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Abstract 
Monitoring key performance indicators (KPIs) through building automation opens up 
online performance evaluations of operational processes. This uncovers and 
visualizes trends and is an indication of measures to improve the processes. 
Today, a well-planned building and its certification will not ensure operational 
building performance. KPIs that would allow monitoring and analysing building 
performance are neither defined nor agreed upon – as well as today´s monitoring 
systems do not monitor KPIs representing operational process performance. 
In this paper, we present a concept to extend existing green building certification 
schemes by adding criteria that focus on the performance of operational building 
processes (e.g. information and documentation management, energy management, 
maintenance management). 

Keywords - Building certification schemes, green building performance, building 
automation, optimization of smart buildings 

1. Introduction 

Why are buildings built? Most definitely not only to save energy and costs 
– each building type has to fulfil certain functions.  

From the beginning, dwellings have been built to provide protection 
against environmental influences (weather protection, safety...). The 
requirements have risen beyond simply providing shelter, e.g., nowadays 
providing health benefits and comfort are also wanted. However, providing 
ease and comfort for the users or respectively ensuring environmental 
conditions for optimal building operation must go hand in hand with keeping 
operation costs and negative environmental impact as low as possible. 

If the purpose of the building is looked at, the operation phase is the most 
important phase in building life cycle. All other phases or processes, e.g., 
planning, construction, commissioning are servants for building operations 
and are not ends in themselves. Building operations dominate the life cycle in 
temporal (e.g., for an average office building of more than 50 years [1]) and 



financial dimensions (building related usage costs greatly exceed the initial 
investment costs (standard office building e.g. 80/20 %)). 

If building life cycle is described in a process oriented way, the main 
processes and sub-processes can be identified. For example, the operation 
phase can be subdivided into the various sub processes of technical building 
management: plant operation, information and documentation management, 
and maintenance and energy management.  

In general, the performance of individual life cycle processes, their 
processes and sub processes is evaluated using different metrics that typically 
only apply for one of the processes or process steps. Moreover, individual 
processes are not always optimally coordinated – breaks in the information 
flow across the phases occur (often seen in the transition between 
construction/commissioning and operation).  

 

 

Fig. 1  Part of real estate life cycle process and sub processes  

Green building labels (BREEAM, LEED, DGNB …) evaluate the 
sustainability of buildings and thus also the performance of the main 
processes. If for example, a building needs more than the assumed and planned 
energy when in use, the sustainability of the building must be questioned.  

The basis of the sustainability model used here is a 3-Column-Model, in 
which the dimensions ecology, economy and society are equally considered 
[2]. Table 1 lists examples for operational objectives for a building in each of 
the three dimensions.  

Table 1. 3-Column-Model for sustainability in buildings [2] 

Ecology Economy Social 
 Renewable 

energy use 
 Low energy use 
 … 

 Low life cycle costs 
 Value retention 
 Recyclability, 

reusability  
 … 

 Comfort (thermal, 
visual, acoustic, 
olfactory, …) 

 Safety 
 … 



Green building labels for new buildings are based on the planning, 
construction and commissioning phases. Concrete criteria or measurable 
indicators for evaluating the building with respect to ecology, economy and 
society during operation are not available. 

Green building labels for existing buildings are independent of labels for 
new buildings and have less reference to planning phase. Furthermore up to 
now, it is not required that certified new buildings undergo the certification 
process for existing buildings.  

Green building labels promise sustainable buildings. This means that 
during operation of such buildings, sustainability in performance can be 
expected. Currently, this cannot be achieved through certification.   

 Certification cannot ensure that users operate in a sustainable 
manner.  

 Criteria for certifying new buildings do not include performance 
indicators that can reliably make statements about operating the 
building. They do not supply measurable values that must be 
attained in operation. 

 Criteria certifying existing buildings are rather qualitative, i.e., 
difficult to measure. In general, data for calculating performance 
indicators are not available, since their monitoring was not 
considered in planning. 

 
Sustainable operation is achieved if the operating processes function 

optimally. Therefore, above all, the KPIs must also be targeted to optimisation 
of the operation processes. Sustainable performance must be measurable – and 
already taken into account in the planning phase.  

