel file provided in Appendix 1 according to the
following steps.
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Step:
1. “User requirements” - “Voice of the Customer”
identification according to each stakeholder
and to the specific building boundary
conditions (to be defined and customized
time to time, using also instruments such as
the Mind Map):
• Identify the users and their needs (must/nice
to have)
• User requirements relevance assessment on
a scale from 1(low) to 5(high) Criteria for user
need “Priority” assessment (1-5):
1= Less important; 2= Not essential to have; 3= Good to have; 4= Very good to have; 5=
Mandatory.
2. “Technical Recommendations” = identification of the “Voice of the Engineer”, from the
Optimization Mechanism providing the main recommendations to be taken into account.

3. Relationship matrix definition according to specific criteria (see Excel Table reported
below). Assignment of the relevance of the single recommendations for the fulfilment of
the clients’ needs

The main output of the Prioritization mechanism will be then the Pareto Diagram able to provide
the most relevant technical recommendations for each phase weighted on the stakeholders
needs.

An example is reported in the figure above where, by taking into account the 6 most relevant
recommendations, the 40% of user needs shall be fulfilled.
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2.2.1
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Booklet for implementing the Optimization and Prioritization
Mechanisms for the Design Phase

#

Recommendation

Description

1

Go-no-go decision
for BIM model
development

To evaluate the effort required for developing BIM model against the
potential advantages that could be taken with respect to the different
types of projects (e.g. size) and company skills.

2

Identification of
building owner/
end user/investor
expectations

To investigate the building owner/end user/investor expectations with
respect to technical and energetic point of view from the beginning of
the project.

3

Building Energy
Manager
identification

To preliminary identify the Building Energy Manager to take care of the
overall building energy management towards the achievement of the
energy certifications such as passive house certification.
Building Energy Manager is also responsible for implementing IPD
approach in order to efficiently achieve the collaboration required for
energy targets definitions. It is also recommended to take advantage of
the complete guide provided in D4.5 (including an IPD checklist to help
stakeholders in applying IPD principles) for organizing the meeting in
order to achieve the participation of all parties.

4

Financial incentives
and funding
schemes analysis

To evaluate different financial incentives for nearly zero buildings such as
subsidies / tax deductions, access to bank loans, etc.
To analyse the available funding schemes at regional, national and
international level for financing the project.

5

Preliminary
brainstorming
for requirements
prioritization: from
check lists to Action
Guide (AG)

To organize a preliminary brainstorming to identify the main stakeholders’
requirements able to address the Owner/End User needs. Moreover, the
compatibility with the project boundary conditions that will affect the
project design (climate, area, etc.) will be assessed through mind-map
approach. The main output of brainstorming meeting is the prioritization
of the select requirements (priorities map).
To support this preliminary meeting among key stakeholders with
dedicated lists of items to be investigated, including: building structure
and envelope, local energy integration, energy distribution, use and
control of water systems, use and control of waste management systems.
To prepare and use an “Action Guide” (AG) including:
• Check points list and milestones agreed for energy targets fulfilment
from conceptual to final design
• Technical, social, economic and environmental Key Indicators (KI) in
order to evaluate different design alternatives and maximize energy
performances based on the fixed thresholds, according to the targets
• A section dedicated to the different kinds of limitations that could affect
the project (e.g. technological limitations, administrative barrier, lack of
specialized techniques, etc.).

6

To involve from the very beginning the Owner/End Users for the
requirements identification and organization of periodical meeting in
order to establish a tight collaboration between the owner, architect/
Owner/End Users
engineers, and builders ultimately responsible for construction of the
involvement from
the very beginning project, from early design through project handover.
and periodical
To understand very well the concerns of all the stakeholders involved
consult (go-no-go
in the design of very low energy buildings once the Owner/End Users
approval) to consider requirements have been set up
stakeholders
To make the Owner sign off a go-no-go approval at key design phases
feedbacks.
(from conceptual to detailed design and from detailed design to
construction) in order to allow the design team to evolve and optimize
the design according to the Owner need.

#

Recommendation

Description

Key stakeholders
prompt and clear
identification

To identify from the very beginning all the key stakeholders to be involved
along the overall building design (why, when, who, how) according to the
project goals.
In some cases stakeholders such as suppliers and contractors shall be
involved from the beginning due to the implementation of their innovative
technologies.
The identification of specific roles among stakeholders aims to avoid
overlapping and lack of responsibilities.
To take into consideration the (personal) experience of each involved
stakeholder, independently from the role.
To appoint a Project Manager (PM) responsible for ensuring the
implementation of NEED4B methodology recommendations planning
permission, land ownership, administrative and financial documentations
of the works while guaranteeing compliance with current legislation
affecting construction.
To encourage stakeholders extra effort in participating from the very
project beginning. To involve all stakeholders in the programming process
obtaining input from as many participants as possible.
To involve stakeholders experienced in the design of low energy buildings
with a well know track record; if this is not possible, involve an external
expert/consultant or train stakeholders.
To identify the stakeholders (suppliers, trade contractors, agencies,
constructors) to be involved in the construction and operation phases.

8

LCA/LCC
responsible
appointment

To appoint an LCA/LCC responsible (LCA/LCC Manager) among the
stakeholders identified at the very beginning of the project. This should
be usually the designer (architect/engineer). This stakeholder shall be
trained towards an easy implementation of the LCA analysis in buildings
design.
LCA/LCC Manager is also responsible for implementing IPD approach
in order to efficiently achieve the collaboration required for LCA/LCC
studies; i.e. LCA/LCC Manager shall cooperate with BIM manager in order
to be updated on BIM design choices for LCA and LCC studies.

9

“Best for project”
based decision
making

To apply the “best for project” approach for decision making in order to
make sure that all decisions are taken for the benefit of the project and
not for the interest of a single or a group of stakeholders.

10

Training to
stakeholders about
energy efficiency
topics

To train stakeholders about energy efficiency topics (technologies and
certification) in order to develop an appropriate energy efficient design.
To explain, inform and possibly train the stakeholders about the subject
of IPD and the related methodology.

Project Meeting
scheduling and
Kick off meeting
organization

To organize regular and periodical meetings in order to keep stakeholders
updated and aligned along the design phase, including a verification
process based on minutes.
To distribute among all participants the agenda for periodical meetings
one week before the meeting day including details such as: place, date
and time of the meeting, number and title of meeting, list of participants
and subject to be discussed. It is recommended to specify the compulsory
and highly recommended attendees to such meeting as some aspects
may arise that affect their work. To prepare detailed minutes of each
meeting including place, date and time of the meeting, number and title
of meeting, list of attendees, subjects discussed, decision taken, duties/
actions assigned and due dates. To read out the minutes of the previous
meetings every time.
To organize kick off meeting involving the whole team in order to define
the project target to be achieved. If possible, organize a face-to-face
meeting with all the stakeholders in order to analyse their first feelings,
concerns, priorities and needs.

7
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25

#

Recommendation

Description
The idea is to create a common understanding at the beginning of the
design process with regard to the following important notions:
• Understanding the integrated design process
• A clear perception of the design task
A cooperative and open attitude towards the members of the design
team.

Regulatory and
Permitting Agency
preliminary
involvement

To involve the Regulatory and Permitting Agency earlier in the design
phase (feasibility study) in order to use their inputs as drivers for the
building design.
To periodically consult Regulatory and Permitting Agencies in order to
be sure that the design has been understood and to shorten the final
permitting process by enhancing and streamlining their check and review
along the design phase.

13

Economical and
financial project
feasibility analysis

To perform a detailed analysis in order to optimize the use of economic
and financial resources available according to the activities to be
performed and find the best trade-off between technical and economic
feasibility, taking into account the building owner/investor budget and
financial resources. It is recommended to perform two different kinds of
analysis:
• Economic analysis, to check the economic viability of a project through
a cash flow statement for every year that the investment will last
considering estimated income and expenditure, taking into account
that the use of more expensive technology may bring greater savings
in energy bills during the operation phase but it may require a long time
pay back.
• Financial analysis, to optimize the project financing looking for the
maximum profitability, using external funds to be then refunded, etc.

14

BIM Manager
appointment from
the very beginning of
the design

To appoint one dedicated and entitled person (BIM Manager) leading all
communication flow, as the stakeholders are from different disciplines
and cannot always be present in all decision meetings. Smooth
communication flow conducted by this specific figure is compulsory in
order to select the most optimal technical alternatives in the shortest
time. BIM Manager is also responsible for implementing IPD approach in
order to efficiently achieve the collaboration required for BIM use.

15

Tracking of
regulations and
related modifications

To keep track of the relevant regulations (i.e. urban regulations, incentives,
etc.) and, of utmost importance, of their frequency of modifications,
affecting in some cases, financial opportunities. The fact that regulation
and financial aspects change drastically often makes the decision of
investing in technologies with a high initial investment very risky for the
design team or building owners.

16

Book of Changes
(BoC) set-up

To prepare a Book of Changes (BoC) for all incidents arising in the design
process. This action will be essential for the commissioning phase as well
as for the chronicle of the project and the update of the Quality Control
Plan (QCP).

Definition of criteria
for the selection of
the most suitable
BIM software tool

To set up proper criteria for the selection of the BIM software tool that
best suits a project’s goals, since the choice of BIM tools involves making
decisions based on convenience, functionality and the ability to store,
refine and reuse data later in the life-cycle, taking into account the
information exchange process. The minimum criteria shall be:
• To be object oriented software applications which allow the creation of
parametric and information rich-objects.
• To export gbXML or IFC (version 2x3 or newer) file type standard. IFC
including both coordination view and space boundary add-on view.
Since modelling practices for space definition differ lightly between
software applications, spaces should be checked visually in a 3D view
before the exportation to ensure they are modelled with the correct
height.
• To have some in-built energy analysis functionalities to support early
design phases.
• To be capable of producing 2D drawings based on 3D models to fulfil
the executive project and construction phases.

12
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#

Recommendation

Description

Communication
Plan development
and communication
channels test

To set up a Communication Plan in order to preliminary identify the
common communication channels among stakeholders to assure a collaborative work, according to the type of information to be shared as well
as the main contacts per stakeholder, since stakeholders communication
has to be handled carefully, as the ideas and conversations among various stakeholders shall directly affect the project outcomes.
The idea is to establish a controlled and bi-directional flow of information
through the development and implementation of templates for stakeholders’ communication (e.g. stakeholders codes, correspondence, list,
analysis, minutes of meeting).
To test the effectiveness of the selected communication channels.

19

Project archive/
database set up

To set up and organize a user friendly project archive/database to be
constantly updated with project data and information in order to enable
all parties to use the same terminations and language, decrease the
variety of document formats, avoid mess of documents, keep track of
documentation, avoid time losses, efficiently store and share project
documents, etc. To classify the minutes of the meeting by topics in a
structured way in order to enable an easier and practical consultation.
To check that all the project documents have been developed and
classified in the prepared archive/database (procurement, assembly,
layout, detailed schedule, procedural information for testing and
commissioning, legal requirements, etc.) in order to enable all the
stakeholders to work with updated documents.

20

Dedicated EU
regulation adoption
for evaluating the
project design cost
optimality

To take advantage of the “Cost-optimal methodology framework” adopted
by European Parliament in the Commission Delegated Regulation (EU) No
244/2012 of 16 January 2012 for evaluating the cost optimality of different
design scenarios.

Implementation
Plan development,
based on a detailed
analysis of common
methods for
programming

To develop an Implementation Plan (IP) as a fundamental and
challenging activity in the management and execution of construction
projects. The implementation plan is the definition and scheduling of the
construction works needed for the construction of a project, in order to
identify the work that is required by each part and the interface of work
between parties. It should also include a reasonable amount of time for
the exchange of information between project participants, including the
delay time for reviews and approvals and take into account guidelines
developed within D4.4 for the most suitable methods to be used. The
implementation plan should take into account the following (see D4.4):
• Gantt chart
• Choice of technology
• Work tasks definition
• Estimation of the required resources
• Estimation of the durations for individual tasks
• Identification of any interactions among the different work tasks
• Identification of the most appropriate delivery method (e.g. DesignBid-Build)
• To define a detailed construction schedule of building systems based
on the prescriptive specifications in order to foresee potential problems
that might occur
To plan the off-site manufactured construction in a separate
Implementation Plan. This implementation Plan shall include:
• The choice of technology and construction methods for off-site
manufactured, guaranteeing a higher grade of information at the
drawings, because lacks of information could lead to stop in production.
• Identification and definition of work tasks, taking into account the origin
of the materials (in this case from the factory) and the substitution of
the construction works activities itself, for assembling work activities.
• Estimation activity duration, taking into account the time for releasing
drawings and documents, tracks for transport and mark of the
prefabricated components as well as joining part
• Required resources estimation taking into account the right amount of
staff, equipment and lifting crane have to be established according to
the dimensions and features of the prefabricated building components
as well as the installers on site
Relation with BIM in order to improve the prefabricated buildings
components and making easier the exchange of information.

18

21

27

#

Recommendation

Description

Set up building
energy performance
indicators and
targets

To set up building energy performances indicators and target for all the project
phases with the agreement of all the stakeholders involved in the project in order
to take into account their requirement prioritization from the beginning of the
project. To consider in the development of energy efficient building the following
aspects: energy savings, CO2 emissions, ecological materials, transport issues,
water management, soil alteration and waste generation / management.
Take advantage of the checklist provided within D4.1 for the final establishment
of energy target related to:
• Building element (Façade/wall, roof, ground floor, glazing, average U value.
Shading correction factor, ventilation rate)
• Energy demand per use (energy demand per Heating/Ventilation, energy
demand per Cooling/Ventilation, energy demand per Ventilation, energy
demand per Lighting, energy demand per Domestic Hot Water, other energy
demand specifying efficiency measures, RES contribution per m2 of total used
conditioned area)
• Building energy (Subtotal sum of energy demand, subtotal sum of RES
contribution, total building energy use)
• Energy label and energy certifications to be achieved
• Preferred local energy sources and RES, HVAC systems and materials

23

BIM software tools
preliminary analysis
according to the
selected criteria
towards most
suitable software
identification

To perform a preliminary analysis of BIM software tools in order to identify the
most suitable one according to the selected criteria and the project requirements.
To prefer BIM software with a dominant market position (for easier interoperability
and periodical update) and with some interesting energy analysis capabilities (or
interoperable with simulation software tools widely used such as Green Building
Studio or Ecotech). To this aim, a “Green BIM” functionalities chart within D2.3
can support this activity. A fundamental step is to verify at the beginning the
exchange formats (IFC, XML, etc.) between BIM tools and traditional or advanced
energy tools, in order to avoid double work and to rebuild the building geometry
model. Take advantage of guidelines for information exchange between Revit
and DesignBuilder (see D2.3).

24

Use of BIM from
the very beginning
and alignment of
all stakeholders
towards the same
BIM software

To work with BIM from the very beginning of the project and thus make a real
initial investment in terms of resources and capacity. The initial cost investment
can impact significantly the cost of building design phase but can be recovered
during the project if all designer and stakeholders use BIM models and the same
BIM model (and thus avoid regenerating several times the same building in
different softwares). Earlier the BIM approach is applied, more benefits and more
possibilities to re-use models for other purposes are provided.

Development of a
BIM Execution Plan
(BEP) towards BIM
implementation with
an appropriate Level
of Detail (LoD)

To create a document (BEP) including project standards and responsibilities for
ensuring that all the stakeholders get the information they need during every
phase of the building project. This document (see template in Appendix H of D2.3)
clearly outlines the scope of the BIM-based energy modelling activities to meet
the energy goals as well as summarizes all the relevant energy modelling inputs,
assumptions and results. The BEP will define how, when, why and what Level of
Detail (LoD) of BIM used for achieving project outcomes and objectives according
to the scope of the BIM model (rough building energy model, detail model, etc.)
and to the export requirements.
Energy modelling for many of the BIM tools is well done at a very basic level.
Adding lots of detail takes more time for testing options that may not be used.
Energy analyses are heavy operations that are often rough results of many
variables. Simple and basic models work better. The models shall be created to a
level of detail and quality enough to perform an appropriate energy analysis with
respect to the phase of the project.
BEP should support team works doing BIM to plan and document the process
and define a framework to align goals, roles, responsibilities and deliveries based
on BIM and should thus contain:
• Project description and goals in terms of client’s needs and demands
• BIM goals for the project and specific BIM uses
• BIM team description
• Planned models and analysis tools
• Modelling standards
• BIM-based project deliverables
• Project phases or milestones
• A Contingency Plan for unforeseen events arising in the design/construction
process.
Take advantage of Annexes of D4.1 providing examples of BEP.
Periodical Update of BEP to gain the maximum benefits from BIM approach.

22
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28

#

Recommendation

Description

26

BIM model
development
implementing
parametric data for
updates

To develop building models according to the LoD defined in order to
create a preliminary and realistic model by implementing parametric
data (e.g. volume, areas) as basis for preliminary simulation. (Preliminary
Design).
To regularly update the BIM model (through the integration and
interoperability of different stakeholders related models) till the
detection of every possible clash in order to promptly solve potential
inconsistencies and conflicts within the design phase (in particular in the
engineering process of all building elements and systems) and to reduce
potential problems or deviations along the building construction phase.

27

Development of
conceptual energy
simulations through
simplified building
energy model

To perform early energy simulations using rough building energy model
with simplified building envelope in to support the decision maker for
evaluation of the optimum solution with respect to defined energy
targets (consumptions, etc.) among different alternatives (Conceptual
Design) and in the most cost effective way.

28

Development of
solar studies through
BIM software tool
functionality

To perform solar studies through BIM in order to evaluate the impact
of natural lights and shadows on the design taking advantage of BIM
capability to show light pollution or day lighting analysis through realistic
renderings.

29

Development of
Quality Form (QF)

To develop a Quality Form (QF) including all the key and/or mandatory
technical documents to be used in a check list format. The QF aims at
setting-up the procedures for the bureaucratic documents compliance
verification.

IEQ requirements
analysis and targets
selection from the
very beginning

To take into account from the very beginning of the design phase the
Indoor Environmental Quality (IEQ) requirements considering the use and
occupancy levels.
To drive the new low energy building design towards the indoor comfort,
implementing a comprehensive and integrated approach that seeks the
achievement of IEQ targets:
• To provide air comfort;
• To maintain optimal comfort;
• To create a high quality visual environment;
• To provide a superior Acoustic Environment.
To take advantage of D4.2 where the main factors and technical parameters
identified for each of the IEQ macro areas (IAQ, ITQ, ILQ, ISQ) and of the
related European directives are provided in order to fix the specific
targets per each parameters and keep tracking them towards the indoor
comfort of the building occupants. Indeed the selection of materials and
systems directly affect the detailing, dimensioning and space qualities.
All these features mature along with the design process and the more
these features are discussed at the meetings with stakeholders, the more
time shall be spent and more careful detailing shall be enabled.

Bioclimatic design
implementation
for new low energy
buildings

To start the design of for new low energy buildings with a “bioclimatic
design” approach adapted to the environmental conditions, in order
to reduce energy demand needed to achieve indoor comfort. To take
advantage of the low energy building bioclimatic design guidelines
provided within D4.6. Indeed, these guidelines provided, in the form of
general recommendations for each type of climate, passive solutions
to achieve good indoor conditions without using energy facilities and
description of specific strategies and technologies to reduce heating
demand and cooling demand.
In addition, to evaluate the possibility of setting up a weather station
in order to perform a survey related to the meteorological issues in the
precise location according to the project size. The collected information
can be included in the monitoring and management software of the
building. This information can also be useful to assess the onsite
generation resources such as wind, solar, etc. Alternatively, the analysis
can be performed using information coming out from the nearest public
weather station.

30
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#

32

Recommendation

Description

Design team
organization

To create a design team skilled in energy/environmental issues motivated for
close cooperation and openness. The design team should be organized in four
roles:
• Architect
• Energy Specialist
• Conventional engineer
• Design facilitator: a person with knowledge in energy/environmental issues
During the conceptual design phase the architect and the energy specialist are
the core team, responsible for the development of the programme and design (in
contrast with traditional design process when the design process is only under the
responsibility of the architect). In the detailed design phase the energy specialist
can be replaced by a traditional engineer expert in HVAC system, lighting, etc
design. The role of the design facilitator is to ensure the implementation of all the
NEED4B methodology recommendations.
Coordination of stakeholders responsible for different disciplines (Structures,
Architecture, Plants, etc.) delivering the related BIM models.
To adequately coordinate all the groups developing the BIM model in order to
ensure that each group contributing to the model is responsible for his piece of
the model.

33

To develop dedicated templates according to each design phase in order to
gather data and information (with the proper level of detail) needed for the model
Dedicated templates creation and finalization.
development for
To consider in the templates development a dedicated patterns matrix to keep
data and information track of the building occupancy. This matrix should consider the entire potential
occupancy scenario, whether passive, active or mixed solutions. This will enable
gathering
the most efficient adaptation of the designed very low energy building with the
same typology in different climate zones.

34

To perform solar radiation analysis through BIM in order to evaluate:
• Shadow animations resulting from shadow casting analysis from adjacent
objects, such as vegetation and surrounding buildings in an urban setting;
• Surface-mapped information such as incident solar radiation, to help PV
location or to figure out where solar heat gain is most extreme and the best
way to mitigate it (i.e. changing orientation).
• How the envelope is impacted by the sun.

Analysis of solar
radiation through
BIM software tool
functionality

Selection of the most
suitable tools for the
35
whole project (BIM
interoperability)

36

Preliminary project
scheduling predefinition (linked
to BIM) and design
GANTT set-up

To pre-define a project scheduling (linked to BIM: 5D - costs) and design timeline
in order to be effective.
To include a GANTT chart detailing the sequence of deadlines, milestone and
permitting activities.

37

Rational work
distribution
to optimize
stakeholders work

To define a proper work distribution among the stakeholders involved according
to the preliminary time scheduling developed and the team skills.
To optimize stakeholders work fostering different stakeholders to work in
parallel, alone or in teams, in order to perform their activities on time delivering
high quality project design.

Set-up of a Milestone
for the energy
38
performance
accomplishment
verification
30

To check different tools available on the market for performing and supporting
the project activities and to select the most appropriate one (Sima Pro, Gabi,
SAP 2000, ETAPS, AUTOCAD, Data Design System ASA, TMF Energi, Axapta 3.0,
Autodesk, StatCON Structure, CALENER VYP, SCADA, AUTOCAD MEP, Granta CES
Selector, MODEST, TRNSYS, Ls-Dyna, ANSYS, Google Sketchup, Solidworks) in
order to verify the compatibility (link with BIM e.g. Archicad, REVIT, Vasari, DDS)
and ensure a smooth project progress.

To set-up a Milestone aimed at verifying that the design accomplishes the energy
performance expectations. If it is not, the main causal factor for the poor results
has to be determined, as well as the mitigations of the problems and possible
solutions. Finally, the priority strategies as a basis for the selection of construction
technologies have to be determined.

#

39

40

Recommendation

Description

Quality Control Plan
(QCP) development

To establish a Quality Control Plan (QCP) to follow-up throughout the project
design to assurance the accomplishment of the expectations on energy efficiency
of the building. This will attract the attention of the various stakeholders involved
in the construction on critical aspect of the construction leading to energy efficient
buildings. The goal of this QCP is to list a number of checks to be performed
on critical elements of a construction allowing reaching the energy efficiency
objectives of the design process.
This QCP should include specific checkpoints to be accomplished to verify
energy efficiency targets achievements along the design process considering:
• Consistency with the design criteria and design principles on which the concept
design was based;
• Addressing any unresolved issues associated with the development of the
concept design;
• Incorporate the concerns and expectations coming from the stakeholders
(Task 2.2) as well as the restrictions coming from the legal framework (WP1);
• Address risk management during construction and operation;
• Ensure the accomplishment of the energy, environment and indoor quality
targets.
To take advantage of D5.1.

Risk Plan (RP)
development

To develop Risk Plan (RP) in order to analyse potential risks that might occur
and jeopardize the project success and identify appropriate contingency plans.
To include a specific Annex of the Risk Plan providing bureaucratic risks and
associated mitigation actions.
In particular, to earlier evaluate the risks associated to the building permit
process before going into detailed design. To seek for a simpler standard process
to get the building permit as soon as possible and without extra effort.

41

To analyse and preliminary select most suitable IEQ strategies finding the
best trade-off between energy savings and comfort of occupants. To this aim,
take advantage of D4.2 where an overview of the main technologies available
in order to improve the Indoor Environment Quality is reported in the form of
recommendations clustered per macro area and according to what follows:
Analysis and
• IAQ should be dealt with in conceptual design phase because it depends
preliminary selection
strongly on ventilation.
of the most suitable • ITQ is closely related to HVAC systems, so it should also be addressed in the
IEQ strategies finding
conceptual design phase.
the best trade-off
• ILQ should be considered within the conceptual design phase, when building
structure and spaces in walls are decided. Also in the final design phase, when
between energy
the luminaries positions and their regulation are decided.
savings and comfort
• ISQ is addressed in the preliminary design and mainly in the final design phase
of occupants
with the final decision on the design and materials for windows, covers, walls,
slabs and frameworks to provide the appropriate insulation between the
different floors and spaces in the building and with the outside. Especial care
should be taken to choose materials with a good absorption level to avoid
reverberation.

42

To develop an Energy Savings Report including a detailed analysis of different
energy scenarios according to the proposals agreed with the investors considering
costs against savings in terms of store and recover.
This document is a menu of energy saving ideas across all engineering disciplines
involved in the project design phase. Ideas should be relevant to the targets
identified in the preliminary design phase.
To investigate the use of energy integrated generation and delivery systems,
such as co-generation, fuel cells, and off-peak thermal storage.
It is also recommended to set up a reference scenario to compare the costeffectiveness of the alternatives in order to assess their feasibility (e.g. trigeneration implementation, etc.).
The final version of this report should establish the overall energy use, identify
the significant user and highlight opportunity for energy saving, including:
• The overall energy consumption profile and energy running costs for the project
• Identify the significant energy user
• Provide a list of high level opportunities for energy reduction associated with
the energy users.

Energy scenario
analysis towards
Energy Savings
Report development

31
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43

Design of the most
suitable option
for the building
structure and
envelope

To define the most suitable options for the building structure and envelope
(façade, roof, openings, shading systems) based on the energy targets defined in
the meeting for energy target definition.
Take advantage of the collection of design alternatives provided in D4.1 that
provides also the advantages and disadvantages of each solution.
Then, to develop a design associated to the selected option for the building
structure and envelope according to the defined KI and energy targets.

