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Introduction

The development of new building technologies with the aim to achieve
greener and more sustainable buildings has led to more complex
technical installations in new buildings, which represents a challenge to
manage for all parties involved. A result of this has been the
appearance of performance gaps and basically implies that new
buildings are not functioning as expected [1][2][3]. Building
commissioning started in the US as a quality insurance methodology
and research from the US shows energy saving of approximately 13%
and an average payback period of 4.2 years, when implementing a
commissioning process [4]. However, building commissioning is a
relative new term in the Danish building industry and thus, the
application has increased in recent years due to enhanced technical
requirements of new buildings. The commissioning process can be
defined as a quality-based management process with the aim of
considering the interactions of the technical installations and the overall
economy of building projects [5]. A continuation of the commissioning
process is possible and can be defined in the terms “ongoing
commissioning“, and “monitoring-based commissioning“. The focus is
on the last phase of a completed commissioned building and concerns
sustaining the building performance throughout the building’s lifetime
as well as methods for continuous optimization of building performance
[6][7].

This research investigates how commissioning can be applied in
the construction process and during the further building
operation. Aiming to realize the UN's ambitious Sustainable
Development Goals (SDGs), this research contributes to achieving
improved energy performance of buildings through management
strategies, which is an important initiative in order to address the SDG
Goal 11 "Sustainable cities and communities" [8]. The research is
based on a case study of a Facilities Management (FM) organisation
combined with expert interviews within the field of building
commissioning. The purpose of the research is to develop specific
recommendations for commissioning strategies and are differentiated
for new buildings and existing buildings.
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Methods

Recommendations of Strategies

The recommendations of strategies for the FM organisation are based
on the researchers’ assessments from the collected data and
knowledge sharing with the case organisation throughout the research
period. Two strategies are presented with one strategy concerning
future building projects (Table 1) and one strategy concerning
existing buildings (Table 2). The strategies are divided into five focus
areas together with commissioning activities and responsible
stakeholders.

Five expert interviews were also conducted as part of the empirical
study to investigate preconditions for applying an ongoing
commissioning process and suggestions for valuable commissioning
activities for a building’s continuous operation. The interviewees
represented stakeholders, who have years of experience concerning
building operations and the commissioning process in the Danish
building industry. Additionality, one interview was defined as both an
expert and case study interview. The data collection of the empirical
study is shown in Figure 1.

Conclusion
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The research shows a great potential for implementation of
building commissioning in order to achieve sustainable
performance of buildings. It is important for FM organisations to
incorporate commissioning strategies, which consider the whole
building life cycle. New building projects require specific commi-
ssioning activities for fault detection in the handover process until a
steady operation is established. An ongoing commissioning process
should also be considered to acquire continuous sustainable building
performance. Furthermore, the research established that the
commissioning process in the operation phase is at an early stage in
the Danish building industry. Thus, the benefits of considering
operation optimization are not integrated as an essential part of
building projects today.

The study demonstrates implications for researchers by introducing a
new field of research aiming at how to achieve sustainable building
performance by implementation of commissioning processes
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process for realizing sustainable building performance.
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Results

Case Study

The study encompassed literature reviews to find relevant Danish
practice, international practice, case studies and journals within the
field of building commissioning, as to obtain knowledge of the present
circumstances and the impact of applying a commissioning process
throughout a building’s lifetime [9].
The empirical study was undertaken in a cooperation with a Danish
FM organisation, which functions as both the building owner and the
building operation. The organisation includes 200 employees and is
responsible for operating more than 100 buildings and has many
ongoing new construction projects at a university. The first author
worked during the study at their office, thus, generating the possibility
of ongoing knowledge sharing and dialogue with the employees
together with access to internal databases and participating in
relevant meetings.
Case study concerned a recently occupied office and laboratory
building. The building was evaluated on the basis of five semi-
structured interviews with employees, internal documents, and
data from energy meters were included to observe the energy
consumption during the first years of operation. The aim of the case
study was to gain deeper knowledge of the building’s prior
commissioning process during the construction project as well as the
handover process and the building’s technical functionality in
operation. Additionally, the investigation of the possibilities within
applying data from energy meters should address how the FM
organisation can work towards an increased digitalized method within
building operation.

Focus areas Commissioning action Stakeholders
1. Financial incentives and 

milestones for building 
performance

- Definition of commissioning milestones 
for building performance in the tender 
document linked to financial rates for 
completion of the milestones to ensure 
financial incentives for the stakeholders

- Commissioning leader, FM 
organisation project leader, 
FM organisation 
commissioning project leader, 
building client advisor (develop 
tender document)

2. Testing procedure - Planning of automatic test runs of the 
technical systems in the operation phase, 
as to ensure a digitalized process
- Planning of a coherent 100-day test 
period or two test periods of 2x50 days 
(seasonal testing) prior to occupancy

- Commissioning leader 
(develop the plan)
- BMS provider (establish the 
automatic testing)
- Contractors (execution of 

tests)
- Engineering consultants 

(Technical review)