2. Today´s certification schemes  

Several certification systems have been established to evaluate the 
sustainability of real estate (new and existing buildings) and labels for 
distinguishing the properties (BREEAM, LEED, DGNB …).  

Next we will focus on analysis of green building labels for new buildings. 
DGNB (Deutsche Gesellschaft für Nachhaltiges Bauen) has developed 
suitable evaluation criteria for determining sustainability in buildings for 
different types of new buildings. The six main evaluation categories are 
ecologic quality, economic quality, socio-cultural and functional quality, 
technical quality, process quality and location quality. The criteria are to be 
included and substantiated in planning and constructing building and life cycle 
orientation is often required. However, measurable indicators with respect to 
operation are not available. Furthermore, process quality only takes the quality 
of the planning and constructing into account, but not building operation. In 
evaluating maintenance friendliness, only the structure of the building is 
considered. Technical building services are not taken into account [3].  



LEED: The green building system LEED uses evaluation criteria in the 
following categories: sustainable sites, water efficiency, energy & 
atmosphere, materials & resources, indoor environmental quality, innovation 
in design und regional priority [4]. No definite requirements and evaluation 
criteria are defined for processes in operation.  

BREEAM: After the revision of the British green building system 
BREEAM in 2008, buildings were to be more easily evaluated over their entire 
life cycle [5]. There is an extensive set of criteria in the areas: management, 
health & wellbeing, energy, transport, water, materials, waste, land use & 
ecology, pollution and innovation.  

To sum up, the following statements can be made about the labels 
presented: A systematic commissioning is positively evaluated in all three 
systems as is setting up a user or operator manual. However, there are no 
explicit requirements given for documentation or they are only considered 
marginally. Measurable target values that are to be attained in operation are 
not explicitly defined, only rarely with respect to energy demand. Energy 
values are always determined for operation phase. However, calculating the 
energy demand in defined basic conditions is not suitable for providing actual 
indicators for operation. All three systems positively evaluate setting up a 
measuring and monitoring concept, but also this indicator is not quantifiable. 

To verify building automation with focus on energy management, eubac 
[6] provides performance indicators and an audit procedure to regularly 
determine and evaluate KPIs (key performance indicators). The focus of the 
KPIs is on the energy efficiency by building automation functions or 
respectively the entire building automation system. Exemplary is “KPIEE.b: 
Electrical Energy Consumption of the entire building” for monitoring the 
electrical demand or “KPIEH.d: Total heating energy consumption, HDD 
compensated” for monitoring heating energy. 

3. Processes and performance indicators 

Generally, certified green buildings promise conservation of natural 
resources, value retention, air quality, thermal and visual comfort, etc. Some 
objectives are already fixed during the planning and construction phase and 
do not have to be monitored nor optimised during operation. Examples for 
these are design quality (architectural design), low material use, and visual 
contact to the outside and free accessibility. 

Other objectives are only attained if processes are implemented in 
building operation that ensure that the corresponding performance is achieved. 
Examples for these are reducing energy demand, lowering maintenance costs 
and ensuring air quality.  

Today, a well-planned building and its certification will not ensure 
operational building performance. KPIs that would allow monitoring and 
ensuring the holistic performance of a building are neither defined nor agreed 
upon. Following the main thesis of this paper, a major part of building 



sustainability is determined by processes in the operation phase. Thus, an 
analysis of operational processes will lead to a definition of performance 
indicators that must be considered and continually determined and evaluated 
already in the planning and implementing phases.  

Important sub-processes in building operation are information and 
documentation management, as well as energy and maintenance management. 
We will limit ourselves to this in the following.  

 
Fig. 2  Example process: maintenance management acc. to [7] 

Information management is mainly concerned with providing meaningful 
information on building services and plant components as a fundamental 
support for all operation processes. Maintenance management contains all 
measures for an economical and - in accordance to maintenance objectives - 
optimised servicing of the building services. Energy management serves to 
determine, analyse and optimise energy demand in operation – in accordance 
with terms of use and defined comfort criteria. 

Metrics for evaluating building operation are widely used for determining 
energy demand (e.g., water, energy), maintenance (mainly financial 
expenditures), user satisfaction (evaluation of surveys), amount of trash, etc. 
(see Table 2). 