Design of the most
suitable options for
the HVAC systems
minimizing energy
demand and
fostering natural
cooling

To define the most suitable options for the HVAC systems (air handling devices for
heat recovery, TABS (Thermally Activated Building System), heating and cooling
systems, heat pumps, tri-generation systems, etc.) based on the energy targets
and KI defined in the meeting for energy target definition. To take advantage
of the collection of design alternatives provided in D4.1 that provides also the
advantages and disadvantages of each solution.
It is recommended to reduce as much as possible the HVAC energy demand
by finding the optimal combination of materials (e.g. additional insulation layer),
orientation and techniques with the aim of minimizing the building energy loads
and protecting the building from fluctuating outdoor air temperature.
In addition, to foster natural cooling system with respect to AC compressors
or other mechanical cooling method when possible to reduce the energy
consumptions still guaranteeing the building occupants comfort.
To design the “Right Size” HVAC systems to ensure efficient operation of the
building. To this aim, to use reasonably the safety factors for HVAC systems that
allow for uncertainties in the final design, construction and use of the building.
Greatly oversized equipment operates less efficiently and costs more than
properly sized equipment. It is also important to consider part-load performance
when selecting equipment. Indeed, part-load performance of equipment is a
critical consideration for HVAC sizing. Most heating and cooling equipment only
operate at their rated, peak efficiency when fully loaded (that is, working near
their maximum output). In addition, most equipment is further oversized to handle
pick-up loads and to provide a factor of safety. Therefore, systems almost never
operate at full load. In fact, most systems operate at 50% or less of their capacity.

44

45

32

To convert the conceptual design BIM model into analytical energy model
(through BIM software tools available such as REVIT, VASARI ARCHICAD) for
performing energy and carbon analysis based on:
• Geometric analysis of the BIM model,
• Accurate hour-by-hour weather data of project location,
• Physical material properties of the element conforming the building
• Building function data (temperature and heat gain profile)
Take advantage of BIM tools for energy simulation instead of traditional software
due to the capacity of BIM models to simulate energy behaviour with rather
simple geometrical model that will be also useful afterwards in the project. This
will allow:
• To understand how the building designed responds to site and climatic
environment
• To explore different material and shading options to attain the lowest energy
Energy Analysis and
use through iterative results comparison to see how changes in the design
preparation of the
affect cost energy consumption, etc.
Energy Evaluation
To update the conceptual design BIM model in order to continuously perform
Report (EER) through energy and carbon analysis and compare design alternatives to evaluate the best
updated versions of option for optimal energy performance and take more informed decisions when
BIM model
changes are least time-consuming and expensive. To take advantage of energy
analysis through BIM functionalities sincec a quick feedback can be obtained and
the following qualitative benefits can be achieved
To follow the BIM-based conceptual energy analysis workflow reported in
Appendix G of D2.3.
To extend the model with more details data and information (i.e. technological
solutions selected in the conceptual design) according to the selected Level of
Detail (LoD) already roughly implemented into the preliminary models in order to
obtain more detailed simulations output and to have a clearer vision.
To estimate energy consumptions by using also the MEP building model in order
to compare them with the defined building target to be achieved (detailed design),
taking into account the final users behaviour to guarantee thermal comfort of
occupants, temperature, RH, air speed ventilation, if possible.
To export the final version of the Energy Evaluation Report (EER) from BIM.

#

Recommendation

Description

46

Wind analysis
through BIM
software tool
functionality

To perform Computational Fluid Dynamics (CFD) simulations through BIM
in order to evaluate potential impacts of wind speed and direction (2D and
3D simulations). Take advantage of BIM functionality providing designers
and engineers with a “virtual wind tunnel” to gain insight on aerodynamic
effects early in the design phase (air flow across the building, external
pressure on the envelope, wind loading calculation) and an indication of
the potential impact on pedestrian comfort.

47

Cost analysis against
energy savings
towards trade-off
between building
market value and
passive house extra
costs

To develop a cost analysis of all the technical solutions against the
energy savings. The goal is to obtain the optimal trade-off between
technical performances and cost savings.
To calculate low energy efficiency buildings by evaluating the economic
savings associated to the energy savings (kWh/m2year), taking into
account the price of energy. This will be a relevant driver for stakeholders
to convince End-Users to invest in energy efficient solutions.
It is also recommended to consider the market value of the building in
order to limit the impact of the passive house additional price.

Project cost
structure set up
(linked to BIM)

To evaluate preliminary cost structure of the building project (maybe
linked to BIM: 5D - cost) to understand a cost range and impacts per
system from the beginning of the project.
It is recommended to consider in the preliminary cost analysis also the
costs associated to the Operation and Maintenance (O&M) phase.
To develop a budget with a significant level of detail to allow easier
review and updates in order to allow key stakeholders to assess areas
where greatest improvements are possible.

48

49

50

51

To identify the best building design alternatives and technologies
according to building boundary conditions (i.e., climate and building
typology, etc.) and identified KPI to achieve low energy building. It is
Optimization of
conceptual design recommended to integrate the energy related design strategies within
according to existing the functional design components of the project taking into account the
building aesthetic.
urban regulation
Moreover, to optimize the number of square meters that could be
constructed on specific zone, taking into account urban regulations.
Integrated design
and construction
fostering

To foster integrated design and construction through dedicated
contracts development.

Energetic building
simulations set-up
for evaluating the
building energy
demand

To estimate electrical, thermal and fuel demands through simulations
and to perform energy simulations for identifying the building energy
consumption as a starting point to assess technical feasibility, benefits
and cost-effectiveness of the project. To take into account thermal and
electrical load curve in each building considering the following aspects:
building use (residential, tertiary, offices, laboratories, faculties…), building
typology (apartments, modular, single or terraced houses), occupation
(number of people), surface area (m2) and climatic zone.
In particular, to evaluate the building envelope behaviour through
simulations (thermal models, etc.) taking into account all elements
influencing the thermal loads (maximization of walls, roof, and floor
insulation). The objective is to fine-tune the envelope building thermal
performances.
It is recommended to select the most appropriate commercial software
and tools to perform electrical, thermal and energy simulations.
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52

Description

Energy mix
(renewable and
non-renewable)
assessment and
optimization

To define the most appropriate energy mix (renewable and nonrenewable) for its integration in the buildings, considering its cost
effectiveness.
The general methodology for the integration and identification of the
most suitable energy mix can be described as followed:
• Establishment of the necessary boundary conditions and energy
requirements (thermal and electrical) applicable to the building:
• Temperature, humidity, wind speed…
• Building orientation
• Activity schedule
• Building size
• Building enclosures
• Bioclimatic architecture elements
• Curves of demand (electrical and thermal) analysis
• Available energy resource evaluation
• Measurement campaign / data acquisition
• Data analysis
• Revision of generation technologies
• Selection of the most suitable generation technology
• Sizing of generation depending on the load curves
• Selection of the suitable energy mix
• Implementation of the solution
It is recommended to use the results of Life cycle studies (LCA and LCC)
for the selection of the most environmental friendly and cost effective
mix of renewable energy integration, prioritizing within the different
parameters as stated by the building stakeholders.

53

To optimize the renewable energy mix to be implemented based
on the energy resources available, taking into account the specific
Best trade-off
characteristics of the site (boundary conditions), taking into account
between Renewable the main objective of achieving an annual consumption lower than the
Energy Sources (RES) targets fixed with the key stakeholders (e.g. 60 kWh/m2) and the BEST
available and the
table.
related RET to be
To perform feasibility analysis of RET implementation based on the
implemented
building location in order to assess the most suitable solution taking into
account construction and operation and maintenance phases.

54

Active and Passive
technologies
assessment

To accomplish low energy building design by integrating passive and
active technologies.
To pay special attention to the analysis of passive design strategies since
passive techniques are the essence of low energy buildings design. It
is of utmost importance to have the knowledge and the resources to
assess the building design based on the passive design strategies. The
essence of the passive energy design is a robust approach to passive
solar design as well as to take advantage of the surrounding environment
to ensure the indoor environmental quality parameters, such as thermal
comfort, air quality, noise and lighting levels minimizing the requirement
for heating, cooling and lighting around the year.

55

Energy recovery
systems evaluation

To valuate energy recovery systems that pre-heat or pre-cool incoming
ventilation air and/or water flows mainly in commercial and institutional
buildings.

56

34

Recommendation

To dedicate time and effort to the day lighting analysis as a central
Day lighting analysis
component of the vast majority of low energy buildings. To admit/
to optimize the
allow useful natural light and allow desirable solar heat gain during the
energy consumption
heating season.

#

57

58

59

Recommendation

Description

Design of the most
suitable option for
water and waste
management
systems

To define the most suitable options for water and waste management
systems (solar thermal for DHW, rain collection, etc) based on the energy
targets and KI defined in the meeting for energy target definition. Take
advantage of the collection of design alternatives provided in D4.1 that
provides also the advantages and disadvantages of each solution.
To develop a design associated to the identified water and waste
management systems according to the defined KI and energy targets.
To take inspiration for the design of the water and waste management
system from the EU environmental policy studies topics aimed at
improving the quality of water, tackling air and noise pollution, assuring
the safety of chemicals, setting standards for waste disposal and
protecting the EU’s native wildlife and plants.
It is recommended to identify software for water and waste management
at the design stage in order to be able to evaluate the environmental and
economic impacts.
It is also suggested to contact from the beginning of the design stage the
municipality, if needed.

Design of the most
suitable option for
ICT systems

To define the most suitable options for ICT systems (meters, smart grids
solutions, home automation, etc.) for the energy targets monitoring in
the O&M phase. Take advantage of the collection of design alternatives
provided in D4.1 that provides also the advantages and disadvantages of
each solution. ICT solutions have to be considered to exercise real time
monitoring and control over those systems.
ICT systems can also give feedback to try to change User behaviour,
influencing to the User to act in a different and more efficient way. The
ICT provides a two way communication between User and building.
To design the selected option for ICT systems according to the defined KI
and energy targets.

Design of the
selected storage
system

To evaluate the possibility of energy storage systems implementation at
building or district level (daily storage, STES – Seasonal Thermal Energy
Storage Systems)
To design the selected storage system solution according to the defined
KI and energy targets.

To evaluate and select the LCA impact assessment methodology according to the Eco-indicators identified in the goal and scope, in order
for any designer or product manager to analyse the environmental burdens of products during their life cycle. Indeed different impact evaluation methodologies can be used in a LCA study in order to compare the
Evaluation and
results for different categories of impact (Goal & Scope).
selection of the
most suitable
It is recommended to use the simplified LCA methodology based on
60 methodology for LCA ISO standards and CEN/TC 350 during the early design stage, since this
analysis to be used methodology reduces required data and calculations while decreasing
according to Ecothe time required for carrying out the study. This is essential in order to
indicators identified achieve a universal use of LCA among the stakeholders in the construction sector and to complement the results provided by the official programs of energy certification in the various demonstrators’ countries,
adding the impact in terms of primary energy and CO2 emissions from
housing construction materials.
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To study different configurations of water devices installed at building
level taking into account the water consumption patterns of the users
(uses/person day), which, in turn, depends on the number of users and
water devices. The final aim of this analysis is to estimate water savings
of each option.
The concept is that water saving reduces the energy consumption
associated to the water supply and wastewater.
To consider the energy saving associated to Hot Sanitary Water (HSW)
that strongly depends on cold water saving, as well as the efficiency of
the used HSW system.
To select private companies for water supply in case the domestic water
supply from public services does not have the quality required to be
classified as drinking water.
Water supply
Alternatively, the users can extract their own water from underground
61
analysis towards
by wells or other sources where there is no or limited access to public
best source selection services. However, this type of water supply yields in higher costs
especially when it’s planned to be used as potable water because of pretreatment needs as well as maintenance costs.
To develop a comprehensive Report on Water and Energy Savings due
to water use considering the following building data among others:
• Number of users of the building, and building use.
• Number of full days in operation (d/y) and seasonal and/or weekend
variability
• Number of floors in the building and pressure of water supply network
(if it is enough to serve water to the building, no pressure groups will be
necessary)
• Garden areas, surface and water consumption per surface unit (seasonal
variability and garden type is required since water consumption could
be intensive).
Waste and
by-products
minimization
through a proper
management

To minimize all the resources used with a direct effect on the amount of
waste generated, distinguishing between waste and by-products.
To foster the separate collection of recyclable waste streams, hazardous
waste streams and finally organic waste streams. Depending of the
legislation, the building owner can separately collect and sell to recycling
companies in return resulting in a decrease in operational costs or the
waste streams are collected by public services.

63

Assessment of
building impacts by
using BIM models

To assess the building impacts (social, economic, environmental, etc.) by
using the building models (detailed design).
To link the bill of quantities and the related costs with the BIM model in
order to be able to automatically update the bill simply by changing the
BIM model.
To calculate the cost of the project (5D) (mainly due to the component
of the building costs included within the BIM model) in order to allow
all trades on the team (based on Project type) finalize their costs in the
detailed design phase.

64

Taking advantage
of the point of
view of as many
stakeholders as
possible for key
technologies
identification

To identify key technologies and begin to gather key parameters (size
of buildings, time table of project, sustainable of green goals defined
and economic performance based on the complete building life span
including operation), taking advantage of the point of view of as many
stakeholders as possible.

65

Stakeholders
cooperation
and motivation
mechanism
development

To establish a mechanism for stakeholders’ cooperation and motivation
by setting up awards, bonus, benefits, etc. according to each team
objective/activity achieved towards their proactive involvement.

62
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66

Definition of the
proper LCA database

To identify the most appropriate LCA database/s that will be used (a single
database or from the combination of information from different databases)
depending on the quality and type of data identified for the LCA study.
To evaluate and identify the ways to obtain information reliable as much as
possible about alternatives options early in the design process by considering
the following:
• To simplify the acquisition of building data by focusing on larger building
elements, omit transport, etc.
• To simplify the inventory analysis by focusing on the most important substances
that contribute to a certain impact category, omit the end-of-life of the building;
only use generic emission data, etc.
• To simplify calculations focusing only on the materials or structural elements
that are different between the design alternatives evaluated.
• To simplify calculations by focusing on only a few impact categories.
• To identify the most important data for a particular life cycle stage.
• To reduce the time of building data acquisition by improved CAD applications.
To speed up calculations of a rough result by using toolbox with a set of
calculated results or introducing facilities to easily create alternative options and
extra data with new computer programs, such as BIM. This will allow LCA to be a
decision making process in the early stage.

67

LCA software
tools analysis and
selection in relation
to the level of detail

Within the “Goal and Scope” definition, to select and use a LCA software
application that makes the study much more efficient. At present there are
various assessment application tools on the market and they allow LCA studies
to be carried out to various degrees of details (basic, medium, advanced).

68

To evaluate and select the most suitable LCC method, according to the
advantages and disadvantages as well as the usability towards the proposed
goal and scope of the project.
Indeed different impact evaluation methodologies can be used in a LCC study
in order to compare various systems or alternatives by examining the total cost
in terms of net present value for a building that is designed, built, operated,
Evaluation and
maintained, and in case demolished throughout the life cycle.
selection of the
It is recommended to simplify the LCC calculations by evaluating the total
most suitable
methodology for LCC life-cycle cost for a base line concept. Comparisons with alternatives are then
made by identifying the differences in initial and owning and operating costs,
analysis
calculating the associated life cycle cost difference, and adding or subtracting
from the base line amount. The most cost-effective alternative provides the
lowest total life-cycle cost. The evaluation of building systems and components
can be continued in a similar way by identifying the differences in performance
and cost, selecting the best alternative, and adjusting the total life-cycle cost
accordingly. The simplified tool will exclude indirect costs.

69

Taking into account that existing databases have their limitations due to the
market trends and since LCC is accurate only if the data collected are reliable, it
is fundamental to find out the most reliable data sources.
To evaluate and identify the ways to obtain information reliable as much as
possible about alternatives options early in the design process by considering
the following:
• To simplify the acquisition of building data by focusing on larger building
elements, omit transport, etc.
• To simplify the inventory analysis by focusing on the most important substances
that contribute to a certain impact category, omit the end-of-life of the building;
only use generic emission data, etc.
• To simplify calculations focusing only on the materials or structural elements
that are different between the design alternatives evaluated.
• To simplify calculations by focusing on only a few impact categories.
• To identify the most important data for a particular life cycle stage.
• To reduce the time of building data acquisition by improved CAD applications.
To speed up calculations of a rough result by using toolbox with a set of
calculated results or introducing facilities to easily create alternative options
and extra data with new computer programs, such as BIM. This will allow LCC to
be a decision making process in the early stage.

Definition of the
main sources of
data towards LCC
reliability
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70

Evaluation of
stakeholders
performances
through a dedicated
platform

To evaluate the performances of the different stakeholders through
dedicated Activity Evaluation Forms (AEF) tailored per stakeholder. These
forms will be gathered in a platform aimed at evaluating stakeholders
involved in Energy Efficiency field and creating a network of efficient team
working together. (“TripAdvisor” concept).

71

Use of BIM model
for prefabricated
components
production

To use BIM detailed model for the production of prefabricated
components to avoid mistakes and faster their manufacturing process.

Design of the most
suitable RET for the
selected RES

To define the most suitable options for RES usage (PV systems, wind
turbines, solar energy, geothermal energy, etc.) based on the energy
targets defined in the meeting for energy target definition. To take
advantage of the collection of design alternatives provided in D4.1 that
provides also the advantages and disadvantages of each solution.
To design the RET technologies associated to the selected RES including
optimal size calculation, proportion of each technology over the global
production, annual consumption obtained, costs evaluation, integration
with other technologies and energy production.

Passive techniques
implementation

To implement the selected passive techniques in order to achieve
nearly zero building design. When necessary the passive systems will
be assisting with some active systems. The most important strategies to
take into account are the following in order to reduce Heating, Cooling,
and Lighting Loads:
• Orientation of the building for solar access and cooling breezes
• Building size
• Building windows location and size
• Landscape elements location in the surrounding of the building
• Positioning correctly the spaces inside the building (according to its
activities/uses)
• Thermal insulation of the ceiling, walls, floor, windows, the main
entrance and exit doors
• Thermal mass for temperature smoothing
• Careful placement of shading devices and wide openings for
summertime.

72

73

74

75

Selection of
To identify the best solution for glazing systems ensuring cost effectivecustomized solutions
ness and high performances according to the specific application and
for external glazing
location in order to optimize the building energetic behaviour.
systems
Detailed analysis
for windows design
optimization

To identify the best design for windows system in terms of size, proportion, location, etc. to optimize transparent against opaque area for the
building occupants comfort and/or to enhance low energy performance.

To identify the best solution for shading systems to provide a cost
Selection of
effective and functional as well as aesthetically acceptable solar
76 customized solutions
control. This system can be useful also for guaranteeing indoor comfort
for shading systems
for occupants without impacting on the energy consumption.

77

38

Use of energy
efficient lighting and
control systems to
minimize energy
consumption

To prefer the use of energy efficient lamps (LED) to minimize the amount
of electrical power required by lighting systems, still guaranteeing the
building occupants comfort.
To evaluate and implement internal lighting control systems to
significantly reduce lighting based electricity demand.

#

Recommendation

Description

78

To design the building in a way that increases its energy performance during
the use phase. To improve the energy performance of the building during its
use stage based on design and specification of the products and systems that
influence the final energy use for heating, cooling, ventilation and lighting.
This could be done:
• Option 1: based on the existing national Energy Performance Certificates
Building design
(EPC). In the design phase, the designers shall provide information about the
towards the
overall energy performance of the building according to the national method
increase of energy
where the building is going to be built up or about the comparison of the
performances during
energy performance of the building and the national ratings ensuring that the
the use phase
building will have a top energy performance (20% of the best energy performing
buildings of the country).
• Option 2: based on energy simulation using computer software. The overall
final energy consumption includes lighting, heating, cooling, DHW and auxiliary
energy partial consumptions of the building. All kinds of fuels and all energy
carriers should be included (electricity, natural gas, fuel-oil, PV, solar thermal,
etc.).

79

In case of wind turbines selection, it is recommended to achieve satisfactory
levels of integration in urban environment meeting the following requirements:
• High running efficiency with turbulent winds
• Safe operation in urban environment
Wind turbines design • Low noise and vibration emissions
optimization
• Robust and simple design
• Minimum maintenance
• Aesthetic appearance
• Shadow effect that can produce the turbine blades in the people living nearby
the machine.

80

PV modules design
optimization

To investigate different combinations of PV modules including the shading effects
to maximize the energy production considering also the cost effectiveness. The
selection of the most appropriate inclination angle of PV modules should be also
taken into account in order to reach the maximum module size.

81

Power flows and
energy storage
optimization

To optimize the power flows and storage in the building to minimize losses and
balance electricity generation/consumption.
The building can be considered from an electrical point of view as a micro-grid
and simulations and optimizations should be performed using power systems
studies

Final design
based on energy
simulation results
and Cost-Optimal
Methodology

To perform the final design based on the filtering of preliminary alternatives under
two essential criteria:
• The results of detailed energy simulations of the preliminary alternatives.
To really fine-tune the thermal aspects of a building and to determine the
best cost/performance trade-offs, a comprehensive thermal modelling
program should be used. The energy simulations are an indirect method to
identify the building energy consumption and a starting point to assess the
technical feasibility of the proposals. As well as, estimate the benefits or costeffectiveness of the proposals.
 The simulations should be performed to evaluate each proposal individually
and the proposals working together, so you can get an idea on which proposal
is reducing or increasing the energy demand of the building, also you can get a
holistic view of the overall energy performance of the building.
 By the basic simulations the maximum energy demand for heating, cooling
and lighting will be calculated and where and when they take place, their main
causal factors, the contribution of the particular technologies, and the global
performance of the whole solution.
• Cost-effectiveness analysis of the most suitable alternatives. To include cost
optimal analysis from the concept design instead of the construction phase (in
order to have savings up to 70%). To calculate the economic profitability taking
into account energy simulations and Life Cycle Analysis.
 Take advantage of the Cost-Optimal Methodology framework adopted by
European Parliament in the Commission Delegated Regulation (EU) No
244/2012 of 16 January 2012 (whose main steps are provided within D4.6).

82
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83

Usage of traditional
energy tools for
detailed energy
simulations by
exporting the BIM
model, if possible

To use traditional energy tools for detailed energy simulations by
exporting the BIM model, if possible. If the BIM model has a high level
of detail, interoperability problems in exporting the models to energy
software may occur and the provided results may be not reliable.
Therefore to have detailed energy simulation it is recommended to use
traditional energy simulations tools.

84

Exploitation of
To exploit the building models (structural, architectural and MEP systems
building models in model design) to obtain detailed data to apply for urban permits in the
the permitting phase permitting phase.

85

Involvement of
subcontractors and
vendors to foster the
collaboration with
fabricators

To involve subcontractor and vendor insight and advices during the
design phase.
To foster the collaboration with fabricators early in the design phase in
order to allow the implementation of a greater amount of pre-fabricated
systems usually cheaper and with higher performances.
To align stakeholders and traders on prefabrication tolerances in order
to reach an agreement to enable and foster prefabrication.

86

Detailed design
check and
agreement to
solve remaining
inconsistencies
or conflicts by
organizing a final
workshop

To check that at the end of the design development, the design intent is
fully, unambiguously defined, coordinated and validated. By the end of
the detailed design development all building elements are coordinated
and fully engineered and the team will collaborate to resolve any
inconsistencies or conflicts. This goal can be facilitated by the organization
of a dedicated workshop with all the main stakeholders involved.
To foster rehearsal (test) of construction through 4D allowing the building
teams:
• To validate the baseline schedule
• To explore and validate sequencing and logistics
• To offer refinements that will improve efficiency.

87

Monitoring and
Control Plan
development
according to the
design

A common Monitoring and Control Plan for long-term and short-term
measurements should be defined once the design is fixed. Besides
the definition itself of the monitoring plans with specific monitoring
systems (hardware systems specification and locations), key parameters,
etc.; it should be planned where these systems will be placed. To take
advantages of template in D4.4.

88

Home automation
fostering

To foster proper use of control systems and building automation in order
to reduce the energy consumption and electrical peak demand.

To design an appropriate Building Management System (BMS) to help
stakeholders in the management of the following issues:
• Increase level of comfort
89 BMS optimum design • Individual tenant billing for service facilities
• Remote monitoring and control of the building systems (e.g. fire pumps,
electrical supply, etc.)
• Improve maintenance enabling corrective and predictive actions
• Monitor and optimize energy efficiency.
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92

93
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Description

Selection and use
of materials and
equipment with low
energy economic
and environmental
impacts for positive
results for LCA/LCC
studies

To select materials and equipment with low energy, economic and
environmental impacts with respect to the manufacturing phase in
order to facilitate positive results from LCA/LCC studies. To prefer the
materials with a green certification such as Eco-labels, EPD, BRE, FSC,
etc. because they have low environmental impacts for LCA studies.
To promote and encourage subcontractors providing building materials
and products LCA oriented.
To use low environmental impact construction products fulfilling at least
one of the following recommendations:
• Eco labelled products (labels Type I or Type III in accordance to ISO
14024 or ISO 14025 respectively) shall be selected. The Eco labelled
products used in the building, including their name, the name of their
manufacturer and the Ecolabel they have been awarded with, as
well as a description of their common function at building level (i.e.
description of the product category). Moreover, it shall be provided
copies of certificates corresponding to the Ecolabel awarding of all
these products.
• If that is not possible, materials with LCA information in accordance
with ISO 14024 demonstrating low environmental impact shall be
selected. The LCA assessment of the materials along with the name of
the manufacturer and the description of the function shall be provided.

Combination of LCA
and LCC analysis
for the best design
options evaluation

To combine potential life cycle costs from LCC and environmental
impacts from LCA for alternative designs evaluation.
This combination may for instance be used for:
• Choice of alternative technical solutions (Envelope, HVAC, RES, Water&
Waste management)
• Identifying the technical solution that meets an environmental target
to the least cost.
• Recount environmental impact into costs.
• Evaluate a building investment.
At this stage main input are referred to the final design. Main outputs are
the final LC Primary Energy (kWh/m2 year); LC CO2 emissions (kgCO2/m2
year); LC Cost (€/m2 year).

Stakeholders
coordination
for documents
generation

To coordinate stakeholder for documenting how the design intent will be
implemented, generating all the documents to be used for permitting,
financing and regulatory purposes.
To create a bid document for parties involved outside the integrated
process in order to take into account the participants who were/are not
involved in the development of the model such as banks, ESCO, financial
institutes, etc.
To involve builders and trades from the beginning in preliminary and
submittal reviews of documents and responses to comments because
they will have developed parts of the project (BIM model).

To use LCA/LCC studies for designing the building limiting GHG emissions
during the O&M phase and thus to propose a minimum share of renewable
energy generated on-site and use/promotion of less polluting energy
sources. The rational of this recommendation is that amount of CO2
LCA/LCC analysis
emissions strongly depends on the energy source used to provide the
towards the CO2
demand energy. In this sense, fossil fuels are considered to emit higher
emissions limitations
amounts of kg of CO2 per kWh delivered than other less polluting energy
during the O&M
sources such as renewables. Therefore, this recommendation aims at
phase
acquiring the EPBD 2010 stating that the starting point for a NZE building
is a share of renewable Energy source between 50-90% at reasonable
life-cycle cost. Into this share of renewable energy, the purchase of green
electricity is included.
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94

Materials and
systems supply
optimization

To select suitable materials and systems suppliers in order to
minimize the distances between the storehouses and building site and
consequently the environmental and economic impacts of the transport
in LCA/LCC studies, according to local aspects and availability.

95

Appropriate water
management
To perform LCA-LCC analysis in order to optimize the water consumption
optimization through and the water waste treatment.
LCA/LCC studies

96

Construction
techniques
environmental
impact and cost
analysis in LCA/LCC
studies

97

Construction and
demolition waste
To perform LCA-LCC analysis in order to achieve an accurate construction
management
and demolition waste management considering also the final disposal
optimization through of materials and systems.
LCA/LCC studies

To analyse in LCA/LCC studies the environmental and economic
impacts of different construction techniques (machinery and systems
processing) in order to select the best ones according to the budget
available and building owner/investors targets.