3. Operation & 
Maintenance (O&M) 
material

- Descriptions of standard operating 
procedure (SOP) of the technical 
systems, including descriptions of test 
procedures and revised descriptions of 
the technical systems. Both descriptions 
are handed over in the FM program 
DaluxFM. Financial incentives are 
included, as the final rate to the 
contractors will only get paid out when 
the O&M material is approved by 
operating staff from the FM organisation

- Contractors (handover of the 
documentation and develop 
description)

- Engineering consultant 
(technical review of the 
material)

- FM organisation’s operation 
staff (Technical review and 
acceptance of the material)

4. Operating requirements - Contractual incorporation of the 
commissioning process by establishing 
operating requirements until the 5-year 
inspection, including specifications of 
performance level as well as reporting 
and management procedure

- Commissioning leader, FM 
organisation project leader, 
building client advisors 
(develop operating 
requirements)

- Operating staff (technical 
review)

5. Planning of data 
application

- Develop a training plan for the operating 
staff 
- Develop a plan for the level of detail for 
the applied energy building data and 
indoor climate data as well as the 
placement of energy meters and sensors 
- Ensure technical review of the data, as 
to validate the accuracy from the meters 
and sensor

- Commissioning leader and/or 
external consultant (develop 
the training plan and plan for 
data application)

- Engineering consultant 
(technical review)

Focus areas Commissioning activities Stakeholders
1. Energy management/ 

monitoring-based 
commissioning

- Establish a baseline for optimization together
with target values
- Analysis of energy consumption and results
from automatic testing of technical systems
- Planning of corrective actions to implement on
a yearly basis

- Operating staff and/or 
external consultant(s) 

2. Checklists - Establish checklists in relation to the setting of 
operating working time for passive systems 
within lighting, ventilation, heating etc. 
- Ensure update of the checklists and 
implementation of the changes yearly

- Operating staff and/or 
external consultant(s)

3. Collection of valuable
Operation & Maintenance 
information

- Continuously update of the Operation & 
Maintenance (O&M) material in the program 
DaluxFM in order to ensure efficient 
maintenance and operation

- Staff at the FM 
organisation

4. FM organisation’s own
standards

- Establish and/or update current FM 
organisation’s standards within monitoring-
based commissioning actions based on prior 
experiences within the energy building data 
and indoor climate data from existing 
buildings and current standards. This includes 
increased requirements for energy 
meters/sensors in relation to the level of 
detail, data accessibility and follow-up of data 
accuracy

- FM organisation 
commissioning project 
leader and staff from the 
Building Management 
System (BMS) section of 
the FM organisation 

5. Training of the FM 
organisation staff

- Establish educational courses within BMS and 
data application for the operating staff at the 
FM organisation

- Staff from the BMS 
section and/or external
consultant(s)

Figure 1: Data collection for the research 

Table 1: Recommendation of strategy for future building projects for the FM organisation

Table 2: Recommendation of strategy for existing buildings for the FM organisation

[8] Vaidya, H. and Tathagata, C., 2019, SDG 11 Sustainable Cities and Communities,
Actioning the Global Goals for Local Impact, pp 173-185.
[9] Kjerulf, L., 2019, Strategies of applying Commissioning in relation to buildings, Master
Thesis at DTU Management Engineering.
[10] Danish Standards Association, 2014, The Commissioning process in buildings –
Installation services in new buildings and major renovations. DS 3090:2014.

The key findings included:
• The FM organisation’s previous experiences showed there was no

fixed framework for the management of commissioning activities,
which resulted in a lack of focus on the FM organisation’s needs

• The case study building included many performance issues at the
time of handover due to a failure to complete the building’s
technical systems and installations

• The commissioning process was a relatively new concept, as the
Danish Standard DS3090 was published at the time of the building
project’s beginning in 2014 [10] and there was a general confusion
regarding the definition of a commissioning process

• The application of data from the energy meters showed issues
concerning acquiring valid data and the possibilities of achieving
detailed data for the energy usage, as to get an accurate insight
into where problems occurred

• In order to apply an ongoing commissioning process, several of
the experts emphasized the importance of ensuring an "error-free"
building project, and the importance of avoiding additional
expenses to correct mistakes related to the construction process.

• An efficient commissioning process is characterized by
ensuring an early implementation, as the most influential
decisions are made in the pre-design stage, and getting the
involved stake-holders to understand that achieving a successful
commissioning process requires a united effort

• The experts agreed that continuous building optimization will
create value in the operation phase. Main challenges is to
prioritize resources due to the division of construction budget
and operation budget (Figure 2) and ensuring the necessary
competencies related to increased technology in new buildings

• The experts’ suggestions for valuable commissioning activities in
the operation phase involve an increased focus on legal
obligations to the building project’s stakeholders and attention to
the documentation and testing process of the technical systems

Time frame: 1-2 years Time frame: 50+ years?

Construction project Building operation

Figure 2: Construction budget vs operating budget 