98

LCA analysis for
winning building
competitions

To take advantage of LCA analysis for project competitions award on
advanced building design or for new building construction or renovation.

99

Construction
simulations
development

To enable simulation of construction activities through 4D (3D BIM
model linked to constructing schedule), allowing the building team to
validate the baseline schedule, to explore and validate sequencing and
logistics and to offer refinements that will improve efficiency. To take
into account also prefabrication of systems.

100

Green certification
set-up through
BIM software tool
functionality

To use BIM as a means for supporting green certification since data
needed for certifications are captured as design proceeds, thus building
drawings and components can be obtained directly from the BIM model
to be submitted to support the qualification for the credits.

101

Construction
documents
development

To develop the needed construction documentation based on the
detailed BIM model, at least including drawings, bills of quantities,
specifications and construction program.
To develop in advance tender documents, renders, images, plants, etc.
based on construction BIM simulation.

102

Mandatory delivery
of LCA/LCC reports

To include LCA/LCC analysis report as key and mandatory document
to be delivered in order to ensure a more accurate environmental and
economic impact of the building since the beginning of the process and
drive the design towards a green and cost effective building construction.

#
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Description

103

Final check of the
BIM model at the
end of the design
phase

At the end of the detailed design development, the design is fully,
unambiguously defined, coordinated and validated. All major building
systems are defined, including furnishings, fixtures and equipment.

To early involve contractor, subcontractors and vendors in order to have
some warranty that contractor will actually construct the Project.
Contractor
104 involvement from the To bid and negotiate with parties that were not included in the integrated
very beginning
design team process, since key participants prices will be already defined
earlier.
Administrative effort
conclusion and fewer
105
RFIs (Request for
information)

To perform the remaining construction administrative effort in order to
virtually minimize the onsite conflicts or burden. To involve contractor,
subcontractor and vendors in developing the design intent and
construction documentation for their respective portions of the design.
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3. CONSTRUCTION PHASE
A. Definition and establishment of the Energy Efficiency Team
B. Organization of the Construction Kick Off meeting for implementing
NEED4B methodology
C. Evaluation of the Optimization Mechanism for the Construction Phase
D. Implementation of the Prioritization Mechanism for the Construction
Phase

44

3.1 Optimization mechanism for the Construction phase
The Optimization Mechanism for the Construction Phase is a work instrument that
integrates different strategies and approaches towards the Construction of new low
energy buildings.
The Optimization Mechanism for the Construction Phase enables the NEED4B
methodology’s users, namely the Energy Efficiency Team, to understand what has to be
taken into account and when, during the construction of new low energy buildings.
• The “what has to be taken into account” is provided in terms of recommendations,
dealing both with innovative approaches (namely IPD, BIM, LCA-LCC) and scientific
criteria (Technical, Energetic, Economic/bureaucratic) and having a Level of Details
(LoDs) so that can be replicable and applicable to all kind of buildings in EU.
• The “when has to be taken into account” is provided leveraging on a dedicated time
scheduling related to the Construction Phase and compliant with the different time
scheduling of the included methodologies and approaches phases.
The integrated version of the Optimization Mechanism provides a unique Gantt Chart
where the recommendations have been optimized, refined and reduced in number as
well as integrated together, in order to be more manageable. Per each recommendation
a detailed description is provided in a dedicated booklet (available in Paragraph 3.2.1)
and the related timing to apply it.
The EET may have a clear overview of all the recommendations to be implemented and
on the timing to implement them, whether cluster they are allowing to. Moreover, the
list of the specific stakeholders involved in each Construction phase as well as in the
development of the needed construction documents to be delivered is also provided.
Added value of the Optimization Mechanism:
• Integration of different innovative methodologies
• Recommendations properly clustered according to different approaches and criteria
• Relationship among recommendations (links)
• Relationship between what and when
• Stakeholders involved in each Construction phase
• Documentations needed from whom and with the support of whom

Process:
By positioning in a specific point of the Construction Phase, the user will be able to extract the
related recommendations for the single innovative approach/criteria in order to take them into
account at the right moment within the design process and go into further details if necessary,
thanks to the document developed within the project.
The Optimization Mechanism may be used in two ways:
• Front side scheme: to have a global overview of the recommendations, properly grouped
together according to main topics, in order to be always effective and useful but also
more manageable. In this case, recommendations are ordered according to their time
scheduling mainly in order to provide a unique synthetic instrument to the user to be
consulted according to the specific phase ongoing
• Rear side schemes: to have an overview of the single cluster of recommendations
developed, related to innovative approaches, in terms of Integrated Project Delivery (IPD),
Building Information Modeling (BIM), Life Cycle Analysis (LCA), Life Cycle Cost (LCC) and
scientific criteria, in terms of Technical, Energetic and Economic/bureaucratic criteria.
As already mentioned, per each recommendation, a more detailed description is available
within the booklet for the Design Phase, reported at Paragraph 3.2.1.
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DĂŶĚĂƚŽƌǇŽŶƐŝƚĞƐƵƌǀĞǇĂƚƚŚĞǇĂƌĚŽƉĞŶŝŶŐ
DĂƐƚĞƌtŽƌŬWůĂŶ;DtWͿĚĞǀĞůŽƉŵĞŶƚ
sĂůŝĚĂƚŝŽŶŽĨƚŚĞǁŽƌŬĂŶĚĂƐƐŽĐŝĂƚĞĚĂĐƚŝǀŝƚŝĞƐĂĐĐŽƌĚŝŶŐƚŽďŝůůŽĨƋƵĂŶƚŝƚŝĞƐŝĨƉŽƐƐŝďůĞ
DĂƚĞƌŝĂůƉƉƌŽǀĂůWƌŽĐĞĚƵƌĞ;DWͿĚĞǀĞůŽƉŵĞŶƚĂŶĚŝŵƉůĞŵĞŶƚĂƚŝŽŶ
ŽŶƐƚƌƵĐƚŝŽŶƉƌŽĐĞƐƐƚŝŵĞƐĐŚĞĚƵůĞĐŽŶƐŝĚĞƌŝŶŐŵĂƌŐŝŶƐĨŽƌƵŶĨŽƌĞƐĞĞŶĞǀĞŶƚƐĂŶĚƐĞƚƵƉƉĞƌŝŽĚŝĐĂů
ƵƉĚĂƚĞƐ
WƌŽƉĞƌŝŶƐƚĂůůĂƚŝŽŶŽĨƌĂŝŶǁĂƚĞƌĐŽůůĞĐƚŽƌƐ
ŽŵƉůŝĂŶĐǇŽĨĐŽŶƐƚƌƵĐƚŝŽŶǁŽƌŬƐĞǆĞĐƵƚŝŽŶǁŝƚŚ/ŵƉůĞŵĞŶƚĂƚŝŽŶWůĂŶ
/ŶƚĞƌŝŵĞǀĂůƵĂƚŝŽŶŽĨƉƌŽũĞĐƚĐŽŶƐƚƌƵĐƚŝŽŶƐĞƚƵƉ
ŽŶƐƚƌƵĐƚŝŽŶǁŽƌŬƌĞĐŽƌĚƐĂĐĐŽƌĚŝŶŐƚŽƚŚĞƋƵĂůŝƚǇĐŽŶƚƌŽůƉƌŽĐĞĚƵƌĞ
ZĞĂƐŽŶĂďůĞƚŝŵĞĨŽƌƐŽůǀŝŶŐƵŶĨŽƌĞƐĞĞŶƉƌŽďůĞŵƐ
ƉƉƌŽƉƌŝĂƚĞŝŶƐƚĂůůĂƚŝŽŶĂŶĚƵƐĞŽĨƚĞĐŚŶŝĐĂůĞƋƵŝƉŵĞŶƚƐ
,ĂŶĚŽǀĞƌWƌŽĐĞĚƵƌĞ;,WͿĚĞǀĞůŽƉŵĞŶƚ
hƐĞŽĨĐŽŶƐƚƌƵĐƚŝŽŶŵĂĐŚŝŶĞƌǇͬĞƋƵŝƉŵĞŶƚǁŝƚŚƐƵƐƚĂŝŶĂďůĞĐƌŝƚĞƌŝĂ
WƌŽƉĞƌŽŶƐŝƚĞŵĂŶĂŐĞŵĞŶƚƐĞƚƚŝŶŐƵƉĂŶŽŶƐŝƚĞŽĨĨŝĐĞ
WƌŽƉĞƌŝŶƐƚĂůůĂƚŝŽŶŽĨĚĞĚŝĐĂƚĞĚƚĂŶŬƐĨŽƌƚŚĞƌĂŝŶǁĂƚĞƌĐŽůůĞĐƚŽƌƐ
WƌŽǀŝĚŝŶŐĂƉƉƌŽƉƌŝĂƚĞŵĞĂŶƐĂŶĚŝŶƐƚƌƵĐƚŝŽŶƐƚŽƉĞƌĨŽƌŵĂƉƌŽƉĞƌΘtĂƐƚĞŵĂŶĂŐĞŵĞŶƚ
&ŽƐƚĞƌŝŶŐŽĨĐŽŶƐƚƌƵĐƚŝŽŶĞƋƵŝƉŵĞŶƚͬŵĂĐŚŝŶĞƌǇƉƌŽƉĞƌƵƐĞ
KƉƚŝŵŝǌĂƚŝŽŶŽĨǀĞŚŝĐůĞƐŵŽǀĞŵĞŶƚƐĂŶĚƵƐĞ
ƉƉƌŽƉƌŝĂƚĞŝŵƉůĞŵĞŶƚĂƚŝŽŶŽĨƚŚĞďƵŝůĚŝŶŐďĂƐĞŵĞŶƚǀĞŶƚŝůĂƚŝŽŶƐǇƐƚĞŵƐ;Ğ͘Ő͘ĞĂƌƚŚƚƵďĞƐͿ
ZĞŐƵůĂƌǀĞƌŝĨŝĐĂƚŝŽŶŽĨƚŚĞ^ĂĨĞƚǇWůĂŶĐŽŵƉůŝĂŶĐĞ
ZŝƐŬWůĂŶĐŚĞĐŬŝŵƉůĞŵĞŶƚĂƚŝŽŶ
ĂŵĂŐĞƐŵŝŶŝŵŝǌĂƚŝŽŶĚƵƌŝŶŐƚƌĂŶƐƉŽƌƚ͕ƵŶůŽĂĚŝŶŐĂŶĚƐƚŽƌĂŐĞŽĨŵĂƚĞƌŝĂůƐĂŶĚƐǇƐƚĞŵƐ
WƌŽƚĞĐƚŝǀĞƉĂĐŬĂŐŝŶŐƐƚƌƵĐƚƵƌĞƐĞƚƵƉƚŽĂǀŽŝĚǁĂƚĞƌŝŶĨŝůƚƌĂƚŝŽŶ
WĞƌŝŽĚŝĐĂůŝŵƉůĞŵĞŶƚĂƚŝŽŶŽĨŽŶƐŝƚĞƚĞƐƚƐĂĐĐŽƌĚŝŶŐƚŽĐŽŶƐƚƌƵĐƚŝŽŶƉŚĂƐĞƐ
WƌŽƉĞƌƉůĂŶŶŝŶŐŽĨŚĞĂǀǇŵĂƚĞƌŝĂůƐ͕ǁŝŶĚŽǁƐĂŶĚŐůĂǌŝŶŐƐƵƌĨĂĐĞƐŵŽǀĞŵĞŶƚƐ
ZĞĚƵĐĞĚŶĂƚƵƌĂůǀĞŶƚŝůĂƚŝŽŶŝŵƉĂĐƚŽŶďƵŝůĚŝŶŐĨĂĐĂĚĞĂŶĚŝŶƚĞƌŝŽƌƐƉĂĐĞƐ
KƉƚŝŵŝǌĂƚŝŽŶŽĨŽƉĂƋƵĞĞŶǀĞůŽƉĞŝŶƐƚĂůůĂƚŝŽŶ
/ŶƐƚĂůůĂƚŝŽŶŽĨƐĂǀŝŶŐƐǇƐƚĞŵƐƚŽďĞƵƐĞĚĨŽƌďĂƐŝŶƐĂŶĚƚŽŝůĞƚƐ
ŚĞĐŬŽĨĞǆŝƐƚŝŶŐƉŝƉĞƐĂŶĚĐĂďůĞƐďĞĨŽƌĞĂŶǇǁĂƚĞƌůŝŶĞŝŶƐƚĂůůĂƚŝŽŶ
&ůĞǆŝďŝůŝƚǇŽĨ,sƐǇƐƚĞŵƐ
ƉƉƌŽƉƌŝĂƚĞŝŶƐƚĂůůĂƚŝŽŶŽĨĐŽŽůŝŶŐƐǇƐƚĞŵƐ
,sĨĂƵůƚĂŶĚD^ĨĂŝůƵƌĞĚĞƚĞĐƚŝŽŶƐǇƐƚĞŵƐŝŶƐƚĂůůĂƚŝŽŶ
WƌŽƉĞƌŝŶƐƚĂůůĂƚŝŽŶŽĨƚŚĞƐĞůĞĐƚĞĚƐŽůƵƚŝŽŶĨŽƌ,t
ƉƉƌŽƉƌŝĂƚĞĨĂŶĐŽŝůŝŶƐƚĂůůĂƚŝŽŶ
ƉƉƌŽƉƌŝĂƚĞŝŶƐƚĂůůĂƚŝŽŶŽĨŚĂŶĚůŝŶŐƵŶŝƚǁŝƚŚŚĞĂƚƌĞĐŽǀĞƌǇ
'ƵĂƌĂŶƚĞĞƉƌŽƉĞƌŝŶƐƚĂůůĂƚŝŽŶŽĨŚŝŐŚĞĨĨŝĐŝĞŶĐǇŚĞĂƚƉƵŵƉ
ƉƉƌŽƉƌŝĂƚĞŝŶƐƚĂůůĂƚŝŽŶŽĨŝŶĚŽŽƌĂŝƌĐŽŶĚŝƚŝŽŶŝŶŐƵŶŝƚ
DĂŶĚĂƚŽƌǇĚĞůŝǀĞƌǇŽĨĂƵŶŝƋƵĞŚĂŶĚďŽŽŬĨŽƌKǁŶĞƌͬŶĚhƐĞƌƐ;hƐĞƌDĂŶƵĂůͿ
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3.1.1

List of stakeholders involvement for the Construction Phase

An overview of the main stakeholders involved in the Construction Phase and of the related
documents to be provided is reported in Figure below. According to the specified roles, duties
as well as skills and competencies, each stakeholder shall be involved in the development of
specific documents associated to the project construction (the official responsible for each
document is highlighted by the “bold” symbol).
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The role of each stakeholder is then synthetized in the box below in order to give a glance of
the main responsibilities and duties in charge to each of them within the Construction phase.
It is worth to be mentioned that the EET, defined at the beginning of the design phase, shall be
constituted by the same stakeholders. Nevertheless, stakeholders may also vary according to
the need and to the project.
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•

Building Owner - User - Investor is/are the proprietor of the building to be constructed and/or
the person/people who will occupy the building living/working there and/or who is allocating
capitals to finance the project. At the beginning of the project they have to appoint a Project
Manager that will represent them during the project life and with his/her support the main
project requirements in terms of costs, performances, quality, aestetics, time, etc are indentified.

•

The Building Owner has the most influence for ensuring that building operates sustainably
and has the potential to motivate and empower all Stakeholders to deliver efficiencies
through best practice operation and maintenance. This includes responsibility for establishing
environmental and maintenance policies and strategies for the building and ensuring adequate
resources are made available. Moreover, the Building Owner has ultimate responsibility for
legal and compliance issues for the building. In fulfilling all the aforementioned duties, the
Building Owner must take account of the Building Occupants requirements and aspirations.
It is important for Building Owners to appreciate that any additional costs associated with
high efficiency maintenance are investments which deliver returns through reduced long term
operating costs, occupant satisfaction and better retention of asset value.

•

Building users/occupants have an important role in helping to define a buildings ecological
footprint. They can make an important contribution to efficient building operation by pushing for
performance enhancements in the buildings they occupy, in order to make them environmentally
friendly. In this sense, they may act stimulating other Stakeholders such as Building Owners
and Building Managers to take action towards achieving energy efficiencies.

•

Building occupants shall for example ensure that the equipment they operate is efficient, staff
behavioural patterns do not affect the efficiency of HVAC Systems and that work carried out
during tenancy fit-outs do not affect the performance of base building services.

•

Project Manager is an architect/engineer, appointed by the Building Owner-User-Investor,
responsible for the whole project development on behalf of them. He/she takes care of all the
various aspects coordinating the different stakeholders to progress with the project activities
and he/she is the only interface with the Building Owner-User-Investor for the whole project
life.

•

MEP designer (Mechanical, Electrical and Plumbing designer), known also as HVAC designer, is
an engineer responsible for the development of the disciplines needed to build safe, working
structures for human use and occupation. In particular:
•

For the mechanical part, also known as HVAC, he/she is responsible for the design, installation
and maintenance of air conditioning, heating and ventilation, meaning changing filters and
installing furnaces, along with air conditioners. When necessary, he/she also handles tasks
such as smoke control and exhaust.

•

For the electrical part, he/she is responsible not only for providing power to all outlets and
appliances but also for lighting, switches, fire alarms, security systems, as well as lightning
protection when necessary.

•

For the plumbing part, he/she is responsible not only for the delivery of water and the draining
of waste water but also of handling fire suppression systems and storm pipe systems, as well
as gas delivery systems.



Modern technologies for building require a great deal of energy and water, along with
sophisticated and secure methods of delivery. Large buildings also require substantial
ventilation and other environmental controls, as well as safety precautions for their larger
populations and larger distances from exits. All the above mentioned aspects are under MEP
designer responsibility.

•

Structural Engineer is responsible for the development of the structural design of the new
building, starting from the architectural design performed by the Architects, taking into

particular consideration the requirements identified by the Building Owner-User-Investor with
the support of the Project Manager.
•

Consultants (e.g. acoustic engineer, geologist) are professional profiles with a specific expertise
and knowledge in a particular technical field (e.g. acoustic engineer, geologist, etc). They can
be involved in the project usually for a limited time to take care of peculiar aspects or to solve
specific problems.

•

Technology Providers – Suppliers are companies or other entities that develops, manufactures
and/or sells specific products/components/materials to be implemented in the building for
fulfilling the project requirements (e.g. providers of heating & cooling plants, solar collectors,
pv panels, etc.)

•

BIM Manager is an Architect/Engineer/designer, with specific expertise in Building Information
Modeling, responsible for the process of generation and management of digital representations
of physical and functional characteristics of the new building project. The BIM Managers can
leverage on commercial softwares to perform his/her task and such tools can be used at the
same time by the main stakeholders who plan, design, construct, operate and maintain the new
building facilitating an holistic management of the project.

•

LCA/LCC responsible is usually a designer (architect/engineer) trained towards an easy
implementation of the LCA/LCC analysis in buildings design.

•

Building Energy Manager takes care of the overall building energy management towards the
achievement of the energy targets and/or certifications such as passive house certification,
etc.

•

Building Manager (BM), that may be also the Building Owner, is usually responsible for Building
Maintenance. The BM has to implement the maintenance and environmental policies and
strategies set by the Building Owner, in accordance with the allocated resources. Moreover,
the BM shall lead the process for implementing changes that deliver energy efficiencies. In
some larger properties or property portfolios, the BM may be assisted by the Energy Manager,
whose main task is to set up benchmarks and Key Performance Indicators (KPIs) that can be
used for setting up targets and monitoring the effectiveness of any sustainability measures
implemented.



Maintenance & Service providers

•

Energy or Maintenance Auditors may be commissioned by the Building Manager or the Building
Owner to carry out energy audits on buildings and/or to assess the effectiveness of the service
provided by Maintenance Contractors. Maintenance audits may also be requested by Building
Occupants, who want assurance that the Building Owner is maintaining the central services in
a safe and efficient manner, in accordance with lease conditions.



Energy and Maintenance auditors prepare comprehensive maintenance specification for
buildings which are necessary to have a good knowledge of how the building must operate in
order to meet the requirements of the Building Owner and the Occupants.

•

Design Engineers are engaged by the Building Owner and have responsibility for evaluating
HVAC System requirements in accordance with the design brief, performing design calculations
and issuing drawings and specifications to be used for installation, commissioning and
maintenance during the defects liability period. The Design Engineer must develop solutions
offering best value for money, ensuring HVAC Systems to be operated and maintained in a
manner that delivers energy and water savings,



The Design Engineer has a major impact on the level of commissioning that is specified and
achieved, therefore he/she must give attention to the correct specification of commissioning
and building tuning requirements, building user guides, operating and maintenance manuals,
energy smart controls strategies, monitoring and verification systems together with the necessary
sub metering systems – which all have a significant impact on achieving the full environmental
potential of a building. When working on designs for new buildings and replacement of existing
HVAC equipment, the Design Engineer needs to play an active part towards ensuring that new
systems have inherent features that enhance efficiency and are ‘maintainable’.

•

Controls and Commissioning Specialists are practitioners in charge of equipment installation
and maintenance procedures therefore they can give an important contribution towards the
delivery of high building performance.
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3.1.2

List of construction documentations to be delivered

Engineering
Documents

Master Work Plan

The Master Work Plan (MWP) is a document developed with
the involvement of the main construction stakeholders to apply
a clear and logic construction process control to verify that the
construction works are proceeding as expected according to
the Gantt Chart. It is recommended to include in MWP approval
deadlines and periodical review and update it in order to cover
its potential weakness points and respect the sequence of
bureaucratic activities, deadlines and milestones established in
the design phase.

Material Approval
Procedure (MAP)

The Material Approval Procedure (MAP) shall be a document
developed between Project Manager (PM)/Owner and Constructor
in order to verify the material characteristics and data compliancy
with the standards before starting with the construction process.
This procedure should be followed during the whole construction
process.

Handover
Procedure (HP)

The Handover Procedure (HP) shall be a document developed
between Project Manager (PM)/Owner and Constructor in order to
establish the tests to be performed for verifying the achievement
of targets after the installation of energy efficiency systems during
the construction phase.

Safety Plan

The Safety Plan shall be a document prepared by the Contractor
and approved by the Project Manager and the Contracting Body,
aimed at guarantee zero accidents during the Construction works.
While it is the responsibility of each individual to work safety,
it is ultimately the contractor’s and each tier subcontractor’s
management’s responsibility to see that safety and health policies
and practices are followed and enforced. The project expects
each contractor’s and subcontractor’s supervisory personnel to
be actively involved in promoting the safety and health program
that they have agreed to implement on the project, according to
the Plan issued.

Contingency Plan

The Contingency Plan shall be a document aimed at addressing
potential risks that might occur (delays in the supply, critical
issues due to unpredictable events, non-standard issues, etc.)
during the Construction works.

Site
opening
and
preparation
phase
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Foundations
and
underground
structures
phase

During the implementation of projects, it is expected to submit
a number of interim (or progress) financial and technical
reports, usually as a condition for receiving further grant
advances (payments). The financial and technical progress
report explains what was achieved with the money and time
spent on a project during the specific reporting period. The
Financial and
technical progress progress report specifically refers to the project management
report
schedule and budgets which were set out at the beginning.
The progress report represents the best opportunity to request
and discuss changes or amendments to any aspect of the
project. Depending on the size and complexity of a project, the
progress report may vary in length from two-to-three singlespaced pages, to up to 15 or 20.

BIM Execution
Plan (BEP)

Update of the previous version of the BEP (issued in the Design
phase)

LCA/LCC reports

Update of the Design version of the LCA/LCC reports (issued in
the Design phase)

During the implementation of projects, it is expected to submit
a number of interim (or progress) financial and technical
reports, usually as a condition for receiving further grant
advances (payments). The financial and technical progress
report explains what was achieved with the money and time
Financial and
spent on a project during the specific reporting period. The
technical progress progress report specifically refers to the project management
report
schedule and budgets which were set out at the beginning.
The progress report represents the best opportunity to request
and discuss changes or amendments to any aspect of the
project. Depending on the size and complexity of a project, the
progress report may vary in length from two-to-three singlespaced pages, to up to 15 or 20.
Aboveground
structure
(structure and
floors) phase
BIM Execution
Plan (BEP)

Update of the previous version of the BEP (issued in the previous
phase)

LCA/LCC reports

Update of the previous version of the LCA/LCC reports (issued
in the previous phase)
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Building
cladding and
roof phase

During the implementation of projects, it is expected to submit
a number of interim (or progress) financial and technical
reports, usually as a condition for receiving further grant
advances (payments). The financial and technical progress
report explains what was achieved with the money and time
Financial and
spent on a project during the specific reporting period. The
technical progress progress report specifically refers to the project management
report
schedule and budgets which were set out at the beginning.
The progress report represents the best opportunity to request
and discuss changes or amendments to any aspect of the
project. Depending on the size and complexity of a project, the
progress report may vary in length from two-to-three singlespaced pages, to up to 15 or 20.

Operation Plan

The Operation Plan shall be a detailed document, customized
according to the site size and typology, useful to verify operation
of installed systems or technologies.

BIM Execution
Plan (BEP)

Update of the previous version of the BEP (issued in the previous
phase)

LCA/LCC reports

Update of the previous version of the LCA/LCC reports (issued
in the previous phase)

The Non-Conformance Reporting Procedure (NCR) shall be a
document aimed at regulating the proper track of the energy
Non-Conformance efficiency systems real implementation on site not conform
Reporting
with the original design (i.e. difficulties in installation of PV due
Procedure (NCR) to the different time-scheduling of operation foreseen at the
design phase, or mismatching among designed/expected PV
sizes and real practical area for PV).

Plants and
auxiliary
systems phase

During the implementation of projects, it is expected to submit
a number of interim (or progress) financial and technical
reports, usually as a condition for receiving further grant
advances (payments). The financial and technical progress
report explains what was achieved with the money and time
Financial and
spent on a project during the specific reporting period. The
technical progress progress report specifically refers to the project management
report
schedule and budgets which were set out at the beginning.
The progress report represents the best opportunity to request
and discuss changes or amendments to any aspect of the
project. Depending on the size and complexity of a project, the
progress report may vary in length from two-to-three singlespaced pages, to up to 15 or 20.
Operation Plan

Indoor and
outdoor
finishing phase
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Updated version of the Operation Plan, issued in the previous
Construction Phase.

During the implementation of projects, it is expected to submit
a number of interim (or progress) financial and technical
reports, usually as a condition for receiving further grant
advances (payments). The financial and technical progress
report explains what was achieved with the money and time
Financial and
spent on a project during the specific reporting period. The
technical progress progress report specifically refers to the project management
report
schedule and budgets which were set out at the beginning.
The progress report represents the best opportunity to request
and discuss changes or amendments to any aspect of the
project. Depending on the size and complexity of a project, the
progress report may vary in length from two-to-three singlespaced pages, to up to 15 or 20.

Indoor and
outdoor
finishing phase

Operation Plan

Updated version of the Operation Plan, issued in the previous
Construction Phase.

BIM Execution
Plan (BEP)

Update of the previous version of the BEP (issued in the previous
phase)

LCA/LCC reports

Update of the previous version of the LCA/LCC reports (issued
in the previous phase)

During the implementation of projects, it is expected to submit
a number of interim (or progress) financial and technical
reports, usually as a condition for receiving further grant
advances (payments). The financial and technical progress
report explains what was achieved with the money and time
Financial and
spent on a project during the specific reporting period. The
technical progress progress report specifically refers to the project management
report
schedule and budgets which were set out at the beginning. The
progress report represents the best opportunity to request and
discuss changes or amendments to any aspect of the project.
Depending on the size and complexity of a project, the progress
report may vary in length from two-to-three single-spaced
pages, to up to 15 or 20.

Construction
process final
report

The Construction Process Final Report shall include the
following:
• Site Records
• Construction Team Reports
• Inspection Reports
• Safety Management Reports
• Work plan Updates (BIM linking)
• Video and pictures of the construction works

User Manual

The User Manual shall be a unique handbook for Owner/End
Users collecting all the building energy systems specifications
towards a proper Operation and Maintenance (O&M) of the
building. Thus the User manual shall contain all the explanations
for O&M requirements of the building.
The User manual shall:
• Specify systems that can be properly maintained by the
owner, based on the owner’s stated resources.
• Provide as part of construction, contract system interfaces
to allow personnel to easily monitor and adjust system
parameters.
• Make systems control, operation, and maintenance
training part of the construction contract.
• Include complete documentation regarding operation
and maintenance of all equipment and controls systems
as part of the construction contract.
• Establish a written, comprehensive operation and
maintenance program, based on the requirements of the
facility, equipment, and systems installed. (The preventive
Maintenance Plan)

Testing and
commissioning
phase
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3.2 Prioritization mechanism for the Construction phase
The Prioritization Mechanism for the Construction Phase is a work instrument that
translates the proposed recommendations into objectives criteria that can be quantified
and prioritized towards the evaluation of the most important ones for the construction of
new low energy buildings according to the specific case (climate, building typology, etc.).
The Prioritization Mechanism for the Construction Phase enables the NEED4B
methodology’s users, namely the Energy Efficiency Team, to understand how (with
respect to the identified clients’ needs (both mandatory and “nice to have”)) and which
priorities are to be assigned in the new low energy building construction.
• The “how priorities have to be assigned” is provided by the implementation of a
dedicated procedure comprising two main steps: (i) identification and ranking of
clients’ needs/requirements and (ii) ranking of the provided recommendations in
the so called Relationship Matrix according to specific criteria provided (see table
afterwards)
• The “which priorities have to be assigned” is provided by the Pareto Diagram, main
output from the implementation of the above mentioned process, able to provide
the most relevant recommendations for the construction phase weighted on the
identified clients’ needs.
The integrated version of the Prioritization Mechanism relies on the recommendations
used in the Optimization Mechanism (see booklet in Paragraph 3.2.1). The EET is able to
work together in an integrated way, keeping track of the cluster of recommendations but
without being so strictly constrained to them.
Added value of the Prioritization Mechanism:
• Clients’ requirements evaluation
• Prioritization of different recommendations weighted on clients’ needs
• Evaluation of the most relevant recommendations per cluster

Process:
• Keeping on hand the booklet for Prioritization Mechanism implementation (Paragraph
3.2.1), the EET shall complete the Excel file provided in Appendix 2 according to the
following steps.
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Step:
1. “User requirements” - “Voice of the Customer”
identification according to each stakeholder
and to the specific building boundary
conditions (to be defined and customized
time to time, using also instruments such as
the Mind Map):
• Identify the users and their needs (must/nice
to have)
• User requirements relevance assessment on
a scale from 1(low) to 5(high) Criteria for user
need “Priority” assessment (1-5):
1= Less important; 2= Not essential to have; 3= Good to have; 4= Very good to have; 5=
Mandatory.
2. “Technical Recommendations” = identification of the “Voice of the Engineer”, from the
Optimization Mechanism providing the main recommendations to be taken into account.

3. Relationship matrix definition according to specific criteria (see Excel Table reported
below). Assignment of the relevance of the single recommendations for the fulfilment of
the clients’ needs

The main output of the Prioritization mechanism will be then the Pareto Diagram able to provide
the most relevant technical recommendations for each phase weighted on the stakeholders
needs.

An example is reported in the figure above where, by taking into account the 6 most relevant
recommendations, the 40% of user needs shall be fulfilled.
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3.2.1

#

Recommendation

1

Set up of a
procedure for hiring To foresee a procedure for hiring people before time, if required, in order
people, taking into to avoid not having enough power to carry out the work and identifying
account low energy proper channels (e.g. reliable job agencies).
buildings experience

2

Mandatory on site
survey at the yard
opening

To compel the Construction Manager of verifying the site at the beginning
of the construction phase (e.g. potential differences in lot and sizes, the
level of the aquifer, mechanical compacting pressure of the site (checked
by plate resistance test)).
To check and possibly modify the drawings in case of onsite measures/
dimensions different from what was foreseen in the design phase. To this
aim, it is also recommended to take further measurement on site and
check before ordering materials and systems to be implemented. To
update also the associated BIM model according to the modifications to
drawings.
In particular, to consolidate areas with detachments risks (i.e. through the
construction of drainage network, pumps for water removal) in order to
avoid problems linked to the separation of incoherent elements and/or
control potential superficial phreatic aquifers.
To schedule the availability of facilities at the beginning of the
construction process in order to open the work site on time and to have
the time for verifying that all the services are adequate (e.g. no phones,
network wiring, furniture, office supplies, etc.) and the materials are in
place at established time.

3

Check and
optimization of
construction
techniques
implemented in
LCA/LCC studies

To check and optimize the environmental and economic impacts of
different construction techniques implemented through LCA-LCC
studies.

Meeting calendar
set up beforehand
and observance of
scheduling

To plan and organize a meeting calendar beforehand so that members
of the team may block their agendas, to avoid extra effort calling the
meetings, as many people with tight agendas make difficult finding a
common available date.
To organize prompt and dedicated meeting to solve specific problems or
deviations that may suddenly occur with the aim of taking common and
agreed decisions.
To produce and register meetings minutes in order to increase the
communication among stakeholders, to avoid disagreement among
different stakeholders/companies (i.e. on further expenditures, on
timing), lack of communication among different teams or overlapping/
interferences of activities on site as well as lack of communication with
customers and suppliers.
To follow the meeting scheduling planned (Gantt of the construction
process) for the construction phase in order to monitor the construction
works progress and the interaction among involved stakeholders. Project
Manager will be the responsible for this activity.
To exploit these meetings with contractor, site chief, team leaders on
each construction item (mounting of windows, etc) prior to work in order
to make them understand of the outcomes of their work, preciseness of
installation and building envelope.

4
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Booklet for implementing the Optimization and Prioritization
Mechanisms for the Construction Phase
Description

#

Recommendation

Description

5

Possible synergies
with the Municipality
To take advantage of possible synergies with the Municipality for
fostering for
guaranteeing the transparency of construction works in public
transparency in
procurements.
construction in
public procurements

6

Check and
optimization
of transport
impact fostering
collaboration with
building industry

To check and optimize the energy and environmental impact and
cost associated with the transportation of materials and equipment.
To identify and define the number of manufacturers or the number of
stores providing building products in order to optimize the transportation
impacts by underlining this aspect in LCA and collaborating closely with
the building industry. To remember that for big quantity of material, the
amount come directly from the manufacturer.
To monitor impacts of transport-related losses of materials.
To include the impacts of the transport and the impacts of any
transport-related losses of materials and its disposal (i.e. the impact of
manufacturing material that is wasted as a result of transport and the
impact of disposing of waste). Losses should be documented, where
these occur and in general they could be monitored at the delivery on
site by the owner and not by the manufacturer.
To evaluate also the impact of transportation of machinery necessary for
the construction of a building from the storage place to the construction
site. Rules for estimation should follow the recommendations of EN 15804
“Sustainability of construction works, Environmental product declarations,
Core rules for the product category of construction products”.
In this case, practitioners should refer to the cut-off rules, and use detailed
calculations for the transportation distances and load factors.
The practitioner should use specific data for the ancillary materials
and for the processes or construction tools (which can be defined with
stakeholders) for complete LCA.
To this aim it is recommended to foster a close cooperation with building
industry and products manufacturers in order to gather detailed
information about the construction site in terms of specific or average
transport distances and load factors (e.g. transport of building products
from the manufacturer´s production plant or from regional storage).
To use a dedicated module for transport of products to the construction
site considering distances and load factors, or average distances and
load factors if data are missing (since this kind of information is very
difficult to be obtained from the manufacturers).
To apply the rules provided in EN 15804.

7

CO2 emissions
reduction through
selection of suppliers
minimizing the
distances and with
adequate transport
trucks

To reduce CO2 emissions by making an active choice of material suppliers
and subcontractors, both in production at the factory and on the building
site. Distance from the factory and site should be added as selection
criteria in addition to the economic one for suppliers and subcontractors.
Moreover, transport suppliers with modern low-emissions truck fleets
should be preferred, and the reduction of empty return trips should be
added as supplier requirements.

8

To evaluate water and energy demand on the construction site. Energy
and water are consumed both for the construction of the building and for
the workers´ accommodation.
Evaluation of LCA
The practitioner should use detailed calculations based on the amount
aspects associated of water and energy consumption from meter readings on site. These
to water and energy experimental data should be linked to LCA data covering upstream
demand during
(potabilization) and downstream (waste water treatment) processes for
construction through the water-related impacts, and upstream processes for the water-related
onsite meter reading impacts, and upstream processes for the energy consumption (supply)
for complete LCA.
This recommendation is more suitable for big project instead of small
ones where total data could be collected but not analysed on demand.
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#

62

Recommendation

Description

9

Evaluation of
LCA aspects
associated to
construction wastes
implementing
a proper waste
management

To evaluate LCA aspects associated to construction wastes. Site wastage
may be considerable, and has impacts both from manufacture and
transport of the material and from transport and waste processing and
disposal of the wastes. The practitioner should use detailed calculations
for complete LCA. WRAP (http://www.wrap.org.uk/) has consulted with
UK industry, and has provided baseline and good practice wastage rates
for most construction material types, which could be used in the absence
of data. This would also help the choice of different materials instead of
other ones.
To consider the management of construction and packaging waste
(quantity and transport to proper treatment plant) generated onsite
during the stages of construction process in terms of energy consumption
and check the availability of treatment plan nearby the demo site.
To foster waste recycling and reduction on site by reusing construction
materials. E.g. to foster on-site good separation of products (easier for
inert materials for example). Waste reduction on site would decrease
further CO2 emissions from the construction phase. This can be attained
by more effective construction processes and better process control.

10

Evaluation of the LCA
impacts associated
to storage of
products on site
before installation

To evaluate the impact of products storage on arrival at site before
installation including such aspects as maintaining specific temperature
or humidity in a storage space on site, and protection from weather,
vandalism, theft, etc.

11

To evaluate the on-site capital goods in the LCC analysis. Various
capital goods can be found on a construction site, such as construction
machinery (skid-steer loaders, bulldozers), cranes, and the bungalows
Evaluation of the onfor the workers. These capital goods are generally used by a construction
site capital goods in
company on different construction projects. In this context, it is important
the LCC analysis
to assess the depreciation of capital goods, taking into account their
lifetime and their actual status, and allocate the impacts of their
manufacture to a certain amount for one construction site.

12

To develop a Master Work Plan (MWP) with the involvement of the main
stakeholders to apply a clear and logic construction process control to
verify that the construction works are proceeding as expected according
Master Work Plan
to the Gantt Chart. To include approval deadlines in MWP and periodical
(MWP) development
review and update it in order to cover its potential weakness points
and respect the sequence of bureaucratic activities, deadlines and
milestones established in the design phase.

13

To define the various work tasks that must be accomplished using as
a reference the available measurements (bill of quantities) as long as
Validation of the
they are done in the same order as the construction process will be
work and associated executed. To be sure that all necessary work tasks are included in one
activities according or more activities, underlining time and resources, including manpower
to bill of quantities if and equipment as well as their relationships. The beginning and the
possible
end of activities are signposts or milestones, indicating the progress of
the project. Occasionally, it is useful to define activities which have no
duration to mark important events.

#

Recommendation

Description

Material Approval
Procedure (MAP)
development and
implementation

To introduce a Material Approval Procedure (MAP) between Project
Manager (PM)/Owner and Constructor in order to verify the material
characteristics and data compliancy with the standards before starting
with the construction process. This procedure should be followed during
the whole construction process. In particular:
• To gather all standards and warranties of the used materials (standards
certifications, warranty certifications and catalogues on usage and
preservation of the materials).
• To set up appropriate warranty rules for installation quality and defective
materials and products as well as warranty timing (e.g. preferably use
of water-based painting/only green materials, etc). To try to get longer
warranty (5 years)
• To check well in advance if the building materials are sufficient to
complete associated construction tasks and if not get more at nearest
store or order new material.
• To check delivery notes of concrete before the installation in order
to verify its quality. In the case of bad weather conditions during and
after casting to pay attention to the admixtures in the concrete to be
adjusted as a consequence. To request certificate / tests on samples if
any doubt still exists.
• To foster the implementation of materials and systems with a
professional indemnity insurance able to cover the high cost associated
to defective products.

15

Economic resources
optimization and
control

To optimize and validate the use of resources available according to the
activities to be performed.
To periodical check and control the expenses (material supply, electricity,
fuel, water, etc) during the construction works in order to verify their
optimization. The observance of such recommendation produces
benefits for all the key stakeholders involved in the construction process
(contractors and client).

16

Monitoring costs
procedures
development and
implementation

To establish procedures for evaluating and monitoring costs during the
construction process of the project.

Editing clear
contracts with third
parties

To edit clear and exhaustive contracts with third parties at fair and
reasonable conditions according to the involved stakeholders. For
example:
• To have contracts with carriers and authorized waste managers, for
the removal of waste from the construction work and its proper final
management.
• To agree and acquire an insurance from the contractors in order to
ensure that the building will be finished and delivered to the final owner
and to avoid the construction work sudden stop.
• To foster eligible contracts between Project Manager (PM)/Owner,
Designers and Contractors defining each phase of the design
associated to the construction phases. To formally amend the contract
between the Project Manager (PM)/Owner and the Contractor before
implementing any onsite variation/deviation with respect to the final
design, taking into account that amendments can happen at any time.

14

17

18

To periodical check of financial plan before the construction works
beginning in order to avoid interruptions or stopping during the
construction phase (i.e. due to missing financing from banks or from the
owner/investor). To foresee a financial plan that can cover also possible
deviations.
To take into account and advantage of potential bonuses and incentives.
Financial plan check To collect/obtain the guarantees for the financial resources before
starting the construction works in order to avoid lack of funds during the
including margins for construction phase (i.e. due to missing financing from banks or from the
possible deviations owner/investor). To verify financial reliability of:
• Investors by signing credit agreements with banks in order to guarantee
the interim payments according to the construction progress and
therefore guarantee appropriate construction process continuity,
thanks to the prompt payments of materials, products and systems.
• All the contractors and sub-contractors involved in the construction
process in order to minimize problems with partners going bankrupt or
nonperforming.
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#

Recommendation

Description

19

Periodical check
of local/regional
incentives for EE
buildings

To periodically check the availability of local/regional incentives for
investments of EE buildings.

20

BIM model regular
update for tracking
site activities

To regularly update the BIM model in order to keep track of the
construction works progress and to obtain the BIM “as-built” model for
future use during maintenance phase and to prepare the ground for the
validation of the building energy performance by comparing it with the
expected energy consumption and comfort targets defined within the
design phase and implemented during the construction phase.
To add into the BIM model the warranty information useful for operation
and maintenance.

21

Evaluation of
the LCA impacts
associated to the site
preparation

To perform detailed calculation (based on specific data) for complete
LCA in order to evaluate the impact of site preparation, including the fuel
consumption of, for example, skid-steer loaders or bulldozers during the
groundworks and landscaping or, if this is not possible, using if available
generic data accounting for the impact of the fuel consumption of
construction machinery (e.g. skid-steer loaders or bulldozers).

22

To prepare a construction process time schedule taking into account
some margins for unforeseen difficulties, days-off, bad weather
conditions, etc. If delays happen, re-plan the activities in order to mitigate
the related impacts on the building construction schedule in terms of
Construction process extension of permissions or whatever. To plan in advance which facilities
are necessary during the building construction and when.
time schedule
considering margins To this aim, carefully review the timetable before the beginning of
for unforeseen
the construction process in order to verify the feasibility of the project
events and set up
according to the Gantt developed during the design phase in order to
periodical updates minimize extension of worksite that impacts on the permissions duration.
To take advantage of the time schedule tailoring to properly choose the
most appropriate techniques and methods for construction not defined
in the design phase. They are crucial ingredients in the success of the
project.

23

For an appropriate installation of rain water collectors it is recommended:
• To check the size of gutters, downspouts and inflow pipes in order to
be able to handle the maximum rainfall intensity likely to occur in the
installation area.
• To avoid the use of toxic materials for not contaminating water. Roofing
materials also affect the water quality: copper, zinc or lead roofing
materials should not be used for rainwater collection. Some type
of pre-tank treatments, such as mechanical filtration and first flush
systems, have to be use for diverting the particulates accumulated on
Proper installation of
roofs before they enter the storage tank.
rain water collectors
• To apply filtering treatments to the cleaning water, for reuse in other
work units. For example, decanting and neutralisation of water washing
of gutters of concrete tanks for re-use.
• To install surfaces and reservoirs to collect rainwater (and run-off if
required) during the construction work, in order to be able to use it in
other processes, considering what it is established in the legislation of
application.
• To use rainwater or no drinking water, through a system of catchment
and supplying of rain water.

24
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Active and passive
systems design
check towards
proper installation

To study the passive and active systems selected in the design phase and
develop the contingency plans and building/constructing/connection
schedule and work plan specifically according to the selected systems.

#

Recommendation

Description

Quality Control
Plan periodical
update for quality
test periodical
implementation

To periodically fill in the Quality Control Plan (QCP) in order to keep high
the attention of the various stakeholders involved in the construction on
critical aspect of the construction leading to energy efficient buildings.
During the construction process, the responsible person will fill in the
control plan with the appropriate results of checks oriented toward
energy performance. The QCP, in the form of customized checklist,
will allow the construction teams to work carefully when considering
the energy related tasks, will provide detailed information regarding
the actors taking part in the energy related tasks as well as the use of
materials.
To apply appropriate quality periodical tests according to QCP in order
to ensure that the quality requirements set during the design phase are
followed up in the construction phase. Some items to consider are:
• Quality tests are recommended for the validation of energy or
environmental performance at crucial points during the process, also in
case of unexpected events. Take blower doors or thermal photographs
as an example
• Every change and alternative solution should be checked on a
conceptual level

26

Vehicles fleet
efficiency
improvement

To foster the use, whenever possible, of vehicles based on cleaner
technologies, such as:
• Hybrid vehicles
• Electric battery vehicles
• Hydrogen fuel cell vehicles
• Vehicles using liquefied petroleum (LPG)
• Vehicles that use as fuel biofuels (biodiesel, bioethanol or biogas)
• Natural gas vehicles
To use in the fleet belonging to the construction work, solutions antipollution that improve efficiency and emissions, such as:
• Three-way catalysts
• Selective catalytic reduction (SCR)
• Diesel filters of particles (DFPs)

27

Exploitation of
the BIM model
for site activities
coordination

To use the BIM model in order to coordinate and optimize the materials/
products/systems supply to be provided and their storage at the yard.
To use the BIM model in coordination meetings among key construction
stakeholders at the construction site.

28

BIM 4D (time
scheduling
dimension)
implementation
during the
construction work
planning in order to
visualize possible
deviations

To take advantage of 4D BIM model for project planning programme
in order to enable clear visualization of the construction program as
an animated sequence through the link between BIM models and the
construction planning (4D dimension-time scheduling) developed in
common tools (as Microsoft Project or Primavera), to improve reliability
and scheduling efficiency, the optimum use of critical resources,
communication and visualization of construction work.
To respect the schedule tied to the BIM model in order to allow
visualization of deviations from planned sequences and durations.

Use of PCR
documents and EPD
data for developing
reliable LCA analysis
taking advantage of
cut-off rules

To increase the validation of EPD products from manufacturers and
foster the use of specific data, such as data available in Environmental
Product Declaration (EPD) and Product Categories Rules (PCR) in order
to make a reliable LCA/LCC analysis.
To this aim it is recommended to clearly define the cut-off rules that enable
to conduct LCA without having to model 100% of the building system. To
do this, to take advantage of the ILCD Handbook (or EN 15804/EN 15978)
for evaluating the cut-off criteria referring to the omission of non-relevant
life cycle stages, activity types, specific processes and products and
elementary flows from the system model (for example product storage
on site before installation, transport of construction workers, transport of
construction machinery to the building site, accounting of on-site capital
goods, prefabrication of building products).
If appropriate data are available, they should be included in the LCA. If
not, then conservative assumptions should be made, and documented
transparently.

25
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#

Recommendation

30

To perform the construction works according to the executive design in
order to get the optimum result. The project manager/Contractor should
monitor the execution according to the Implementation Plan.
It is recommended to verify the required resources for each construction
Compliancy of
construction works activities identified in the Implementation Plan in order to allocate
resources and optimize them. By making resource requirement estimates
execution with
Implementation Plan for each activity, the requirements for particular resources during the
course of the project can be identified. Potential bottlenecks can thus be
identified, and schedule resource allocation or technology changes made
to avoid problems. Many formal scheduling procedures can incorporate
constraints imposed by the availability of particular resources.

31

To proper manage the energy efficiency systems installations through:
• The supervision of energy efficiency systems manufacturers/experts
during the installation phase in order to limit problems (e.g. not
appropriate installation) due to lack of knowledge of the specific
system by technicians/workers.
• The planning of periodical controls of the technical documentations
related to energy efficiency systems, including defects found, potential
deficiencies and resources used for the installation process (during
Proper management
construction phase) in order to avoid mistakes and misunderstandings.
of energy efficiency
Moreover, constantly update the energy efficiency design according
systems installations
to the modifications that can happen during the construction phase
in order to verify the compliance of the real implementation on site of
energy efficiency systems.
• The set up and use of a Non-Conformance Reporting Procedure
(NCR) in order to properly keep track of the energy efficiency systems
real implementation on site not conform with the original design (i.e.
difficulties in installation of PV due to the different time-scheduling
of operation foreseen at the design phase, or mismatching among
designed/expected PV sizes and real practical area for PV).

32

To keep track of energy consumption associated with the construction
work to assess deviations that can correspond to leaks or bad habits and
to reduce consumptions.
To avoid the use of energy unnecessarily to accelerate some processes
in the construction works. For example, not to use artificial methods of
drying to reduce waiting times and/or to preferably use devices (e.g.
electrical screwdrivers, driller, etc.) with rechargeable batteries.
To reduce climate impact by implementing actions such as increasing
the efficiency of machinery use and thus reducing their working times.
Any measure aimed to reduce fossil fuel consumption and machinery
time would also reduce the costs of the project.
To install systems allowing an efficient use of energy such as lighting
using low consumption light fixtures and equipment with high energy
efficiency certification and assessing the light required in the provisional
lighting system to manage the accurate installations at each point to
avoid unnecessary consumptions.

Construction work
energy optimization
to reduce
consumptions

Description

#

Recommendation

Description

Water saving criteria
implementation in
the construction
work leveraging
on water meters
installation
to evaluate
consumptions

To apply water saving criteria in the construction work such as for
example:
• To install surfaces and reservoirs to collect rainwater (and run-off if
required) during the construction work, in order to be able to use it in
other processes, considering what it is established in the legislation of
application.
• To apply filtering treatments to the cleaning water, for reuse in other
work units. For example, decanting and neutralisation of water washing
of gutters of concrete tanks for re-use.
• To use recycling water in production of concretes, irrigation of roads
and collections, irrigation of plantations, irrigation of embankments.
• To provide training to workers on good practices in the use of water.
• To keep track of water consumption and implement inspection
programs, to identify bad habits and leaks.
• To save drinking water for applications where it is essential.
• To use rainwater or no drinking water, through a system of catchment
and supplying of rain water.
• To use recycling water in production of concretes, irrigation of roads
and collections, irrigation of plantations, irrigation of embankments,etc.
• To minimize the consumption of water in the works of the construction
works (for example, soak all a pallet of bricks before placing it for
use, avoiding thus having to do one to one) or carry out cleaning of
equipment and vehicles through pressurized water equipment and
reusing the wash water.
• To install water saving devices in the fixed areas of changing rooms or
toilets during the whole process of work.
• To use efficient machinery in water consumption.
• To clean the machinery with systems that allow the saving of water,
such as water pressure washing, avoiding as far as possible the use of
hoses.
In addition, to evaluate consumptions and related possible saving
it is recommended to install water meters for areas to meet the
consumptions and evaluate the possible savings as well as to keep track
of water consumption and implement inspection programs, to identify
bad habits and leaks.

34

Risk contingency
and Quality Plans
implementation

To implement the Risk Plan developed within the design and periodically
review it. This is under Project Manager responsibility.
To regularly update the Contingency Plan in order to address potential
risks that might occur (delays in the supply, critical issues due to
unpredictable events, non-standard issues, etc.).
To implement Quality Control Plan (QCP) in order to control the compliance
of the overall building construction process. To consider the possibility
of subscribing insurance in case of contingencies to fix potential quality
problems that may occur.

35

Mandatory review of
LCA/LCC reports

To review the LCA/LCC analysis report delivered as mandatory during
the design phase with respect to the updated data from the construction
phase in order to evaluate a more accurate environmental and economic
impact of the construction works and perhaps to reuse data for further
other design.

36

Interim evaluation of To set up an interim evaluation of the project progress judged by timely
project construction completion of actions defined by milestones.
set up

37

Construction work
records according to
the quality control
procedure

To record the construction works via photos, videos, etc in order to
collect and provide document evidence of the construction process.
To register the documents produced during the construction phase
according to a predefined quality control procedure in order to trace
potential deviations and be transparent and to learn from previous
experience (lessons learnt) in order to avoid the replication of mistakes.

38

Reasonable time for
solving unforeseen
problems

To take a reasonable time for solving unforeseen problems that may
occur in the construction phase in a cost-effective way.

39

Appropriate
installation and
use of technical
equipments

To install and use all technical equipment only in the manner intended
by the manufacturer.

33

67

#

40

41

42

68

Recommendation

Description

Clear and logical
documents
control process
implementation and
update

To identify the key and/or mandatory standard documents to be used
during the construction phase and to develop a clear and logical
construction documents control process.
To register the documents produced during the construction phase
according to a predefined quality control procedure in order to trace
potential deviations and be transparent. To centralize this information
and store it in order to be available and managed by the Project Manager.
To keep updated the onsite meetings documents (agenda and minutes)
in order to keep track of the construction works deviations, if any. It
would be appropriate to have mobile devices/intranet for all the team in
order to facilitate the document update.

Bidders preselection according
to experience in
efficiency systems
installation

To pre-select the invited bidders on the base of their experience in low
energy building construction process.
To foster the selection of companies with a wide experience and
knowledge in similar energy efficiency systems and installation
procedures/techniques.
To promote multi-party official agreements or equal interlocking
agreements among main contractor and its subcontractors or owner and
key designers and builder in order to verify their reliability.

Dedicated working
team and key
responsible figures
identification

To identify the main working teams in order to define each team
objective/activity, how they have to interact and optimize the effort in
the construction process/team. To appoint a Legal Building Inspector
(LBI) responsible for legal documentation management. This technical
figure should verify that all legal documents have been produced and/or
provided before the construction phase starts. To appoint a Coordinator
for the security and health since the beginning of the construction
works who should provide periodical documents related to the control
performed on site. To appoint the figure of the Mobility Manager
responsible for establishing routes for machinery and vehicles to make
them as efficient as possible.

43

To organize the construction process assigning clear and independent
tasks to the companies working on the building construction, paying
particular attention to minimize the overlapping.
Onsite workers
To create scenarios for stakeholders’ management, applying stakeholder
and stakeholders
mapping (i.e. managing closely the stakeholders with similar powers
mapping towards
and interests, etc.), since taking into account the opinion of the different
construction
workers, it allows the planning of the activities.
process organization
To take into consideration the personal experience of every involved
exploiting their
worker, independently from the role. This could be relevant for the
experience
assignment of the proper worker to the activities. E.g. to operate the
equipment/machinery of construction works by qualified personnel to
ensure its proper use and ensure a preventive maintenance of these.

44

To introduce an Handover Procedure (HP) between Project Manager
Handover Procedure (PM)/Owner and Constructor in order to establish the tests to be
performed for verifying the achievement of targets after the installation
(HP) development
of energy efficiency systems during the construction phase.

45

To use the machinery with sustainable criteria through the following
actions:
• To create the figure of the “mobility responsible” that establishes routes
for machinery and vehicles to make them as efficient as possible.
• To perform movements only when vehicles are full and optimize the
routes so that movements are shorter and their number is reduced as
much as possible.
• To switch off the engines of the vehicles during standby or in the loading
and unloading of material transactions, if the vehicle allows it.
• To preferably use devices with rechargeable batteries
• To clean the equipment immediately after use to avoid the hard deposits
that requires using more water and more aggressive cleaning products.
• To control machinery and equipment of the construction work to reduce
their impact in relation to fuel consumption and/or electricity by the
use of metering.
• To perform a proper maintenance of the machinery and equipment
towards periodic inspections in order to reduce the levels of GHG
emissions, to limit the noise transmitted by this equipment and to
reduce the pollution

Use of construction
machinery/
equipment with
sustainable criteria

#

Recommendation

46

To boost an appropriate site management by the Project Manager (PM)
through constant update of site documentation about material supply,
timing, resources, effort, etc. To carefully monitor the construction
process progress (role of the PM) in order to minimize the risk of incurring
in delivery delays, typically associated to high pecuniary penalty.
To prepare approvals forms procedure for each team at site to be managed
by PM/Owner in order to optimize the team structure increasing the
productivity. To manage the work at construction site taking into account
that the working teams should not be affected by the management
Proper onsite
decisions; the task leaders’ role is to balance the situation.
management setting
To set up a dedicated office at site in case of under pressure work and
up an onsite office
chaotic project deliveries. This office should solve the problems validating
different possibilities and selecting the best one before shifting it to the
implementation phase.
To properly manage troubleshooting directly at demo site when facing
problems that doesn’t match with project design, in order to avoid new
orders of materials and/or delays.
To minimize the onsite variations/deviations because they are usually so
expensive and time consuming that can threat the construction process
finalization.

47

Working
teams efficient
communication

To create appropriate communication channels (phone, mail, etc.)
among working teams for maintaining an efficient communication
data flow. This approach can help also to collect all the stakeholders
concerns during the work execution (e.g. security and safety conditions
during construction works, delay in construction due to suppliers, delay
in construction due to natural hazards and a demonstration site fails)
according to the role of IPD manager.

Working teams
motivation

To promote working teams’ motivation according to each team and
according (if, possible) to the specific person, setting up awards, bonus,
benefits, etc. according to each team objective/activity achieved.
To minimize the staff turnover in order to allow continuity of project
construction phase.

Involvement of a
Control Agent for
contract execution
management and
control

To appoint the person in charge of the Quality Control with the role of
Control Agent for execution and acceptance testing of materials (involved
also for instance for the controls at the certified laboratories for materials
testing). This is essential for controlling the general contractor awarded
with the project works and the price that has offered, which is closed
(with the risk of disproportionate decreases on the original budget that
can make difficult the fulfilment of the conditions and requirements of
the contract).

Training onsite
workers about
energy efficiency
topics

To train construction teams about energy efficiency systems and
technologies in order to put in practice an energy efficient oriented
design in a low energy building construction in order to give them a
better understanding about the reason of not making.
To educate all workers on performance, craftsmanship, etc. Make them
understand of the importance of their contribution for a new low energy
building (reference project: BUILD UP SKILLS).
In particular:
• To perform training to workers on good practices in the use of water. In
particular, to let them know the rate of water per m2 (L/m2) is usually
wasted and how to measure it to avoid water waste.
• To train and inform all construction work staff about the construction
and demolition waste management plan and its obligations in this
regard.
In addition, all workers shall have a health check-up, training and be
made aware of any potential danger on site before they started any
work on site. They should be trained and thus aware of the individual
prevention material they have to use and wear according to the activity
they are involved in. Moreover, all work spaces have to be secured, prior
to any work started.

48

49

50

Description

69

#

51

52

70

Recommendation

Description

Proper installation
of dedicated tanks
for the rain water
collectors

For an appropriate installation of tank for rain collection it is
recommended:
• To verify the tank location in such way to maintain access to the inside
and outside of the tank as well as to use the elevation of the collection
surface and the free power of gravity to collect rainwater and distribute
it. Where feasible, the tank has to be placed near both the water source
and the water destination.
• To guarantee vent of the covered tank in order to prevent a vacuum
from forming in the tank when large quantities of water are quickly
withdrawn. This vent can take the form of a small diameter pipe
perforating the lid and screened to keep out mosquitoes.
• To check the diameter of the tank overflow pipes that shall be equal
to or larger than the diameter of the inflow pipe ensuring that excess
inflow water does not back up in the tank. The tank outflow pipe has
to be installed a minimum of 10 cm above the bottom of the tank for
preventing the sludge that accumulates in the bottom of the tank from
being pulled into the outflow pipe.
• To use closed tanks in order to keep out insects, animals and sunlight.
To prevent the growth of sunlight-dependent algae and bacteria from
contaminating harvested rainwater, tanks can be made of opaque
materials, painted to make them opaque, or buried. To use also covers
to reduce water loss to evaporation. To favour the use of cistern in
concrete since prolonged contact with water with the concrete makes
the water less acidic.
• To empty and clean the inside of the tank before the use of the filtration
installation for using rainwater in the internal pipes because there are
always infiltrations of sludge on site.

Providing
appropriate means
and instructions
to perform a
proper C&D Waste
management

To foresee the required means and information to perform a proper
Construction and Demolition Waste (C&DW) management. In particular:
• To develop a management plan for construction and demolition waste,
reflecting how to carry out the obligations in relation to these residues
that are going to be produced in the construction work and fostering
the recording all the operations carried out, indicating the amount,
nature of the residue, carrier and management enterprise, destination,
means of transport and encoding of the waste (for hazardous waste,
include considerations of existing legislation). The holder of waste,
where not appropriate to manage by itself, and without prejudice to the
requirements of the approved project, is obliged to deliver it to a waste
manager or to participate in a voluntary agreement or cooperation
agreement for its management. The C&DW will be allocated
preferentially, and by this order, to operations of reuse, recycling or
other forms of recovery.
• To train and inform all construction work staff about the construction
and demolition waste management plan and its obligations in this
regard.
• To use compaction machines for bags, films and more in general
packaging in order to reduce the volume of material to be transported
and facilitate their subsequent recycling. To use shredders onsite to
reduce the volume of transported waste and also decrease the volume
of transport.
• To have contracts with carriers and authorized waste managers, for
the removal of waste from the construction work and its proper final
management.
• To check well in advance the presence onsite of hazardous substances
or materials in soil and, if any, organize the transport to dismantling
center. To have a protocol of action against accidents with hazardous
waste, as well as suitable training for their application.
• To have retaining material and waste collection and the required
containers to collect the fractions under appropriate conditions that
prevent the transfer of pollution to other environment.

#
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Recommendation

Description

Fostering of
construction
equipment/
machinery proper
use

To promote construction equipment/machinery proper and responsible
use through:
• The implementation of instructions provided with the equipment to
ensure its proper use and minimize the energy consumption, water and
emissions that can be produced.
• The equipment/machinery cleaning immediately after use to avoid
the hard deposits that requires using more water and more aggressive
cleaning products. To clean the machinery with systems that allow
the saving of water, such as water pressure washing, avoiding as far as
possible the use of hoses. If necessary the use of hoses, ensure that
they have faucet at the inlet and outlet water to avoid the consumption
resulting from having to move from the point of use to the water intake.
To carry out cleaning of equipment and vehicles through pressurized
water equipment and reusing the wash water.
• Periodic inspections and control to the equipment to ensures its optimal
state and avoid high fuels consumption due to damage.

54

To perform movements only when vehicles are full and optimize the
routes so that movements are shorter and their number is reduced as
Optimization of
vehicles movements much as possible.
and use
To switch off the engines of the vehicles during standby or in the loading
and unloading of material transactions, if the vehicle allows it.

55

To pay particular attention to the different teams involved in each
construction phase in order to avoid incompatible overlapping or
Construction teams interferences allowing different teams working in parallel and perform
coordination towards their activities on time delivering high quality work.
efficient decision
To implement an efficient decision making process involving key
making process
stakeholders, taking into account the relevance of the decision to be
taken.

56

To involve the necessary stakeholders (contractors, project team,
management team works, subcontractor, suppliers, service companies,
etc.) in groups according to the stage of the project and involvement in
order to review the Implementation Plan before starting the associated
construction activity.
All stakeholders
To get a common understanding of the project final design among
involvement and
stakeholders in order to minimize further risks for the construction
alignment on the
implementation through the use of BIM visualization/rendering.
Implementation Plan To agree on the common understanding of the design objectives since
consistent information and documentation will be available to all
stakeholders involved in the construction process. To take advantage
of the Quality Control Plan (QCP) for the construction kick-off meetings.
Within the workshop all the stakeholders shall take part to ensure that
each team has clear objective for the construction process.

71

#

Recommendation

57

To perform an appropriate implementation of the building basement
ventilation systems it is specifically recommended:
• To ensure safe unit connections:
• Always disconnecting the unit before making any connections. Failure
in disconnecting power could result in electrical shock or damage of
the control or electronic module inside the unit. Ensure the wires are
securely connected. Disconnect power from the unit before removing
the control faceplate from its mounting plate.
• To implement a simple ductwork plan:
• Implementing a minimum of bends and joints, keeping the length of
Appropriate
the insulated ducts to a minimum. Not using wall cavities as ducts. Not
implementation
ventilating crawl spaces or cold room. Not attempting to recover the
of the building
exhaust air from a dryer or a range hood; this will cause the clogging
basement ventilation
of the unit. Be sure to plan at least one exhaust register on the highest
systems (e.g. earth
lived-in level of the house, if it has 2 floors or more. Never installing
tubes)
a stale air exhaust register in a room where a combustion device
operates, such as a gas water heater, a gas furnace or a fireplace.
When performing duct connections, to use always approved tools and
materials. Making sure the vapour barrier on the insulated ducts does
not tear during installation to avoid condensation within the ducts.
Respecting all corresponding laws and safety regulations as well as
referring to local building code.
• To respect operating temperature limits in basement ventilation
systems (e.g. earth tubes) in order to avoid excessive dryness in the air
causing discomfort for the occupants.

58

Regular verification
of the Safety Plan
compliance

To often verify the compliance with current regulations in terms of
safety and health from the provisions in the project that are approved
and that are included as appendix to the works project and the Safety
Plan prepared by the contractor and approved by the Project Manager
and the Contracting Body. Proper management of these risks requires
the participation of the coordinator of Occupational Safety and Health
and the Director of Execution.
Routine inspections have to take place, in order to find out if there is any
missing precaution regarding health, safety & environment issues.
To pay attention to weather conditions (rain, wind, etc.) towards safe
construction process (i.e. dangerous handling panels with strong wind)

Risk Plan check
implementation

To periodically check the Risk Plan developed within the design phase
and when necessary (e.g. delays in the supply, critical issues due to
unpredictable events, non-standard issues, etc.) implement the provided
Contingency Plan in order to prevent budget cuts upset project plans
as well as lack of funds affecting technical decisions that lengthen the
schedule

60

Joint construction
process control
by owner, key
designers and
builders focusing
management on
critical activities

To foresee a joint control of the construction project phase by the owner
in cooperation with key designers and builders (key documents, mails,
etc).
To focus management on the critical activities that could affect the
overall schedule duration (e.g. to face and solve possible technical errors
found in the building project during its implementation, material errors
detected in the current budget and in the interpretation of undefined
issues, inaccuracies and inconsistencies in the memory of the project or
budget). To formally negotiate and document changes in order to keep
informed all the involved stakeholders also for the changes requested by
the Owner to be included into the book of changes developed within the
design phase.

61

Evaluation of
contractors and
subcontractors
performances
through the specific
platform

To evaluate the performances of the different contractors and
subcontractors through dedicated Activity Evaluation Forms (AEF)
tailored per stakeholder. These forms will be gathered in a platform
aimed at evaluating stakeholders involved in Energy Efficiency field and
creating a network of efficient team working together while increasing
team productivity and commitment. (TripAdvisor concept).

59

72

Description

#

Recommendation

Description

62

Damages
minimization during
transport, unloading
and storage of
materials and
systems

To plan in details the transport of materials and systems (i.e. panels) in
order to avoid damages during the transport, unloading and storage
(i.e. packaging of panels, separators between panels, storage racks,
protections).

63

Protective packaging
To ensure protective packaging structure by dedicated high protection
structure set up
systems to avoid water infiltration during placement or installation and
to avoid water
during the building operation.
infiltration

64

Periodical
implementation
of onsite tests
according to
construction phases

According to the construction phase make sure to implement the
necessary onsite tests. For example:
• To verify the water tightness under the slab in order to avoid the tearing
of the plastic sealing and/or insufficient overlapping bands.
• To perform electrical circuits feeding tests testing light points and
sockets.
• To perform a leak testing of the facilities to evaluate water drainage
(plumbing).
• To check envelope air tightness by using preliminary blow-test after
ceiling but before finishing according to building size and budget
available.
• To perform air tightness tests in two different steps: after window
placement and when the building is finished.
• To perform water test for roofs.

65

Avoid problems due
to opaque envelope
thermal bridges and
condensation in the
long term

To pay extra attention to weak spots (identified in the simulations
performed within the design phase) of the construction regarding moist
and thermal bridges.
Air-tightness have to be ensured at every junction of the façade, roof
and floor to prevent moisture damage, lower energy demand, increase
thermal comfort and promote correct ventilation.
In this framework, the first block of the wall starting from the slab (seating
block) has to be chosen to avoid thermal bridges (Blocks with a good U
value). In case of wood-based structure, this block is also necessary to
avoid humidity in the house structure. External air-tightness joins have to
be placed at every junction between the wood panels of the façade, roof
and floor. Internal air-tightness joins have to be placed at every junction
between walls and floor, walls and windows, walls and roof. In case of
thermal bridges, insulation or thermal breaks have to be added in the
problematic areas.
The construction team should be encouraged to carry on a thermal
test prior to final painting, in order to improve any spot, which is lacking
sufficient insulation. In case of condensation, to ensure that ventilation
and heating can be improved. In addition, cold surface can be insulated,
an anti-mould paint can be used and a dehumidifier can be installed.

66

Optimization of
roofing systems
connections in term
of facility on site

To foresee rain protection to avoid problem for finished visible panels
in case of bad weather conditions. To foresee sealing of horizontal
parts in order to protect flat roof against the rain. To provide a very good
and continuous vapor barrier in the inner part of the roof. To place the
insulation in the interior side of the roof in order to minimize the thickness
of its overtaking.
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67

To implement dedicated solutions to prevent tightness and insulation
problems. For example:
• To use airtight electric boxes in order to avoid air tightness problems of
Appropriate
the ducts.
solutions
• To use ceiling membranes for any drilling outward to avoid air tightness
implementation for
problems of opening drilled outside the envelope.
preventing tightness • To place proper waterproof membranes to ensure water and air
and insulation
tightness of the cables passing through the building envelope.
problems
• To ensure the insulation of exposed pipes to avoid losses of heat along
the pipes of domestic hot water plants.
• To ensure insulation of ventilation systems pipes to avoid risk
condensation of air-intake and discharge towards the outside.

68

Proper planning of
heavy materials,
windows and glazing
surfaces movements

To evaluate in advance the best solutions for the transportation of
heavy materials, windows and glazing surfaces from the ground floor
to the higher floors (i.e. construction of bridge decks at various levels
for unloading materials; usage of a specific machine such as Merlo or
telescopic platform), for the transportation and placement of heavy
materials and windows and glazing surfaces at various levels.

Attention to special
transparent envelope To use special machines, such as telescopic crane with suction cup for
69
components
the transportation and installation of the big glazing surfaces.
installation

70

To pay attention to respect the design of the cooling system in order
Reduced natural
to minimize the architectural consequences of the natural ventilation
ventilation impact on that could affect the façade, the roof/silhouette as well as the interior
building facade and spaces. To frequently control the Variable Air Volume (VAV).
interior spaces
To support natural ventilation by mounting the actuator into windows.
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To evaluate the impact of the installation of products into the building,
including the ancillary materials and processes (e.g. energy). The energy
and related emissions from the construction tools and installation of
ancillary materials should follow EN 15978 “Sustainability of construction
works. Assessment of environmental performance of buildings.
Evaluation of the LCA Calculation method”.
impacts associated To foster the use of auxiliary equipment and machinery for the
to the installation
construction works with high energy efficiency to contribute to energy
of products into the efficiency minimizing LCA impacts.
building
To evaluate also LCA aspects associated to prefabrication of building
products. Pre-processing should be considered in the context of a
complete LCA. The impacts related to their installation (waste, machinery,
etc.) should be included in Construction/Installation process, if possible
whenever data are available from prefabrication manufacturer or
products labels.
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To perform an efficient installation of the opaque envelope, it is
recommended:
• To organize mounting time in an efficient way in order to minimize risks,
such as moist in the wooden construction from rain and mist.
• To check the floor’s bearing capacity, if the passage of machines on the
floor is foreseen, and, where necessary, provide a shoring quote.

73

74

Optimization of
opaque envelope
installation

To install flow control regulators to reduce the flush volumes by up
to 30%. In case of automatic flush systems, the timing of cycles and
volumes, sensitivity of operation should be checked and ensured that
Installation of saving they are appropriate for the designed building’s operating hours.
systems to be used
for basins and toilets To foresee the installation of aerators or flow restrictors to reduce tap
flow rates. Also, flange flow controls could be fitted to wall mounted taps
and shower heads. Installing automatic shut off valves or spring loaded
taps, where the handle is released from stopping the water flow.

#

Recommendation
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74

Airtightness tests
and thermal bridges
check

To encourage and, if possible, make mandatory for construction team
to carry out airtightness tests prior to hand-over the envelope works.
It is also recommended to verify the absence of thermal bridges due
to non-contiguous insulation through visual check during and after the
construction works with thermal camera. To check the floor and roof
insulation as well as the placement of air sealing strips between elements
in order to ensure good junction between frame / wall, wall / slabs, walls
/ roof.

75

Check of existing
pipes and cables
Before the installation of the water lines, existing pipework, studs and
before any water line cables have to be identified.
installation

76

Flexibility of HVAC
systems

To build, if possible, a flexible heating and ventilation system that can
be altered for different use of the building. This way the heating and
ventilation can be adjusted to different usage in the future, i.e. office
space, meeting room etc.
To verify also if HVAC and RES based systems performance are compliant
with specifications
If the construction phase occurs in the wintertime heat pumps and
adsorption dehumidifiers should be used for heating and drying purposes.
To allow enough space for the installations in the equipment room.

77

Appropriate
installation of
cooling systems

In order to perform an appropriate installation of cooling systems it is
specifically recommended:
• To install wind scoops considering that they are ineffective if the wind is
not directed head-on them (typically if the deviation is more than 30°).
To protect the ventilation elements against rain and snow. Snow, ice
and wear & tear can reduce the functionality of omnidirectional wind
scoops. To implement an adequate cross-section area and few blades
for filters and fans to ensure a low pressure drop when operating/not
operating.
• To ensure proper charging of the cooling system, i.e. a system could
have too little or too much refrigerant and the HVAC contractor should
use the manufacturer’s installation procedures to charge the system
properly; in new construction the refrigerant should be weighted in.

78

HVAC fault and BMS
failure detection
systems installation

To install systems for detecting HVAC fault and BMS failure through
real time alert and data driven notification software for abnormal energy
consumption.
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79

In case of Heat Pump (HP) for DHW, it is recommended:
• To check the heat pump size and location for maximizing its efficiency
and performances. If the heat pump is too small or too large, the system
will use more energy than necessary, increasing running costs and
losing efficiency, and heating requirements may not be met.
• To install a mixing valve to minimize the risk of burns or scaling.
• To identify water lines, existing pipework, studs and cables before the
installation. The pipework path has to be installed ensuring a limited
amount of joints and bends as well as a short pipe length, for improving
the HP efficiency (less energy for the compressor to pump refrigerant
around the system). In addition, the pipework must be properly insulated
to minimize heat loss. They have to be clean and moisture-free as well
as sized according to the manufacturer’s requirements. Finally, the
pipelines have to be sloped towards the compressor to allow any oil
that gets into the pipes to drain back to the compressor sump and
they have to be rated for the refrigerant pressure. Good sealing of the
pipes when they pass through the wall and a good insulation to avoid
condensations inside. Heat pump systems must be able to be installed,
operated, serviced and decommissioned without loss of refrigerant
because it can damage the ozone layer and increase the greenhouse
gases.
• The nozzles of the air intake and outlet must always be at least 50cm
Proper installation of
away from in order not to mix with cold air rejected the inlet air.
the selected solution • To control filters in order to avoid malfunctioning of the systems due to
for DHW
obstructions.
• In case of wood fire for DHW, it is recommended:
To check if the location of Wood fire identified during the design fully
satisfies the necessary requirements (e.g. the furnace has to be installed
in a location that best suits wind direction for buildings and neighbouring
residents to determine the acceptable furnace installation distance from
all buildings)
To install shut off valves on all lines attached to the furnace for preventing
loss of water during maintenance and repairs.
To properly insulate the water lines to minimize heat loss. In addition, it has
to be sized according to the distances and for use with high temperature
water and antifreeze. Each water line has to be clearly identified in order
to correctly locate the hot and return lines.
To mount the water circulating pump in the hot supply line several
centimetres below the top of the furnace water level to minimize the lock
problems. In addition, it has to be always horizontal with the ground.
To provide floor passages with sufficient spacing and align them on the
different floors with the chimney and the air inlet pipe in the concrete slab.
With low heat demand of the passive house, the stove must be very low
power and be able to accumulate heat to give the heat back for several
hours. Thus, it would be recommended to provide in the stabilized sand
and isolating ground potential elbows for deflecting the air pipe to be
aligned with the axis of the chimney.
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To implement the selected Building Management System (BMS) to help
stakeholders in the management of the following issues:
• Increase level of comfort and Indoor Environmental Quality (IEQ)
BMS implementation • Individual tenant billing for service facilities
• Remote monitoring and control of the building systems (e.g. fire pumps,
electrical supply, etc.)
• Improve maintenance enabling corrective and predictive actions
• Monitor and optimize energy efficiency

#
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Recommendation

Description

PV panels design
check before
installation

Before the installation of PV panels it is recommended:
• To check design specifications before installation. To verify that
components materials and their arrangements have been correctly
selected for preventing from fire hazards and that PV systems have
been designed for ensuring uniform conditions on the array. To verify
also if PV panels avoid wherever possible shading in order to not impair
performance. In particular, to ensure that PV modules are not shaded
by unwanted obstacles and/or foreign material.
• To select mounting systems able to withstand the uplift (due to
wind) and downwards (e.g. due to snow) forces to which they could
potentially be exposed based on the specific location of the installation.
These external forces and the dead load of the PV systems introduce
structural loading that can affect the structural integrity of the roof. In
addition, substantial loads due to hazardous elements such as wind,
hail, snow, debris and extreme temperatures can lead to the destruction
of rooftops and PV systems.

To properly install PV panels it is recommended:
• To mechanically install the specific components in an appropriate
manner to the local environment. This aspect is highly important in
rooftops installations due to the load forces to which the panels may
be exposed and the potential damage that could occur in case of
mechanical connection failures. Homerun conductors have not to be
connected during the installation for safety reasons.
• To properly ground and bond PV panels during installation process for
safety reasons. To ensure that mounting and grounding components
are tightly secured with no corrosion. To ensure also that no sharp
objects are in contact with the PV module surfaces.
• To properly join cable with the PV components together and as for any
electrical installation they need to be suitable for their environment
and for the loads carried. Thus, where cables are run in areas subject
to heat build-up at the rear of modules, their size will need to be
increased to allow for the higher temperatures. Similarly, if cables are
run where water vapour can enter, e.g. in rain-screen cladding systems,
the cables, cable ways and junction boxes must be suitably selected.
Cables should generally be inaccessible to occupants but accessible to
maintenance personnel. The numerous cables involved obviously need
to be considered carefully to avoid marring the building’s aesthetics
Proper installation of
(PV cable runs need to be integrated with the building design).To
PV panels
ensure that all cables and connector attachments are undamaged and
properly secured
• To ensure proper ventilation to PV panels for removing heat from the
module and increase system performances.
• To ensure visibility or easy accessibility of equipment markings during
and after the installation. Field-applied markings are required for certain
components and for the inclusive PV system. These markings must
be designed to withstand the environment in which they are installed
and permanently affixed to the respective equipment in a manner
appropriate for the environment and compatible with the substrate
materials. To guarantee also visibility of the serial numbers of modulelevel power electronics and mapping them during the installation for
future Operation & Maintenance purposes.
• To ensure that the interconnections of a distributed generation systems
are based on state regulations as well as utility policy and practices.
Clients with grid-connected PV buildings will need to ensure that the
installation will cause no safety hazards and will comply with technical
regulations and recommendations, and that the quality of the power
will be acceptable for export to the grid. There should be a good
match between the building’s energy demand pattern and the energy
available from the PV array.
Proper location of
plant room space
for the PCU (Power
Conditioning Unit)
and associated
equipment for PV
panels

To allot proper plant room space for the PCU (Power Conditioning Unit)
and associated equipment. The plant room needs to be ventilated.
Ideally the plant room has to be as close to the PV array as possible for
ease of routeing and to minimise energy losses in the cables. It generally
includes a PCU, DC switchgear, main AC switchgear as well as the mains
incomer and meters. The PCU is integral to the optimal and safe operation
of the PV installation.
77
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Recommendation

Description

Appropriate fan coil
installation

To perform an appropriate installation of fan coil systems it is specifically
recommended:
• To select fan coils considering that the noise they produce has to be
lower than the limit established by national and European standards. In
some cases, whether attenuations are needed.
• To mainly use rigid duct for ensuring ventilation rate is met, bends
have to be avoided and duct path has to be implemented in such way
to minimize air resistance. Air leakages in pipes’ connections have to
be avoided by using a seal material. In addition, duct path has to be
implemented in such way to minimize leakages. Ducting and fans for
unheated spaces or heated spaces that are carrying cold air have to be
insulated for preventing condensation and improving system efficiency.
To be sure to duct air outside.
• To effectively insulate the heat recovery unit. If the unit is not preinsulated, additional insulation has to be installed around the unit to
minimise heat loss. The heat recovery unit has to be fixed to a stable
element of the building fabric (wall or floor).

Appropriate
installation of
handling unit with
heat recovery

To perform an appropriate installation of handling unit with heat recovery
it is specifically recommended:
• To perform the installation of handling unit with heat recovery in
accordance with the applicable codes and standards.
• To not install in a cooking area or connect directly to any appliances.
• To not use to exhaust hazardous or explosive materials and vapors.
• To not run any air ducts directly above or close to any furnace or its
supply plenum, boiler or other heat producing appliance.
• To keep in mind to turn off the unit during construction or renovation
to avoid premature clogged filters and to disconnect power cord from
electrical outlet before servicing or cleaning the units.
• To wear safety glasses and gloves when performing installation,
servicing or cleaning of these units.
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Heat pump systems must be installed, operated, serviced and
decommissioned with minimum loss of refrigerant because it can
damage the ozone layer and increase the greenhouse gases. To this aim,
it is recommended:
• To guarantee proper pipe connection installation. The pipe is connected
Guarantee proper
via a terminal-branch type connection in which refrigerant piping from
installation of high
the outdoor unit is branched at the terminal and is connected to each
efficiency heat pump
of the indoor units. The method of pipe connection is as follows: flare
connection for the indoor units, gas pipes and liquid pipes for outdoor
units, brazed connection. Note that the branched sections are brazed.
• To check if all the used structures for the outdoor heat pump units’
installation, including the temporary ones, can support the foreseen
loads.
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To perform an appropriate installation of indoor air conditioning unit it is
specifically recommended:
• To use the installation template (top of the package) and the gauge
(supplied as an accessory with the grille) to make an opening in the
ceiling so that the main unit can be installed. A fresh air intake hole for
Appropriate
the optional multi-function casement can be made; the ceiling work
installation of indoor
differs according to the construction of the building. To consult building
air conditioning unit
constructors and interior decorators for details.
• To use copper pipes when commercially available, wrap liquid and gas
pipes with commercially available insulation materials (heat-resistant
to 100 °C or more, thickness of 12 mm or more).
• To test the pipe connections for gas leakage with nitrogen gas after
connecting the refrigerant piping to the indoor unit.
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Installation of control
To install systems of controls for monitoring Indoor Environmental
systems for IEQ
Quality (IEQ).
monitoring

#

Recommendation

Description

89

To install dedicated measurement equipment to monitor the
consumption of the different subsystems (HVAC, lighting, lifts, water
pumps, etc.) independently and renewable energies production. A
Installation of
SCADA system should be developed to collect all the measurements
measurement
and enable users’ interaction with the energy resources (wind, FV) and
equipment to
ambience. Lighting will be controlled by means of DALI system. Proofs
monitor the
will be used to monitor temperature and CO2 to achieve user’s comfort.
consumption of the
To foresee advanced ICT system which, in an entirely new way, will help
different subsystems
people to keep track of appliances and activities that use most electricity
in a household. It will also have an easy-to-use indoor-climate demand
control system.
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Provision of the "As
To provide the “as built” building model to the owner for the operation
built" building model
and maintenance phase.
to the owner
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BIM model
integration into the
Building Operation
System (BOS)

To integrate the BIM model into the Building Operation System. The BIM
model could also be used to compare actual to planned performance
(cost, energy, etc.). This is essential in case the BIM model won’t be used
during operational phase.
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“Lesson learnt” from
BIM application

To be more aware and conscious about the way BIM works in each project
and extract lesson learned that will be useful for further implementation.

93

Mandatory delivery
of a unique
handbook for
Owner/End Users
(User Manual)

To collect all the building energy systems specifications in an unique
handbook (User Manual) for Owner/End Users towards a proper
Operation and Maintenance (O&M) of the building. The User manual
should contain all the explanations for O&M requirements of the building.
A monitoring program of the experimental parts of the system should be
provided to the Owner/User.
The User manual should:
• Specify systems that can be properly maintained by the owner, based
on the owner’s stated resources.
• Provide as part of construction, contract system interfaces to allow
personnel to easily monitor and adjust system parameters.
• Make systems control, operation, and maintenance training part of the
construction contract.
• Include complete documentation regarding operation and maintenance
of all equipment and controls systems as part of the construction
contract.
• Establish a written, comprehensive operation and maintenance
program, based on the requirements of the facility, equipment, and
systems installed.

94

Careful
commissioning
of the HVAC
systems through
a comprehensive
commissioning
program

To keep particular attention when commissioning the HVAC. Commercial
HVAC systems do not always work as expected. Problems can be caused
by a not accurate HVAC system design or because equipment and
controls are improperly connected or installed. Commissioning involves
HVAC systems testing under all aspects of operation, revealing and
correcting problems, and ensuring that everything works as intended.
A comprehensive commissioning program will also ensure that Users
during Operations and Maintenance (O&M) are properly trained in the
functioning of all systems.
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4. OPERATION & MAINTENANCE PHASE
A. Definition and establishment of the Energy Efficiency Team
B. Organization of the Operation & Maintenance Kick Off meeting for
implementing NEED4B methodology
C. Evaluation of the Optimization Mechanism for the Operation &
Maintenance Phase
D. Implementation of the Prioritization Mechanism for the Operation &
Maintenance Phase

80

4.1 Optimization Mechanism for the Operation & Maintenance
phase
The Optimization Mechanism for the Operation & Maintenance Phase is a work instrument
that integrates different strategies and approaches towards the Operation & Maintenance
of new low energy buildings.
The Optimization Mechanism for the Operation & Maintenance Phase enables the NEED4B
methodology’s users, namely the Energy Efficiency Team, to understand what has to be
taken into account and when, during the operation and maintenance of new low energy
buildings.
• The “what has to be taken into account” is provided in terms of recommendations,
dealing both with innovative approaches (namely IPD, BIM, LCA-LCC) and scientific
criteria (Technical, Energetic, Economic/bureaucratic) and having a Level of Details
(LoDs) so that can be replicable and applicable to all kind of buildings in EU.
• The “when has to be taken into account” is provided leveraging on a dedicated time
scheduling related to the Operation & Maintenance Phase and compliant with the
different time scheduling of the included methodologies and approaches phases.
The integrated version of the Optimization Mechanism provides a unique Gantt Chart
where the recommendations have been optimized, refined and reduced in number as
well as integrated together, in order to be more manageable. Per each recommendation
a detailed description is provided in a dedicated booklet (available in Paragraph 4.2.1)
and the related timing to apply it.
The EET may have a clear overview of the all recommendations to be implemented and
on the timing to implement them, whether cluster they are allowing to. Moreover, the list
of the specific stakeholders involved in each Operation & Maintenance phase as well as
in the development of the needed documents to be delivered is also provided.
Added value of the Optimization Mechanism:
• Integration of different innovative methodologies
• Recommendations properly clustered according to different approaches and criteria
• Relationship among recommendations (links)
• Relationship between what and when
• Stakeholders involved in the Operation & Maintenance phase
• Documentations needed from whom and with the support of whom

Process:
By positioning in a specific point of the Operation and Maintenance Phase, the user will be able
to extract the related recommendations for the single innovative approach/criteria in order
to take them into account in the right moment within the design process and go into further
details if necessary, thanks to the document developed within the project.
The Optimization Mechanism may be used in two ways:
• Front side scheme: to have a global overview of the recommendations, properly grouped
together according to main topics, in order to be always effective and useful but also
more manageable. In this case, recommendations are ordered according to their time
scheduling mainly in order to provide a unique synthetic instrument to the user to be
consulted according to the specific phase ongoing
• Rear side schemes: to have an overview of the single cluster of recommendations
developed, related to innovative approaches, in terms of Integrated Project Delivery (IPD),
Building Information Modeling (BIM), Life Cycle Analysis (LCA), Life Cycle Cost (LCC) and
scientific criteria, in terms of Technical, Energetic and Economic/bureaucratic criteria.
As already mentioned, per each recommendation, a more detailed description is available
within the booklet for the Operation and Maintenance Phase, reported at Paragraph 4.2.1.
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WƌŽǀŝƐŝŽŶƚŽŽĐĐƵƉĂŶƚƐŽĨĂĚĞĚŝĐĂƚĞĚƵƐĞƌƐ͛ŐƵŝĚĞĨŽƌ
ŽƉƚŝŵŝǌŝŶŐƚŚĞŝƌďĞŚĂǀŝŽƌŝŶƚĞƌŵƐŽĨĞŶĞƌŐǇƉĞƌĨŽƌŵĂŶĐĞ
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20SS



KĐĐƵƉĂŶƚŶǀŝƌŽŶŵĞŶƚĂůŽŵŵƵŶŝĐĂƚŝŽŶWƌŽŐƌĂŵ
ĚĞǀĞůŽƉŵĞŶƚƚŽĨŽƐƚĞƌƵƐĞƌƐĐŽůůĂďŽƌĂƚŝŽŶƚŽǁĂƌĚƐ
ŝŵƉƌŽǀĞŵĞŶƚĂŶĚŵĂŝŶƚĞŶĂŶĐĞŽĨĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇ

ϭ^^



&ŽƌŵĂůŝǌĂƚŝŽŶŽĨďƵŝůĚŝŶŐŽǁŶĞƌĂŶĚƚĞŶĂŶƚƐƐŚĂƌĞĚ
ƌĞƐƉŽŶƐŝďŝůŝƚŝĞƐ



/ĚĞŶƚŝĨŝĐĂƚŝŽŶŽĨĂƉĞƌƐŽŶŝŶĐŚĂƌŐĞŽĨŐĂƚŚĞƌŝŶŐŽĐĐƵƉĂŶƚƐ͛ Ϯ^^
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dŽŝŵƉůĞŵĞŶƚƐƉĞĐŝĨŝĐĞŶĞƌŐǇŵĂŶĂŐĞŵĞŶƚƉŽůŝĐŝĞƐĨŽƐƚĞƌŝŶŐ Ϯ&&͖ϯ^^
ƚŚĞĐŽůůĂďŽƌĂƚŝŽŶǁŝƚŚďƵŝůĚŝŶŐƵƐĞƌƐ


18

DŽƌĞŝŶĨŽƌŵĂƚŝŽŶĂďŽƵƚƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂůĂĚǀĂŶƚĂŐĞƐŽĨ
ĂĐƋƵŝƌŝŶŐĂƐƵƐƚĂŝŶĂďůĞďƵŝůĚŝŶŐƐ

19


'ƵĂƌĂŶƚĞĞĂŐŽŽĚĐŽŵŵƵŶŝĐĂƚŝŽŶĂŵŽŶŐƐƚĂŬĞŚŽůĚĞƌƐ
ŝŶǀŽůǀĞĚŝŶƚŚĞKƉĞƌĂƚŝŽŶΘDĂŝŶƚĞŶĂŶĐĞ

20


ZĞƉŽƌƚĚĞĨĞĐƚƐŽƌƉƌŽďůĞŵƐ

ϴ^^
19SS
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8

EϰDŽŶŝƚŽƌŝŶŐĂŶĚŽŶƚƌŽůWůĂŶĨŝŶĞͲƚƵŶŝŶŐĂĐĐŽƌĚŝŶŐ
ƚŽďƵŝůĚŝŶŐĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ

9

WĞƌŝŽĚŝĐĂůĞŶĞƌŐǇĐŽŶƐƵŵƉƚŝŽŶŵŽŶŝƚŽƌŝŶŐƚŽǁĂƌĚƐŝƚƐ
ƌĞĚƵĐƚŝŽŶĂŶĚƵƐĞƌƐƐĂƚŝƐĨĂĐƚŝŽŶ

ϭ^^
8SS


10

WƌĞǀĞŶƚŝǀĞDĂŝŶƚĞŶĂŶĐĞWůĂŶĚĞǀĞůŽƉŵĞŶƚ͕ŝŶĐůƵĚŝŶŐ
ĞŶǀĞůŽƉĞ͕ƉůƵŵďŝŶŐ͕ĞůĞĐƚƌŝĐĂůĂŶĚŚĞĂƚŝŶŐƐǇƐƚĞŵƐ

Ϯ^^
9SS


11

,ĂǌĂƌĚŽƵƐƵŝůĚŝŶŐDĂƚĞƌŝĂůƐDĂŶĂŐĞŵĞŶƚWƌŽŐƌĂŵ
ĚĞǀĞůŽƉŵĞŶƚĂŶĚŝŵƉůĞŵĞŶƚĂƚŝŽŶ


12

'ƌĞĞŶůĞĂŶŝŶŐWƌŽŐƌĂŵĚĞǀĞůŽƉŵĞŶƚ


13

tĂƐƚĞƐĞƉĂƌĂƚŝŽŶWƌŽŐƌĂŵĚĞǀĞůŽƉŵĞŶƚ


25

/ŵƉƌŽǀĞŵĞŶƚƐƚŽŽŵĞƐƚŝĐ,ŽƚtĂƚĞƌ;,tͿƐǇƐƚĞŵƐ
ŽƉĞƌĂƚŝŽŶƚŽǁĂƌĚƐĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇ


26

/ŵƉƌŽǀĞŵĞŶƚƐƚŽůŝŐŚƚŝŶŐƐǇƐƚĞŵƐŽƉĞƌĂƚŝŽŶƚŽǁĂƌĚƐĞŶĞƌŐǇ ϯ^^
10SS
ĞĨĨŝĐŝĞŶĐǇ


27

ŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇŝŵƉƌŽǀĞŵĞŶƚƐƚŽ,sƐǇƐƚĞŵƐŽƉĞƌĂƚŝŽŶ ϯ^^
10SS
ƚŽǁĂƌĚƐĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇ
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28

ĚƵĐĂƚŝŽŶĂŶĚĂǁĂƌĞŶĞƐƐƌŝƐĞƚŽƐĞƚĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇ
ƉŽůŝĐŝĞƐĂŶĚƉƌŽĐĞĚƵƌĞƐ


29

hƐĞŽĨďƵŝůĚŝŶŐĂƵƚŽŵĂƚŝŽŶĐŽŶƚƌŽůƐǇƐƚĞŵƐĂĐĐŽƌĚŝŶŐƚŽ
ƵƐĞƌƐŽĐĐƵƉĂŶĐǇƉĂƚƚĞƌŶƐ

28SS
ϭ^^

30


WƌŽƉĞƌĞŶŐĂŐĞŵĞŶƚŽĨĚǀĂŶĐĞĚDĞƚĞƌŝŶŐ/ŶĨƌĂƐƚƌƵĐƚƵƌĞ
ǁŝƚŚƵƐĞƌͲĨƌŝĞŶĚůǇŝŶƚĞƌĨĂĐĞ

Ϯ^^
29SS


31

WƌŽƉĞƌďƵŝůĚŝŶŐƚĞŵƉĞƌĂƚƵƌĞƐĞƚͲƵƉďǇďƵŝůĚŝŶŐƵƐĞƌƐ

ϭ^^͖Ϯ^^
28SS;29SS

32


WƌŽƉĞƌǀĞŶƚŝůĂƚŝŽŶƐĞƚͲƵƉďǇďƵŝůĚŝŶŐƵƐĞƌƐ

ϭ^^͖Ϯ^^
28SS;29SS


33

hƐĞĂƉƉƌŽƉƌŝĂƚĞůŝŐŚƚŝŶŐĐŽŶƚƌŽůƐ

Ϯ^^
29SS


34

>ŽǁĞŶĞƌŐǇĞƋƵŝƉŵĞŶƚǁŝƚŚĞŶĞƌŐǇůĂďĞůƐĂŶĚƐŵĂƌƚĐŽŶƚƌŽů
ƚĞĐŚŶŽůŽŐǇ

38


ŶĂůǇƐŝƐŽĨƚŚĞĞŶĞƌŐǇĐŽŶƐƵŵƉƚŝŽŶĚĂƚĂŝŶŽƌĚĞƌƚŽƚĂŬĞ
ƐƚĞƉƐĨŽƌŽƉƚŝŵŝǌĂƚŝŽŶĂĐĐŽƌĚŝŶŐůǇ


39

ŶĞƌŐǇƵĚŝƚĂŶĚŶĞƌŐǇDĂŶĂŐĞŵĞŶƚWůĂŶĚĞǀĞůŽƉŵĞŶƚ

40
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4.1.1

List of stakeholders involvement for the Operation and
Maintenance phase

An overview of the main stakeholders involved in the Operation and Maintenance Phase and
of the related documents to be provided is reported in Figure below. According to the above
specified roles, duties as well as skills and competencies, each stakeholder shall be involved in
the development of specific documents associated to the project Operation and Maintenance
(the official responsible for each document is highlighted by the “bold” symbol).
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The role of each stakeholder is then synthetized in the box below in order to give a glance
of the main responsibilities and duties in charge to each of them within the Operation and
Maintenance phase. It is worth to be mentioned that the EET, defined at the beginning of the
design phase, shall be constituted by the same stakeholders. Nevertheless, stakeholders may
also vary according to the need and to the project.
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•

Building Owner - User - Investor is/are the proprietor of the building to be constructed and/or
the person/people who will occupy the building living/working there and/or who is allocating
capitals to finance the project. At the beginning of the project they have to appoint a Project
Manager that will represent them during the project life and with his/her support the main
project requirements in terms of costs, performances, quality, aestetics, time, etc are indentified.

•

The Building Owner has the most influence for ensuring that building operates sustainably
and has the potential to motivate and empower all Stakeholders to deliver efficiencies
through best practice operation and maintenance. This includes responsibility for establishing
environmental and maintenance policies and strategies for the building and ensuring adequate
resources are made available. Moreover, the Building Owner has ultimate responsibility for
legal and compliance issues for the building. In fulfilling all the aforementioned duties, the
Building Owner must take account of the Building Occupants requirements and aspirations.
It is important for Building Owners to appreciate that any additional costs associated with
high efficiency maintenance are investments which deliver returns through reduced long term
operating costs, occupant satisfaction and better retention of asset value.

•

Building users/occupants have an important role in helping to define a buildings ecological
footprint. They can make an important contribution to efficient building operation by pushing for
performance enhancements in the buildings they occupy, in order to make them environmentally
friendly. In this sense, they may act stimulating other Stakeholders such as Building Owners
and Building Managers to take action towards achieving energy efficiencies.

•

Building occupants shall for example ensure that the equipment they operate is efficient, staff
behavioural patterns do not affect the efficiency of HVAC Systems and that work carried out
during tenancy fit-outs do not affect the performance of base building services.

•

Project Manager is an architect/engineer, appointed by the Building Owner-User-Investor,
responsible for the whole project development on behalf of them. He/she takes care of all the
various aspects coordinating the different stakeholders to progress with the project activities
and he/she is the only interface with the Building Owner-User-Investor for the whole project
life.

•

MEP designer (Mechanical, Electrical and Plumbing designer), known also as HVAC designer, is
an engineer responsible for the development of the disciplines needed to build safe, working
structures for human use and occupation. In particular:
•

For the mechanical part, also known as HVAC, he/she is responsible for the design, installation
and maintenance of air conditioning, heating and ventilation, meaning changing filters and
installing furnaces, along with air conditioners. When necessary, he/she also handles tasks
such as smoke control and exhaust.

•

For the electrical part, he/she is responsible not only for providing power to all outlets and
appliances but also for lighting, switches, fire alarms, security systems, as well as lightning
protection when necessary.

•

For the plumbing part, he/she is responsible not only for the delivery of water and the draining
of waste water but also of handling fire suppression systems and storm pipe systems, as well
as gas delivery systems.



Modern technologies for building require a great deal of energy and water, along with
sophisticated and secure methods of delivery. Large buildings also require substantial
ventilation and other environmental controls, as well as safety precautions for their larger
populations and larger distances from exits. All the above mentioned aspects are under MEP
designer responsibility.

•

Structural Engineer is responsible for the development of the structural design of the new
building, starting from the architectural design performed by the Architects, taking into

particular consideration the requirements identified by the Building Owner-User-Investor with
the support of the Project Manager.
•

Consultants (e.g. acoustic engineer, geologist) are professional profiles with a specific expertise
and knowledge in a particular technical field (e.g. acoustic engineer, geologist, etc). They can
be involved in the project usually for a limited time to take care of peculiar aspects or to solve
specific problems.

•

Technology Providers – Suppliers are companies or other entities that develops, manufactures
and/or sells specific products/components/materials to be implemented in the building for
fulfilling the project requirements (e.g. providers of heating & cooling plants, solar collectors,
pv panels, etc.)

•

BIM Manager is an Architect/Engineer/designer, with specific expertise in Building Information
Modeling, responsible for the process of generation and management of digital representations
of physical and functional characteristics of the new building project. The BIM Managers can
leverage on commercial softwares to perform his/her task and such tools can be used at the
same time by the main stakeholders who plan, design, construct, operate and maintain the new
building facilitating an holistic management of the project.

•

LCA/LCC responsible is usually a designer (architect/engineer) trained towards an easy
implementation of the LCA/LCC analysis in buildings design.

•

Building Energy Manager takes care of the overall building energy management towards the
achievement of the energy targets and/or certifications such as passive house certification,
etc.

•

Building Manager (BM), that may be also the Building Owner, is usually responsible for Building
Maintenance. The BM has to implement the maintenance and environmental policies and
strategies set by the Building Owner, in accordance with the allocated resources. Moreover,
the BM shall lead the process for implementing changes that deliver energy efficiencies. In
some larger properties or property portfolios, the BM may be assisted by the Energy Manager,
whose main task is to set up benchmarks and Key Performance Indicators (KPIs) that can be
used for setting up targets and monitoring the effectiveness of any sustainability measures
implemented.



Maintenance & Service providers

•

Energy or Maintenance Auditors may be commissioned by the Building Manager or the Building
Owner to carry out energy audits on buildings and/or to assess the effectiveness of the service
provided by Maintenance Contractors. Maintenance audits may also be requested by Building
Occupants, who want assurance that the Building Owner is maintaining the central services in
a safe and efficient manner, in accordance with lease conditions.



Energy and Maintenance auditors prepare comprehensive maintenance specification for
buildings which are necessary to have a good knowledge of how the building must operate in
order to meet the requirements of the Building Owner and the Occupants.

•

Design Engineers are engaged by the Building Owner and have responsibility for evaluating
HVAC System requirements in accordance with the design brief, performing design calculations
and issuing drawings and specifications to be used for installation, commissioning and
maintenance during the defects liability period. The Design Engineer must develop solutions
offering best value for money, ensuring HVAC Systems to be operated and maintained in a
manner that delivers energy and water savings,



The Design Engineer has a major impact on the level of commissioning that is specified and
achieved, therefore he/she must give attention to the correct specification of commissioning
and building tuning requirements, building user guides, operating and maintenance manuals,
energy smart controls strategies, monitoring and verification systems together with the necessary
sub metering systems – which all have a significant impact on achieving the full environmental
potential of a building. When working on designs for new buildings and replacement of existing
HVAC equipment, the Design Engineer needs to play an active part towards ensuring that new
systems have inherent features that enhance efficiency and are ‘maintainable’.

•

Controls and Commissioning Specialists are practitioners in charge of equipment installation
and maintenance procedures therefore they can give an important contribution towards the
delivery of high building performance.
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4.1.2

List of the Operation and Maintenance phase documents to
be delivered

Preventive
Maintenance
Plan

90

It is necessary to undertake preventative maintenance in order to maintain optimal
performance of the building’s mechanical, electrical, and ventilation systems
and their components. The building systems require periodic maintenance
throughout their life cycle in addition to the need for overhauling, modernization, or
replacement, at certain age or intervals, or due to specific issues or causes. These
shall be outlined specifically in a Preventative Maintenance Plan. The Preventative
Maintenance Plan shall outline when preventative and corrective maintenance
is required to be performed on the building’s equipment. Demonstration of
implementation shall also be required. The Plan shall be periodically updated (e.g.
every 5 years).
The Preventative Maintenance Plan shall include the following:
1. An inventory of which system or component must be reviewed and the type
of action that is required (e.g., by room or by equipment type);
2. Guidelines on how frequently these actions must be taken (e.g., monthly,
quarterly, yearly, etc.). These guidelines should be based on standards such as
manufacturer specifications, code requirements and industry best practices;
3. Documentation that these actions have been taken (e.g., via signature and
date);
4. Confirmation that follow-up action has been taken when warranted; and
5. Record updates as new equipment is added or removed.
In particular, concerning type of actions for maintenance, below some proposals
are provided respectively for envelope, plumbing, electrical and heating systems.
To perform preventive maintenance to the windows and doors, for example by
undertaking the following actions:
• Keep all wooden parts freshly painted
• Check putty and replace as needed
• Lubricate all hinge and lock mechanisms frequently, especially in wet or cold
weather
• Check latches and locks, and repair and replace immediately
• Installing felt or vinyl gasket weather-stripping on windows and doors. (Weatherstripping is not effective if windows are in very poor condition. In that case, cover
your entire windows with clear plastic.)
• Using butyl or silicone-latex caulk around window frames, to keep cold air from
coming in.
• Adding door sweeps at the bottoms of doors, to prevent drafts.
• Installing clear plastic storm windows (mounted inside) during the winter months.
• Etc.
To perform preventive maintenance to the building roof, for example by undertaking
the following actions:
• Clean drains and keep them clear
• Replace or repair loose or missing coping stones
• Check for cracks or blisters in the roofing, and repair as needed
• Sweep off any standing water after rain.
• Etc.

Preventive
Maintenance
Plan

To perform preventive maintenance to the building plumbing, for example by
undertaking the following actions:
• Repair leaky faucets as they’re reported
• Check for plumbing leaks and repair immediately
• Clean out sink traps and building trap (in basement) if draining is slow
• Etc.
To perform preventive maintenance to the electrical systems, for example by
undertaking the following actions:
• Check operation of appliances and lighting
• Inspect tenant wiring periodically and eliminate any fire hazards
• Make sure there is easy access to meter and switches
• If your building has fuses rather than circuit breakers, replace fuses if needed and
keep a good supply available
• Make sure that correct amperage fuses are being used
• Keep meters clean as well-lit
• Make sure that cables and conduits are firmly attached to walls or beams, and
that nothing is hanging from them
• Etc.
To perform preventive maintenance to exterior walls, for example by undertaking
the following actions:
• Maintain gutters and down spouts to keep water off exterior walls
• Check condition of mortar between bricks, and repair as needed
• Check condition of caulking and weather seal around windows, doors and
skylights, and repair as needed
• Etc.
To perform preventive maintenance to heating systems, for example by undertaking
the following actions:
• Check fuel and water level of boiler
• Keep boiler room neat and clean
• Clean or replace the boiler’s oil filter whenever you get a fuel delivery during the
heating season
• Drain the heating risers annually (just prior to the heating season begins)
• Have the thermostat (heat timer) recalibrated annually
• Check the low water shut-off valve for proper operation
• Etc.

Energy
Management
Plan

The Energy Management Plan shall identify and document building-specific
measures to improve energy efficiency and reduce demand. These measures
should be based on a clearly defined performance target (using quantifiable
performance indicators), identified through an energy audit or the operational staff.
All actions shall be evaluated for their technical feasibility and expected results
(estimated energy savings and pre-feasibility study) as well as financial feasibility
(through an economic cost/benefit analysis such as simple payback or ROI). These
actions mush be integrated into a timeline. Thus, The Energy Management Plan
shall contain the following elements:
• Analysis of energy consumption through monthly utility bill review and
benchmarking. For benchmarking purposes utility bills shall cover a minimum
of 12 months of continuous data. If major renovations or retrofits to the building
systems have occurred, use data after the time of major renovation, if possible.
Major renovations include upgrades to mechanical systems, upgrades to building
envelope systems and electric system upgrades including procurement of new
lighting for more than 50% of the building’s lighting fixtures.
• List major energy-consuming equipment.
• Prioritized list of proposed low-cost and no cost Energy Conserving Measures
(ECMs) to enable greater energy efficiency.
• Provision of estimates of financial savings the building owner will realize as a result
of investing in ECMs. At a minimum, savings and cost estimates should be based
on a generalized understanding of the systems. Data used for this assessment
must represent complete building data for all building spaces and uses.
• The Plan shall be periodically updated.
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Water
Management
Plan

The Water Management Plan shall identify and document building-specific
measures to improve water efficiency and reduce demand. These measures should
be based on a clearly defined performance target (using quantifiable performance
indicators), identified through the water assessment or the operational staff.
All actions shall be evaluated for their technical feasibility and expected results
(estimated water savings and pre-feasibility study) as well as financial feasibility
(through an economic cost/benefit analysis such as simple payback or ROI). These
actions shall be integrated into a timeline.
Thus, the Water Management Plan shall contain the following elements:
• Analysis of water consumption through monthly utility bill analysis and
benchmarking. For benchmarking purposes utility bills must cover a minimum of
12 months of continuous data.
• Assessment and list of current performance of water-consuming equipment.
• Prioritized list of proposed water conserving measures (WCM’s) to enable greater
water efficiency.
• Provision of estimates of financial savings the building owner will realize as a
result of investing in WCMs s and the simple payback period.

The Air Quality Monitoring Plan must contain the following elements:
• Determine and state the IAQ goals for the building including targets for air quality
parameters such as carbon dioxide, carbon monoxide, temperature, relative
humidity, dust, volatile organic compounds and other known contaminants of
concern.
• Set a schedule for HVAC inspection and maintenance tasks to ensure good
hygiene (cleanliness, no standing water, etc.).
• Identify HVAC systems that will impact the IAQ goals listed above.
• Create a preventative maintenance schedule for these systems (may overlap with
the Preventative Maintenance Program BEST Practice). Equipment and systems
should be checked at least annually.
Air Quality
Develop procedures for responding to occupant IAQ concerns, including
•
Monitoring Plan
identifying key personnel and their responsibilities, contact information,
documentation, and follow-up plan (may overlap with Occupant Service Request
Program BEST Practice).
• Identify training requirements for property management and building
maintenance staff relating to IAQ.
• Review the plan annually and update as necessary.
• Where ventilation systems are owned and maintained by the tenants, the building
owner/manager must provide an Indoor Air Quality Monitoring Plan for their use.
Although demonstration of implementation is preferable, it is not necessary. The
plan can be common to a portfolio or campus of buildings however buildingspecific information is required.

The Hazardous
Building
Materials
Management
Program
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The Hazardous Building Materials Management Program must include:
• Inventory of all building materials known or presumed to contain asbestos, lead,
PCBs, silica and mercury (at a minimum);
• Inspection of known/presumed asbestos-containing materials within the past 12
months, where present;
• Inspection of materials known/presumed to contain lead, mercury, PCBs or other
hazardous building materials or equipment within the last three (3) years, where
present;
• Corrective actions identified during the inspections completed;
• Management protocols for unexpected disturbance of asbestos;
• Pre-construction assessment of materials and equipment impacted by renovation
activities for the presence of hazardous building materials;
• A proactive plan for the abatement of accessible asbestos-containing materials
(including in the areas above acoustic tiles) and PCB-containing equipment and
ballasts;
• Awareness training for building maintenance staff on asbestos safety; and
• Review and updating as changes occur to the location of hazardous materials in
the building, at a minimum every three (3) years.
As with any management program, one should strive for continuous improvement.
Review of the management program must occur as changes to the responsibilities,
personnel, plans, quantity or condition of the materials occur.

The Green
Cleaning
Program

The Green Cleaning Program shall include the following components:
• Standard operating procedures (SOP) for cleaning activities.
• Cleaning products certified by a third party.
• Cleaning logs (describing the activities carried out, the times they were carried
out and by whom).
• Training for building cleaning staff.
• Annual review and updating.
Cleaning product must be certified by a third-party (EcoLogo or Green Seal) to
reduce both occupant and building cleaning staff exposure.
Where custodial services are contracted, communicate custodial goals and green
cleaning initiatives to the contracted company. The contracted company must
provide the building owner/manager with detailed maintenance SOPs. Confirm the
contracted company is meeting these objectives through detailed cleaning logs
supplied by the contractor. In the case where cleaning is performed exclusively
by individual tenants, the building owner or manager must provide tenants with
suggested guidelines with a guidance document regarding developing a Green
Cleaning Program for the building that meets the requirements listed above.

Waste
Separation
Program

The Waste Separation Program must consist of the following components:
• Facilities that are adequately sized for the collection, handling and storage of
source-separated wastes. The collection and storage of the various materials
destined for recycling may be co-mingled based on the requirements of the
local markets as long as they are always kept separate from waste destined for
disposal and as long as the separation is done at a Materials Recycling Facility
and not at a transfer station.
• The provision of information and guidance to users (e.g., signs), potential users
and custodial staff describing the expectations of the program and encouraging
effective source separation of waste to minimize contamination and to ensure full
use of the program.
• Measures to ensure that the source-separated collected wastes are removed by
a licensed service provider and taken to destination sites designed for the proper
processing and/or disposal of each material category (reports from the service
provider should transparently demonstrate this).
• Reasonable efforts are made to ensure that the separated waste is reused or
recycled.

Building management must have in place an Occupant Environmental
Communication Program for communicating with tenants and building staff on
environmental issues specific to the building. Components of this Program must
have been implemented within the past 12 months. The key aspects of effective
communication are: frequency, accuracy, comprehensiveness and inclusiveness.
To ensure that building occupants work together with building management
to achieve environmental goals, regular communication must be executed. As
such, the Program must clearly outline communication strategies, activities,
responsibilities and timelines for implementation. The following communication
framework must be evident:
Occupant
• Communication strategies: clearly describe the communication strategies that
Environmental
will be used with tenants/occupants.
Communication • Activities: clearly describe the activities/events that will be communicated to
Program
occupants (e.g., Earth Day event or energy awareness campaigns with “turn off
your monitor” stickers).
• Responsibilities: clearly describe who will be responsible for each aspect of the
Occupant Sustainability Communications Program.
• Timeline for implementation: clearly describe the timeline for implementation of
all activities, events, and strategies put in place in the context of the Occupant
Sustainability Communications Program.
The communication program must also include specific initiatives to effectively
engage tenants and building staff around environmental/sustainability issues,
and encourage them to work with building management to drive performance
improvements in the building.
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Record BIM
model

While the 3D As-Built Model, provided at the end of the construction phase, is
a combination of 3D models from various project disciplines that when merged
together represents an accurate picture of the constructed facility and its assets,
the Record Model is a step further; as a 3D As-Built Model that has information
embedded into the model geometry such as warranty, Ownership & Maintenance
manuals, training videos, etc. It is the pinnacle of Building INFORMATION Model.
When you turn the model into an Record Model for delivery to the owner, all the
document and models sizes merge possible creating a 75 MB or more file size,
including: O&M Manuals, Tutorial Videos (avi files), Website, Hyperlinks to Building
Automation System, Floor Plans, Space Functions, Classified Areas, Area & Volume
Calculations, Engineering Calculations, Specifications, Contract Documents,
Legal Description, Change Orders, Litigation Documentation, Shop Drawings,
Procurement Documents, Progress Photographs, Alarm Diagrams, Warranty Data,
Invoices, Purchase Requests, Cost Estimates, Organizational Occupants, Personnel
Lists, Seating Plans, Network Diagrams, Hazardous Materials, Operating Manuals,
Maintenance Records, Inspection Records, Continuation of Operations Plans,
Disaster Recovery Plans, Contingency Plans, Furniture Inventory, etc.
In addition, Record Model provides easy access to Operation & Maintenance
Manuals that are essential for Maintenance Service Providers to obtain the
necessary information. Considering HVAC systems as an example, related manuals
shall include the following information:
• Design intent for HVAC Systems and operating parameters – including energy
and water efficiency measures
• Description of the systems that are installed to serve the different areas
Manufacturer’s data including servicing schedules and recommended spare
parts listings
• Maintenance schedules for HVAC Systems and equipment
• Functional description and control schematic drawings for the BMS
• As installed drawings, including location of key components that require
maintenance and access
• Commissioning data, including settings on regulating valves (pressure and flow)
• Design and installation certification, with reference to applicable regulations and
standards.
In addition to proper (structured) commissioning of HVAC Systems, the importance
of Building Tuning over a period – typically twelve months covering seasonal
climatic changes, is recognised as being essential for HVAC systems to deliver
optimum efficiencies. The O&M manuals should be live documents that keep track
of this process. It is important for O&M manuals to include the necessary data for
monitoring the operational efficiencies of equipment, covering parameters such
as recommended pressure drops across air filters and heat exchangers, approach
temperatures for chillers and boilers, and coefficients of performance and KPIs
with regards to energy and water consumption.

LCA/LCC
Reports

Update of the last version of the LCA/LCC reports (issued in the Construction
phase) towards the assessment of the environmental impacts and cost of the use
phase throughout the complete life span of the building, according to the standard
CEN/TC 350. Indeed, the data gathered during the O&M phase is inserted into the
advanced LCA-LCC tool (in the use phase sheet), replacing the default values used
in the design phase, in order to proceed to the calculations of the main indicators.
Then, the results are interpreted and a series of improvement opportunities may be
identified according to project context.
In this framework, the LCA/LCC reports for the O&M phase shall include:
• A clear definition of the goal & scope, including the objective and functional unit.
• The description of the data to be included within the analysis, including energy
consumptions of the building, operational water and water waste treatment, solid
waste generation, maintenance, repair and replacement, etc.
• Clear definition of system boundaries considered for the O&M phase, unit
processes, cut-off criteria, allocation rules, etc.
• A comprehensive Life Cycle Inventory (LCI) and LCC data analysis, including an
overall methodology for data gathering
• The Life Cycle Impact Assessment, considering the main stages of impact
assessment of the LCI (classification, characterisation, normalisation, and
weighting) and the selected impact assessment method and impact categories.
Also, the LCC assessment of the LCC data collected.
• The interpretation of results, with the inclusion of a sensitive analysis of the
variables related to the main impacts and costs, a set of recommendations and
conclusions.

NEED4B
Monitoring and
Control Plan

The template for the Monitoring and Control Plan has been developed within the
NEED4B project. It shall include both the description of long term and short term
measurements. In particular, for long term measurements, the following shall be
considered:
• Space heating
• Domestic hot water
• Space cooling
• Dehumidification
• Ventilation
• Energy for air movement
• Lighting
• Water pumps
• Energy for indoor transport
• Room temperature
• Room relative humidity
• Outdoor climate
• RES production
for short term measurements, the following shall be considered:
• Air tightness of building
• Insulation quality
• Ventilation heat recovery
• Heat source efficiency
• RES efficiency
• Construction relative humidity
• Lighting
• Noise
• Thermal comfort
• Study of end-users
• Air quality

Post Occupancy The Post Occupancy Evaluation Questionnaire has been developed within the
Evaluation
NEED4B project in order to obtain feedback on building performance by end users

Questionnaire

Questionnaires shall be distributed periodically right after the occupants move
into the building (e.g. every three months in order to cover all seasons) and shall be
self-completed.
The questionnaire consists of 10 sections, whose content is described below.
• PART 1 is dedicated to gather information about end users gender, age and
occupation. Such data are useful in order to find out if awareness and approaches
to energy efficiency differ according to demography.
• PART 2 (Locations) is used to collect information about environmental quality of
the building location usually occupied by the questionnaire subject, in terms of
air quality, temperature, noise, light,
• PART 3 (Energy use) collects information about occupants’ preferences and
attitude towards energy usage and consumption
• PART 4 (Electricity consumption and conservation). In this section occupants’
attitude and awareness about electricity usage, production and consumption is
investigated.
• PART 5 (Heating and Cooling) is about typical heating and cooling thermostat
preferences
• PART 6 (Services in Tertiary Buildings) is about occupant services specific
requirements (e.g. if they prefer to have building centralized control parameters
or they can set them separately per room space)
• PART 7 (Metric & Units) is about awareness of end users about metric and units
used to define energy consumption
• PART 8 (Comments) Additional comments about previous sections are collected.
• PART 9 (Information and Training) in this section ways to increase end users’
knowledge about energy efficiency are investigated.
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4.2 Prioritization Mechanism for the Operation & Maintenance
phase
The Prioritization Mechanism for the Operation and Maintenance Phase is a work
instrument that translates the proposed recommendations into objectives criteria that
can be quantified and prioritized towards the evaluation of the most important ones for
the Operation and Maintenance of new low energy buildings according to the specific
case (climate, building typology, etc.).
The Prioritization Mechanism for the Operation and Maintenance Phase enables the
NEED4B methodology’s users, namely the Energy Efficiency Team, to understand how
(with respect to the identified clients’ needs (both mandatory and “nice to have”))
and which priorities are to be assigned in the new low energy building Operation and
Maintenance.
• The “how priorities have to be assigned” is provided by the implementation of a
dedicated procedure comprising two main steps: (i) identification and ranking of
clients’ needs/requirements and (ii) ranking of the provided recommendations in
the so called Relationship Matrix according to specific criteria provided (see table
afterwards)
• The “which priorities have to be assigned” is provided by the Pareto Diagram, main
output from the implementation of the above mentioned process, able to provide the
most relevant recommendations for the Operation and Maintenance phase weighted
on the identified clients’ needs.
The integrated version of the Prioritization Mechanism relies on the recommendations
used in the Optimization Mechanism (see booklet in Paragraph 4.2.1). The EET is able to
work together in an integrated way, keeping track of the cluster of recommendations but
without being so strictly constrained to them.
Added value of the Prioritization Mechanism:
• Clients’ requirements evaluation
• Prioritization of different recommendations weighted on clients’ needs
• Evaluation of the most relevant recommendations per cluster

Process:
• Keeping on hand the booklet for Prioritization Mechanism implementation (Paragraph
4.2.1), the EET shall complete the Excel file provided in Appendix 2 according to the
following steps.
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Step:
1. “User requirements” - “Voice of the Customer”
identification according to each stakeholder
and to the specific building boundary
conditions (to be defined and customized
time to time, using also instruments such as
the Mind Map):
• Identify the users and their needs (must/nice
to have)
• User requirements relevance assessment on
a scale from 1(low) to 5(high) Criteria for user
need “Priority” assessment (1-5):
1= Less important; 2= Not essential to have; 3= Good to have; 4= Very good to have; 5=
Mandatory.
2. “Technical Recommendations” = identification of the “Voice of the Engineer”, from the
Optimization Mechanism providing the main recommendations to be taken into account.

3. Relationship matrix definition according to specific criteria (see Excel Table reported
below). Assignment of the relevance of the single recommendations for the fulfilment of
the clients’ needs

The main output of the Prioritization mechanism will be then the Pareto Diagram able to provide
the most relevant technical recommendations for each phase weighted on the stakeholders
needs.

An example is reported in the figure above where, by taking into account the 6 most relevant
recommendations, the 40% of user needs shall be fulfilled.
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4.2.1

#

1

2
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Booklet for implementing the Optimization and Prioritization
Mechanism for the Operation and Maintenance phase
Recommendation

Description

Provision to
occupants of a
dedicated users’
guide for optimizing
their behavior in
terms of energy
performance

Since user behavior can greatly affect the energy consumption of a
building and user behavior modulation is critical as it takes time to
adapt to varying temperature, the occupants should be made aware
of all building systems as well as of the building use. To this aim, it is
recommended to provide a building users’ guide for occupants of the
building and run information sessions about how lighting, heating,
ventilation and air conditioning (HVAC) systems influence comfort and
energy costs, provide information about how daily tasks like opening and
closing blinds and switching-off lights can improve energy efficiency,
proper use of energy Building Management Systems (BMS) to improve
indoor comfort, optimal implementation of passive measures, etc.
The electronic version of the users’ guide is also recommended,
including the electronic storage of all the technical manuals. This will
raise user awareness and make the user-building interaction smoother.
The electronic users’ guide shall also be printable and shall include
visual images to communicate with occupants in order to make them
learn easily and quickly about the way to interact and operate building
for an adequate maintenance.

Occupant
Environmental
Communication
Program
development
to foster users
collaboration
towards
improvement and
maintenance of
energy efficiency

To increase building occupant awareness and engagement in
environmental and sustainable practices in order to have a significant
impact on the performance of the building. Improving the environmental
performance of the building can lead to many positive outcomes for
building management, staff and tenants, including but not limited to
lower operational costs, lower utility bills, improved indoor air quality,
improved management-tenant relationships, etc. To this aim, the
Occupant Environmental Communication Program shall be developed to
address the following components:
• Selecting the communication strategies that will be used;
• Selecting the activities that will be encouraged; clearly describe the
activities/events that will be communicated to occupants (e.g., Earth
Day event or energy awareness campaigns with “turn off your monitor”
stickers).
• Identifying responsible individuals among management for moving
each aspect of the plan forward; and
• Creating a timeline for implementation.
Demonstration of implementation shall be required. The program can be
common to a portfolio or campus of buildings however implementation
must be building-specific.
The communication program must also include specific initiatives to
effectively engage tenants and building staff around environmental/
sustainability issues, and encourage them to work with building
management to drive performance improvements in the building.
Occupants are the permanent/regular occupants of the building, such
as tenants, staff and visitors in case of hotels or hospitals. If the building is
not owner-occupied, surveys should be directed to staff. Best techniques
shall be identified among:
• Self-completion questionnaire
• Interviews
• Walkthrough
• Focus groups
• Building energy dashboards, easy to use and collecting users’
satisfaction rate as well as real time consumptions for comparison
between weeks/months/years
• Apps to get feedback and raise awareness about energy performance
Ask for feedback every three months for the first year of operation in order
to cover each season and verify if the building is operating as expected.
Afterwards, ask for periodical feedback (twice a year).

#

3

Recommendation

Description

Formalization of
building owner
and tenants shared
responsibilities

To formalize shared responsibilities between the building owner and a tenant
by making specific commitments, for example, by negotiating with the tenant
to have energy efficiency clauses in a lease contract (a green lease). This might
be easier when the owner has objectives of energy consumption. Owners and
tenants can both make energy-aligned language their default for new leases
and find opportunities to increase collaboration around energy efficiency in
existing leases (net and gross leases). Energy efficiency-aligned language can
be added to traditional building leases to mitigate the landlord-tenant splitincentive problem; e.g. To seek regular tenant feedback on thermal comfort and
lighting levels, and set up systems for responding to complaints.
Moreover, to discuss with tenants the use of economical indoor temperature
ranges, and recommend, for example, a temperature range of 20–22 °C in winter
and 23–25 °C in summer; to liaise with tenants about their hours of occupation, and
realign HVAC operating times to reflect any changes to the hours of operation.

4

To identify a person (i.e. building manager, owner) in charge of gathering data
from occupants in the best way.
Indeed, in post-occupancy monitoring, the occupants, owners and buildings
managers should be involved in the process and contribute at their time to the
Identification of a
person in charge of process. Occupants and owners can directly influence building performance and
gathering occupants’ they benefit directly from the evaluation. In tertiary buildings and multi-family
buildings managers play an important role in building performance, as they
feedback
have access to all aspects of the buildings and have the responsibility to finetune and solve problems with systems. Additionally, when new technologies are
implemented in the building, feedback is necessary for evaluation of the learning
process and adaptation impact of the occupant related to new technology.

5

Occupants
understanding of the
building operation
(Post Occupancy
Evaluation
questionnaire)

To verify that occupants understand the building systems and the proper use
of low-energy equipment and features of the building operation towards the
internal comfort achievement. To this aim, take advantage of the Post Occupancy
Evaluation questionnaire (POE) developed within the NEED4B project in order
to verify occupant comfort and understanding of building operation. This
shall increase comfort and energy efficiency in each building workplace by
maintaining a proper indoor quality environment. This will also contribute to a
wider knowledge base by helping architects, building managers, developers to
improve their buildings.

Verifying how the
building's actual
performance
compares to design
model predictions

To measure the building's actual performance compared to design model
predictions. Tracking performance data from the building systems and comparing
these values to design model predictions enable building managers to ensure
that the building is operating according to specified design and sustainable
standards. In addition, this allows identifying opportunities to modify operations
to improve system performance towards increasing building users’ indoor
comfort. Building designers can also use this data to validate and refine their
prediction models and evaluate the impact of proposed materials and system
changes to improve performance. Building systems analysis typically focuses on
mechanical systems and building energy use, but it can also include ventilated
facade studies, lighting analysis, airflow analyses using computational fluid
dynamics, and solar analysis.

To plan and
schedule a program
of preventive
maintenance
activities based
on BIM lifecycle
information

To plan and schedule a program of maintenance activities according to lifecycle
information about the building structure (wall, floors, roof, etc.) as well as the
equipment serving the building (mechanical, electrical, plumbing, etc.). Thanks to
the BIM model, building managers/owners can perform preventive maintenance
scheduling enabling to appropriately allocate maintenance staff, as well as
reduce corrective maintenance and emergency maintenance repairs. Using this
information, building managers can evaluate different maintenance approaches,
analyze data to make repair vs. replacement decisions, and document the
effectiveness of a reliability-centered maintenance program. This info will be
included into the Preventive Maintenance Plan.
It is recommended to create a visual representation of which building
components or installations require maintenance by gaining a clear overview of
what and when things require maintenance. The key challenge in developing a
maintenance program is entering the product and building information required
for preventive maintenance. The information about building equipment stored in
BIM models can eliminate months of effort to accurately populate maintenance
systems. This approach will improve building performance, reduce repairs, and
reduce overall maintenance costs.

6

7
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#

Description

8

To fine-tune the Monitoring and Control Plan (developed within the
NEED4B project) to the new constructed building to collect the required
data and verify whether the addressed systems are commissioned and
in operation as expected, without any obvious difficulties. Long and
short term measurements shall be complemented in order to gather
NEED4B Monitoring
information to check the appropriate performance of the building and
and Control
try to improve it. In particular, the short term measurements shall be
Plan fine-tuning
intended to complement the long term measurements by providing
according to building
information that can explain deviations from the expected values of
characteristics
the long term measurements. Monitoring for each building should be
different, according to the needs of the building users and to building
characteristics. The method used for monitoring should be widely
applicable, robust but comprehensive, quick and easy to operate and
freely available.

9

Periodical energy
consumption
monitoring towards
its reduction and
users satisfaction

To periodically check the installed real-time smart metering devices
for sub-metering major equipment and tenancies in order to assess the
building actual energy performances and identify corrective actions
towards energy consumptions as well as occupants internal comfort.
To this aim, it is recommended to monitor energy consumption in the
building (for example, by making regular checks on bills, building
management control system data, metering data and other relevant
data), look for trends and diagnose areas of energy waste. Using local
heat meters at the radiators or sub metering heating/cooling usage
enable the study of heating/cooling patterns and energy consumption
due to space heating/cooling. This helps in identifying spots of heating/
cooling energy wastage and rectifying the same in order to make each
tenant paying for their own energy consumption and receiving the full
benefit of their energy cost reduction.
To evaluate the aggregated data from monitoring systems it is
recommended to encourage the in-use monitoring, using two methods:
• In-use monitoring (internal): An external party may work closely with
the users of the building, monitoring the operation phase, in order to
identify possible improvements on the performance. These studies
may help designers understand better the needs of the end-user.
In-use monitoring (external): An external party may carry out the
monitoring of the operation phase without the participation of the users
of the building.

Preventive
Maintenance Plan
development,
including envelope,
plumbing, electrical
and heating systems

To develop a Preventive Maintenance Plan aimed to describe the
systematic approach that outlines what equipment must be reviewed,
the corrective action that must be taken and how frequently this must
occur. Take advantage also of BIM model and of the information recorded
inside it. To track also when these operations are done and the repetition
(for all) and what is replaced.
It is recommended to include within the Preventive Maintenance Plan,
actions aimed to perform maintenance for envelope, plumbing, electrical
and heating systems. (See related document)

Hazardous
Building Materials
Management
Program
development and
implementation

To develop and implement the Hazardous Building Materials
Management Program since the presence and condition of hazardous
building materials must be identified and managed for the safety of
building occupants. To mitigate the risk of exposure to hazardous
materials associated with building materials, equipment and finishes,
the building owner/manager must implement the plan by periodically
inspecting the condition of these materials, conducting safe repair, assess
disturbance or complete removal of these materials, and adequately
training personnel in contact with hazardous materials.

10
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Recommendation

#

12

13

14

Recommendation

Description

Green Cleaning
Program
development

To develop a Green Cleaning Program to emphasize the use of
environmentally preferred products, maintenance of cleaning equipment
and effective cleaning practices. The Green Cleaning Program shall
include the following components:
• Standard Operating Procedures (SOP) for cleaning activities.
• Cleaning products certified by a third party.
• Cleaning logs (describing the activities carried out, the times they were
carried out and by whom).
• Training for building cleaning staff.
• Annual review and updating.
Cleaning product must be certified by a third-party to reduce both
occupant and building cleaning staff exposure.
The contracted company must provide the building owner/manager
with detailed maintenance Standard Operating Procedures (SOP).
Confirm the contracted company is meeting these objectives through
detailed cleaning logs supplied by the contractor. In the case where
cleaning is performed exclusively by individual tenants, the building
owner or manager must provide tenants with suggested guidelines with
a guidance document regarding developing a Green Cleaning Program
for the building that meets the requirements listed above.

Waste Separation
Program
development

The Waste Separation Program facilitates the separation of waste at the
point of generation for recycling and waste destined for disposal. The
waste separation program must, at a minimum, include the collection of
paper, metal cans, glass, plastic containers and cardboard unless there
is no regional collection service for a specific material category and the
separate collection of waste destined for disposal.
The waste separation program must consist of the following components:
• Measures to ensure that buildings are adequately sized for the
collection, handling and storage of source-separated wastes. The
collection and storage of the various materials destined for recycling
may be co-mingled based on the requirements of the local markets as
long as they are always kept separate from waste destined for disposal
and as long as the separation is done at a Materials Recycling Facility
and not at a transfer station.
• The provision of information and guidance to users (e.g., signs), potential
users and custodial staff describing the expectations of the program
and encouraging effective source separation of waste to minimize
contamination and to ensure full use of the program.
• Measures to ensure that the source-separated collected wastes are
removed by a licensed service provider and taken to destination sites
designed for the proper processing and/or disposal of each material
category (reports from the service provider should transparently
demonstrate this).
• Measures and efforts are taken to ensure that the separated waste is
reused or recycled.
Demonstration of implementation shall be required. The program can be
common to a portfolio or campus of buildings however implementation
must be building-specific.

Use budget
assigned to building
maintenance
according to set
priorities

To set a budget for building maintenance in order to know how much
money is available for repairs, and to make the best possible decisions
about improving building conditions with limited resources. Money shall
be in relation with a detailed planning including a list of tasks to apply.
Once the budget is completed and approved, a carefully review of the
amounts budgeted for Operation and Maintenance should be performed
in order to use it to develop a repair schedule for the year ahead. This will
help to decide how much money to spend, or to recommend spending.
This shall also allow monitoring repair spending periodically and adjust
spending as necessary throughout the year.
Since it is very difficult to have the financial resources needed to do
all of the necessary repairs at once, it will be fundamental to decide
which repairs are going to be done first, which second and third and so
on. Thus, as soon as the Preventive Maintenance Plan is delivered, it is
recommended to use the assigned budget accordingly by setting repair
priorities in order of importance. It is important that critical maintenance
items which require immediate attention be repaired as soon as possible.
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#

15

Description

Definition of the
LCA/LCC system
boundaries

To clearly define the system boundaries in order to make the LCA/LCC results
to be transparent.
An understanding of the system boundaries, highlighting which phases and
which processes during each stage are included in the analysis, is also important
when results from construction products need to be used in an assessment of a
building in order to make decisions based on, such as in the case of the Operation
and Maintenance phase, when scenarios of energy improvements can be set up.

16

Proper identification
To proper identify the environmental and economic “hot spots”, namely those
of the building’s
building aspects that are responsible for large shares of impact and that, as such,
environmental and
have to be seen with more attention for significant improvements.
economic “hot spots”

17

To implement
specific energy
management
policies fostering the
collaboration with
building users

To take advantage of specific energy management policies by fostering the
collaboration with building users. In particular, in the case of tertiary, commercial
or office buildings where an energy management policy can be developed it is
recommended to stimulate and motivate occupants to adopt energy efficient
behaviours and to demonstrate company/organisation commitment. A simple
energy management policy at building level can provide a framework for energy
programs and help to achieve previously set performance targets.

18

More information
about the
environmental
advantages
of acquiring a
sustainable building

Information about the environmental advantages of acquiring a sustainable
building shall be clear to enhance the awareness, social acceptance and
responsibility of building occupants towards sustainable buildings. To this aim,
it is recommended that future building occupants are trained in all aspects
related to the most appropriate mode of interaction with the buildings, in order
to achieve the most optimized energy savings.

19

Guarantee a good
communication
among stakeholders
involved in the
Operation &
Maintenance

To ensure clear communications among tenants and between tenants and the
contractors or employees assigned to do the work since building maintenance
and repair is a complex process (more than simply supervising employees and
hiring contractors). Moreover, active participation by everyone in the building,
as well as well-understood and carefully crafted decision-making practices is
required. It is necessary to highlight the importance of the Team Effort to ensure
improved results are accomplished and to be aware of the responsibilities of the
different stakeholders for achieving efficient operation of buildings

Report defects or
problems

It is recommended to be always alert for defects or problems in the building’s roof,
windows, stairs, plumbing, elevator, electricity, radiators, etc. and report them
immediately to the building manager. It is recommended to track electronically
the history of all the buildings problems, to be accessible by the maintenance
companies. To this aim take advantage of the BIM model and of the electronic
users’ guide.

Take advantage of
the Record Model
as an accurate
depiction of the
physical conditions,
environment and
asset of the building

During the design and construction phases project teams recorded within
the BIM model all the information related to the building’s main architectural,
structural, and MEP elements. This creates the as-built model, based on a
material library localized (from the design, construction, 4D coordination models,
and subcontractor fabrication models) that provides a valuable resource for
owners and building managers to link operations, maintenance and building
data for effectively operating the building. With continuous updating, the Record
Model can serve as a living document that contains an accurate snapshot of
the completed space. Record Model can include links to all relevant building
information (for example serial codes, warranties, and the operation and
maintenance history of all the components within the building) to be used to
have an accurate depiction of the physical conditions, environment and asset of
the building.
By using information in a BIM record model, owner or building managers can:
evaluate the cost implications of changing or upgrading building assets; track
the use, performance, and maintenance of a building assets for the owner,
maintenance team; produce accurate quantity takeoffs of current assets for
financial reporting and estimating the future costs of upgrades or replacements.
In case the owner or the building manager is not qualified or equipped for using
or even consulting the BIM model, take advantage of the BIM manager to exploit
the Record Model towards efficient maintenance. The necessary parameters
must be introduced for each family to achieve this objective.
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22

Allocating,
managing, and
tracking spaces and
related resources
through the BIM
Space Management
and Tracking

To use a BIM model for space management in order to analyze the existing
use of space, evaluate proposed changes and effectively plan for future
needs. Having accurate and detailed space information is especially
useful for planning renovation projects, where some building segments
will remain occupied and change during the construction phase. Indeed,
by understanding the details of how space is used, building professionals
can reduce vacancy and ultimately achieve major reductions in real
estate expenses. The room and area information in BIM models are the
foundation for good space management.

23

Integration of LCA
and LCC for decision
making process

To integrate LCA and LCC for proper decision making process according
to primary driver (environmental impacts and costs respectively). The
use and sequence of LCC and LCA will depend on the priorities of the
decision-maker. The range of approaches might cover, for example:
• Use of LCC and LCA as two of the criteria in the evaluation of a single
investment option (such as the decision to substitute a building
component/system), where other evaluation criteria might include
functionality, aesthetics, future investment returns etc.
• Use of LCC and LCA as two of the criteria in the evaluation of a number
of alternative investment options (either entire constructed assets or
specific components, materials or assemblies within them)
• Use of LCC to provide a financial/economic evaluation of those
sustainability impacts that have a widely agreed and readily calculated
monetary value
• Use of LCC to provide a financial/economic evaluation of alternative
options identified in a LCA assessment
• Use of LCA as a means of identifying alternative options with a good
environmental performance and then carrying out a LCC analysis on
those options only
• Use of LCC to select cost effective options, then making a final decision
in the light of a process of LCA carried out on those options only.
• Thus it can be seen that LCC and LCA can either be used alongside
each other in a broader evaluation process, or either process can form
an input into the other.

24

To update the LCA/LCC reports, including the following:
• Update the detailed LCA/LCC models to reflect any changes or
variations in the project, or in the specification of components and
materials within it
• Maintenance plans setting out future maintenance and renewal costs
• Cost advice (NPV) for comparison of design options
Update of the LCA/ • Risk assessment report and sensitivity analysis on key parameters
LCC reports
• Schedule of replacement cost items with life expectancies
• Cost advice for optimizing the performance of an existing asset during
the remaining period of its life cycle
• Cost advice for optimizing operational costs
Results from other economic evaluation methods – for example, Payback
Analysis, Net Savings/Net Benefit, Savings to Investment Ratio, Annual
Cost and Annual Equivalent Value

25

To take advantages of the following improvements to Domestic Hot
Water (DHW) systems towards energy efficiency:
• Check whether the temperature settings on domestic hot water
systems can be reduced
• Use the recommended minimum settings for domestic hot water
systems
• Switch off hot water systems in areas where they are not essential and
in time period when it is not necessary (such as overnight and over
weekends)
• Install programmable timers on instantaneous hot water systems
• Install flow control devices on hot water taps and showerheads and
insulate hot water pipes and tanks where it is appropriate to do so

Improvements to
Domestic Hot Water
(DHW) systems
operation towards
energy efficiency
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Improvements to
lighting systems
operation towards
energy efficiency

To take advantages of the following improvements to lighting systems
towards energy efficiency:
• Install label light switches with clear descriptions of the associated
lighting areas
• Install motion or noise sensors, and install switch-off timers, for lights in
areas that are not always occupied, for example, in storage areas when
present
• Perform lighting system controls to ensure they are working correctly
• Remove light fittings from over-lit areas
• Take advantage of electrical appliances and equipment with more
energy efficient models
• Prefer high efficiency lamps and equipments
• Encourage and maximize the usage of natural light
• Make sure that electrical equipment is operating on low energy mode
or standby mode and is switched off when not in use
Ask the building owner/building manager to adjust lighting controls so
they suit energy efficiency requirements

Energy efficiency
improvements to
HVAC systems
operation towards
energy efficiency

To take advantages of the following improvements to HVAC systems
towards energy efficiency:
• Identify heating, ventilation and air conditioning (HVAC) equipment
that is due for replacement and seek advice about energy efficient
replacement options
• Check temperature sensor locations and move equipment (or sensors)
if heating or cooling sources are interfering with HVAC settings
• Develop a preventative maintenance program and revise the operations
and maintenance (O&M) manuals to reflect this
• Check that all preventative tasks relating to the maintenance of the
HVAC system are included in the HVAC maintenance contract
• Aim for long-term maintenance contracts, recognising that a longer
term can enable contractors to better diagnose problems and identify
areas for improvement
• Encourage maintenance contractors to provide feedback on energy
waste, and ensure this feedback is acted upon
• Ask the building manager to carry out HVAC maintenance tasks, and to
eventually develop an O&M manual for occupants
• Ask the building manager for advice about the optimum location of
appliances, such as fridges, that generate heat
• Ask the building manager to make seasonal adjustments to indoor
temperatures that are within the range of 20–22 °C in winter and 23–25
°C in summer
• Undertake regular maintenance to limit after-hours HVAC consumption
Adjust the correct flow to the type of function and the number of persons
or the air quality to reduce consumption of HVAC

Education and
awareness rise to
set energy efficiency
policies and
procedures

To successfully implement energy efficient operation and maintenance
it is essential that all stakeholders are professionally and technically
skilled and work as a team to harness the best performance from the
building. To raise education and awareness/ to set energy efficiency
policies and procedures, such as:
• Especially in the case of offices, to check that all equipment and
appliances are operating in low energy or standby mode and
eventually to introduce a switch-off policy that requires staff to switchoff equipment when they leave the office or when the equipment is not
in use.
• Switch off printers, computers, monitors and other electronic equipment
that consume energy, even in standby mode, overnight
• Make sure all staff members or inhabitants know how to use the
building’s air conditioning system correctly
Check with the building manager about the most efficient way of using
building services after the usual building occupancy patterns.

#
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Use of building
automation control
systems according
to users occupancy
patterns

To use building automation, control and energy management systems
for optimizing building energy performance ensuring at the same time
increased occupant comfort. Indeed, energy efficient building systems
and equipment integrated with optimized controls for cooling and
heating equipment, ventilation, domestic hot water and lighting and to
an extent appliances could result in approximately 60% energy savings
especially in closed buildings. In particular, it is recommended to ensure
appropriate scheduling and automation according to users’ occupancy
patterns. Schedules describe the typical user occupancy pattern in the
building. The usage of all the systems such as HVAC, lighting, hot water
and appliances is a function of these patterns and these controls need to
be scheduled and automated to ensure comfort while reducing energy
wastage.

Proper engagement
of Advanced
Metering
Infrastructure
with user-friendly
interface

To proper engage Advanced Metering Infrastructure (AMI) or smart
meters with communication technology with home appliances, plug
loads, energy and lighting systems (known as Home Area Network
(HAN)) to provide real time hourly data to the homeowner on the
energy consumption. HAN is a network within the home that enables
communication between “smart” devices including HVAC, security,
lighting, and appliances. This provides the home user with ability to
remotely control devices within the HAN (such as adjusting a thermostat
or turning off lights). This helps consumers to better manage consumption,
cost and utilities and to better manage supply and demand, and to
react quickly during emergencies. Moreover, to employ controls with
user-friendly interface should enable users to set and maintain comfort
conditions in the space. The control should be largely image-based with
easy and understandable user interface. At home automation ergonomics
and ease of use are of particular importance.

Proper building
temperature set-up
by building users

Since comfort is a matter of individual preference and user behavior
modulation is critical as it takes time to adapt to varying temperature with
different choices of clothing and other habitual actions, the occupants
should be made aware of more careful behavior, in particular:
• Lowering temperature levels in fully occupied rooms
• Local restriction of heating, lowering temperature levels in unoccupied
rooms
• Temporal limitation of heating, e.g. the closing of valves at night or
during holidays
Using intelligent programmable thermostats, able to perform more
advanced functions such as reversing to a setback temperature during
night and unoccupied periods, varying internal temperature as a function
of external temperature, responding to seasonal variations and multi
room control

Proper ventilation
set-up by building
users

As tenants and other building users can usually influence heating energy
demand through adjustments to ventilation, by opening windows or by
equivalent methods of natural ventilation, the ventilation behavior of
many building users shall be observed to become more careful. Even
where mechanical ventilation systems have been installed, users may
well influence ventilation flows by opening windows in addition. Thus
it is recommended to effectively optimize ventilation in the building
through a strategy known as demand control. This strategy calculates
the amount of required ventilation by sensing the amount of carbon
dioxide and humidity in the space. Thereby it avoids excess ventilation
and corresponding energy costs.
Finally, for sustainable building management, sufficient ventilation
should take place to ensure the building environment remains healthy.
In the case of risk of mould formation, minimum safe ventilation rates
depend on moisture generation (numbers of occupants, time in building,
uses of cold and hot water etc.), temperature, wall surface finish, thermal
bridges etc.

Use appropriate
lighting controls

To foster the use of appropriate lighting controls like occupancy sensors
that turn lamps on, when somebody enters a room, or turn off, when
nobody has been present for some time. They can be controlled locally
or can be scheduled to operate suit usage patterns of the occupants.
Lighting controls keep a check on unintentional and negligent behavior
and avoid unwanted energy usage.
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Low energy
equipment with
energy labels
and smart control
technology

To choose energy efficient appliances, according to energy labels. Energy labels
show how an appliance ranks on a scale from A to G according to its energy
consumption. Energy labels are mandatory for all appliances sold in the EU for
which a label requirement (or regulation) exists and enable customers to choose
products that consume less energy and thereby to save money.
In addition, to use appliances with smart control technology. Modern appliances
are equipped with ‘smart’ technology that will include a sophisticated
communication protocol embedded in the appliance and makes it easy to
communicate and control them remotely. In residential buildings this would be
able to control appliances like washing machines, ovens, dishwashers, coffee
machines etc.
For example, flow-based power modulation technology in tank-less hot water
heaters makes them more energy efficient than full on/full off water heaters
storage. Typical less efficient boilers are turned on full power regardless of the
temperature and flow rate. On the other hand more sophisticated water heaters
measure the flow rate of water and will modulate overall power output to
compensate for the flow rate change so as to maintain more precise temperature
level.

To promote
incentives for good
maintenance rather
than penalties for
bad maintenance.

Rather than contracts only being punitive for non-performance, they should
also encourage good performance through incentives to Contractors who
either maintain a building’s high performance or enhance it. Incentives need to
be contractually stipulated and tied to Key Performance Indicators (KPIs) and
agreed service levels.
Incentives can take a range of forms including an extension of the present
contract, a favourable weighting factor for the next tender, financial incentives
to enhance building performance ratings or a shared percentage on utility
cost reductions. Any incentive that promotes Maintenance Contractors to act
in partnership with Building Managers will also improve communications and
develop a better working relationship, and this will result in mutual benefits
which go beyond financial gains.

36

To analyse energy bills and check electricity meters is a good way for occupants/
tenants to get a sense of the patterns of energy consumption in their own office/
apartment. This information could help tenants to compare the quotations
Payment of effective offered by various retailers with what they are currently paying, and could also
energy consumptions be useful in the case of negotiating a new electricity supply agreement with
by matching energy an energy retailer. The best way to perform this task is to collect energy bills
for the past years, to graph energy consumption over time (monthly) looking
bills and electricity for patterns and spikes in energy consumption, to look at the tariff or contract
meters and by
details to identify components of energy consumption that are most costly. To
leveraging on sub- take advantage of sub-meters for the energy consumptions in order to evaluate
meters installed
the effective consumptions and make the users pay effectively for it. Sub-meters
can also be used as management tools to help identify energy wastage and to
monitor ongoing performance and improvement when energy saving initiatives
are put in place.

37

To enhance the awareness, social acceptance and responsibility of building
occupants towards sustainable buildings. If the building occupants are trained in
all aspects related to the most appropriate mode of interaction with the building,
it is expected that the highest economic savings will be achieved. To this aim,
information about the economic advantages of acquiring a sustainable building
shall be as simple and as detailed as possible. The description of economic
saving of a sustainable building in comparison with a standard one shall be
provided.

38
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Recommendation

Awareness about
the economic
advantages
of acquiring a
sustainable building

To analyse the energy consumption data in order to take steps for optimization
accordingly. Modern day equipment is fitted with sensors and transmits data
wirelessly, making it a less hassle for homeowners. By using control strategies
Analysis of the
and smart meters, the energy consumption data is collected and presented
energy consumption with a graphic user interface on TVs, computers and smartphones. The energy
data in order to take usage data for various end uses can be compared to various parameters like
steps for optimization external weather conditions, user behavior, occupancy patterns etc. and the
potential pockets of energy wastage can be identified and rectified accordingly.
accordingly
This analysis will help identify flaws in any of the systems and the same can be
rectified. In some cases the whole system can be optimized by just recalibrating
the system and adjusting the controls to suit updated user behavior patterns.

#

Recommendation

Description

Energy Audit and
Energy Management
Plan development

Energy management is the continuous process of managing behavioral,
organizational and technical change to improve the building’s energy
performance. As a consequence, it is recommended to perform an Energy Audit
aimed at identifying potential improvements. These potential actions for energy
efficiency improvements (namely Energy Conservation Measures (ECM)) will be
included in the Energy Management Plan.
For each initiative, the Plan identifies the following:
• Whether a particular ECM will be pursued or not;
• The person responsible for the implementation of the ECM;
• The budget associated with the ECM; and
• A timeline for completion.
If a particular measure will not be followed-up for the building, the reason why
shall be indicated. The Plan shall be periodically updated.

40

Water Assessment
and Water
Management Plan
development

Water management is the continuous process of managing behavioural,
organizational and technical change to improve the building’s water performance.
As a consequence, it is recommended to perform a Water Assessment aimed
at identifying building’s configuration and water systems and focusing on the
identification of potential Water Conservation Measures (WCM). These potential
actions will be included in the Water Management Plan, that shall contain the
following elements:
• Analysis of water consumption through monthly utility bill analysis and
benchmarking. For benchmarking purposes utility bills must cover a minimum
of 12 months of continuous data.
• Assessment and list of current performance of water-consuming equipment.
• Prioritized list of proposed water conserving measures (WCM’s) to enable
greater water efficiency. For each initiative, identify whether or not a particular
WCM will be pursued, the person responsible for its implementation, the
associated budget and a timeline for completion.
Provision of estimates of financial savings the building owner will realize as a
result of investing in WCMs s and the simple payback period.

41

Indoor Air Quality
Monitoring Plan
development

To develop an Indoor Air Quality Monitoring Plan, as a guidance document, for
the selection of appropriate and achievable air quality goals, regular surveillance
and testing to verify HVAC performance and hygiene, efficient and effective
procedures for addressing occupant IAQ concerns, and training for all property
management and maintenance personnel.

Evaluation of
strategies to reduce
environmental and
economic impacts
based on scenario
analysis and project
context

Once found the hot spots, it is recommended to propose some approaches
for improvements and then evaluate them. There may be a clear winning
improvement only by itself or maybe several strategies, that would make a small
difference on their own, that make a big difference if combined. The analyses
should include all required impact indicators in order to avoid hidden impact
tradeoffs that might occur. It is recommended to narrow down the options
by considering which impact-reducing strategies best fit with other design
criteria such as cost, constructability, aesthetics and so forth. This can be done
by simulating different scenarios taking into account the building context and
selecting the best one. This might be done by mean of the following:
• Scenarios should be representative of contemporary technologies and/or
practice, and the project location.
• Scenarios should by default come from the LCA tool (i.e. internal databases)
and/or EPDs used, and otherwise may come from (in order of preference): a.
Known project-specific information (e.g. material transportation distances);
b. Product-specific information produced in accordance with a recognized
standard (e.g. a service life planning report in accordance with the ISO 15868
standard series); c. Generic third-party information applicable to the product
(e.g. other databases or statistics); d. Product-specific information not produced
in accordance with a recognized standard.
• If the service life of a building product is less than the study period of the
assessments, the number of times product replacement occurs over the study
period should be calculated according to the following equation: Number of
Replacements = (Study Period - Product Service Life) / Product Service Life.
Operating energy use over the study period may be based on an energy use
estimate determined for a single year.
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43

Foster those
strategies aimed
at lowering LCA
impacts by reducing
retrofitting building
material and
operating energy
fuel or searching for
lower ones

To decrease LCA impacts by reducing the quantity of materials used
and fuels consumed on one hand, and/or by searching for lower-impact
building material and operating energy fuel on the other hand.
Strategies for reducing building material and operating energy fuel use
might include:
• Minimizing the surface area of the building.
• Establishing the building geometry (e.g. footprint, floor thicknesses)
and structural layout/system in tandem in order to produce an efficient
structure.
• Reviewing structural member sizing and typical details in order to
reduce material use where possible.
• Reducing the use of materials that are not specifically needed to fulfill
the performance requirements of an assembly (e.g. leaving structure
exposed).
• Selecting materials and/or construction assemblies with longer service
lives, such that they are less replaced over the building life cycle.
• Reducing operating energy consumption. This strategy is often the
low-hanging fruit in terms of lowering the environmental impact of
a building, but often involves increased material usage (e.g. thicker
insulation) and/or use of high-impact materials (e.g. photovoltaic
systems).
When exploring energy reduction strategies, additionally consider
implications in terms of embodied effects.
Strategies involving lower-impact building material and operating energy
fuel might include:
• Substituting new materials with salvaged materials
• Evaluating material or construction assembly alternatives that perform
the same function (e.g. comparing various cladding types on a per-unitarea basis). Be careful to consider unintended design consequences
that might occur, e.g. brick cladding requiring a thicker foundation wall.
Switching service systems to those that use lower impact operating
fuels, e.g. a natural gas fuelled chiller may perform better than an electric
chiller when the building draws on grid electricity that is generated
predominantly by coal-fired plants.

44

Reduction of
environmental
impacts and
operating costs by
using BIM

To reduce environmental impacts and operating costs by leveraging
on BIM to facilitate the analysis and comparisons of various energy
alternatives. Indeed, by analyzing the costs and the savings of various
building improvements and building system retrofits, building managers
gain a tool to optimize building performance over the life of the building.

Energy performance
certificate

To foster energy performance certificates for buildings as means for
consumer protection, as they provide information on the quality of the
building, the long term savings in energy bills and the healthiness of
the living environment. Issuing these certificates requires appropriate
technical research programmes, trained auditors and the metering of
energy consumption.

Understanding/
improving lease
conditions,
encouraging energy
efficiency policies

To understand the implications of lease arrangements and use it to
support energy efficiency and cost effectiveness objectives.
For example, the landlord under a net lease pays for the cost of electricity
used by the base building, but reclaims such cost from the tenants, so
net-lease tenants in buildings with inefficient equipment are likely to pay
higher outgoings. It is therefore in the tenant’s best interest to promote the
installation of energy efficient appliances. Gross leases on the contrary
allow the landlord to gain from investing in equipment that will reduce
energy costs in the base building. During initial negotiations, the tenant
can insert energy performance clauses to ensure building services are
managed to the required specifications and targets.
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47

During the operation of the building, refurbishment and renewal of some
elements might be required, driven by (for example):
• High operational costs
• High energy consumption
Foster the use of LCC • Obsolescence (for example: physical, technical, economic, social)
analysis for selecting • Change in use of the asset
the most appropriate • Components or systems reaching the end of their service life.
Thus, it is recommended to foster the use of LCC for supporting the
refurbishment or
selection of the most appropriate refurbishment or renewal option, at
renewal option
either an asset or component level. The analysis can be based on historic
or benchmark data, or on detailed data derived from manufacturers’
specifications and comparable cost-in-use data. It is essential that the
analysis takes into account the impact on interdependent systems and
the overall building.

48

To foster the retrofitting of the entire building block instead of improving
the energy performance of individual apartments. It is more energy and
cost effective to first make repairs to a whole building’s common parts,
including the outer walls, windows, roof and heating system before
renovating individual apartments.
Whole building
Deep, or one-time, renovation of a building is recommended. However,
targeted for one time due to financial constraints and lack of capital, residents in transition
renovation
countries might not be able to afford onetime renovation. If this is the
case, a step-by-step or gradual renovation should be pursued. This
includes replacing building parts according to their lifecycle. However,
if this approach is used, a comprehensive plan is necessary in order to
guarantee that the different stages together will lead to an appropriate
end result.

49

Since some building data on life expectancy and replacement costs
are embedded in BIM models, this helps the building owner/occupants
understand benefits of investing in materials and systems that may cost
more initially but have a better payback over the life of the building.
For example, using vinyl wall covering for interior wall finishes is more
expensive than paint initially, but may result in reduced overall lifecycle
costs since it is more durable. The lifecycle data is also very valuable for
forecasting ongoing capital improvement costs for building renovation.
It is recommended also to take advantage of Decision Support Systems
(DSS), such as Integrated Environmental Software to improve the
operation of the building and its energy performances while optimizing
costs. Moreover, better information about existing conditions reduces
the cost and complexity of building renovation and retrofit projects. The
“living” BIM model (known as Record Model) provides an easier means
of representing three-dimensional aspects of the building. By providing
more accurate and trustworthy information to contractors, change orders
resulting from “surprises” in as-built conditions can be greatly reduced.

Economical retrofits
and renovations
based on lifecycle
cost data

To encourage retrofitting through the adoption of EPC and ESCO
companies. Energy Performance Contracting (EPC) means a contractual
arrangement between the beneficiary and the provider of an energy
efficiency improvement measure, usually an ESCO company. ESCO
companies are firms providing solutions for achieving energy cost
reductions, and whose overall compensation is linked (in part or fully)
to the performance, in terms of energy savings, of the implemented
solutions themselves. Under an EPC arrangement an ESCO company
To encourage
retrofitting through implements a project to deliver energy efficiency, or a renewable energy
50
the adoption of EPC project, and uses the stream of income from the cost savings, or the
and ESCO companies renewable energy produced, to repay the costs of the project, including
the costs of the investment. Essentially the ESCO will not receive its
payment unless the project delivers energy savings as expected.
Therefore, being EPC a form of financing which allows funding energy
upgrades from costs reductions, it is highly recommended when the
client needs to change its equipment and technologies to obtain gains in
term of energy efficiency but the large up-front investments discourage
this action.
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APPENDIX 1: PRIORITIZATION MECHANISM
FOR THE DESIGN PHASE
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APPENDIX 2: PRIORITIZATION MECHANISM
FOR THE CONSTRUCTION PHASE
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APPENDIX 3: PRIORITIZATION MECHANISM
FOR THE OPERATION AND MAINTENANCE PHASE
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