Table 2. Extract on common metrics, e.g., based on [8] and [9] 

 Performance measurement  Metrics 
Water Total water use  

𝑚𝑚3

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 
, or €

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 
 

Annual water use 
𝑚𝑚3

𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑦𝑦𝑜𝑜𝑜𝑜 
, or €

𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑦𝑦𝑜𝑜𝑜𝑜 
 

Energy Total building energy use 
𝑘𝑘𝑘𝑘ℎ
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 

, or €
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 

 
Annual energy use 

𝑘𝑘𝑘𝑘ℎ
𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑦𝑦𝑜𝑜𝑜𝑜 

, or €
𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑦𝑦𝑜𝑜𝑜𝑜 

  
Maintenance & 
Operations 

Maintenance effort 
𝑆𝑆𝑦𝑦𝑦𝑦𝑆𝑆𝑆𝑆𝑜𝑜𝑦𝑦 𝐶𝐶𝑦𝑦𝐶𝐶𝐶𝐶𝐶𝐶

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 
, or €

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 
, or 

𝑃𝑃𝑦𝑦𝑦𝑦𝑆𝑆𝑦𝑦𝑜𝑜𝑜𝑜𝑦𝑦𝑜𝑜𝑆𝑆𝑆𝑆𝑦𝑦 𝑚𝑚𝑦𝑦𝑆𝑆𝑜𝑜𝑜𝑜𝑦𝑦𝑜𝑜𝑦𝑦𝑜𝑜𝑜𝑜𝑦𝑦
𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 

 

Maintenance effort 
𝑆𝑆𝑦𝑦𝑦𝑦𝑆𝑆𝑆𝑆𝑜𝑜𝑦𝑦 𝐶𝐶𝑦𝑦𝐶𝐶𝐶𝐶𝐶𝐶

𝑜𝑜𝑦𝑦𝑦𝑦𝑆𝑆𝑦𝑦𝑜𝑜𝑜𝑜𝑦𝑦𝑜𝑜𝑆𝑆𝑆𝑆𝑦𝑦 𝑚𝑚𝑦𝑦𝑆𝑆𝑜𝑜𝑜𝑜𝑦𝑦𝑜𝑜𝑦𝑦𝑜𝑜𝑜𝑜𝑦𝑦
, 

or €
𝑦𝑦𝑦𝑦𝑜𝑜𝑦𝑦𝑟𝑟𝐶𝐶𝑦𝑦 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 

 
 
Metrics are often problematic if conditions change during operation, e.g., 

number of occupants, rentable or main useful area, etc. This complicates 
comparing or recognising trends. For example, if the energy management 
process at a university changes due to a change in the number of students and 
the available laboratory areas, it can cause a trend to higher energy demand, 
although the process quality itself has stayed the same [9].  



What makes a performance indicator a “key” performance indicator 
(KPI)? At the very least, its value should indicate a point of key interest, but 
in addition its value should be comparable also by changing some of the basic 
conditions. Improving the meaningfulness of a performance indicator can be 
accomplished by referencing it with the main useful area or the rentable area 
and – simultaneously – the number of average occupants, e.g., 

 

𝐾𝐾𝐾𝐾𝐾𝐾.𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 =
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑐𝑐𝑐𝑐𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐸𝐸 [𝑘𝑘𝑘𝑘ℎ]

𝑐𝑐𝑚𝑚𝑐𝑐𝐸𝐸 𝑐𝑐𝑐𝑐𝐸𝐸𝑢𝑢𝑐𝑐𝑢𝑢 𝑚𝑚𝐸𝐸𝐸𝐸𝑚𝑚 [𝑐𝑐2]  ∙ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝐸𝐸𝑐𝑐𝑐𝑐 
 

 
At the same time, the performance indicators have to be adjusted for price, 

e.g., through the summation of the maintenance measures described in Table 
2. A fundamental disadvantage of a performance indicator is if evaluation is 
done only discretely (e.g. annually). 

The performance indicators listed in Table 2 were applied to 22 operative 
buildings in 2011, of which 13 were LEED certified buildings [8]. Except for 
the maintenance metrics, the LEED-certified buildings showed better 
performance values than for benchmarked standard buildings comparison 
values. However, the meaningfulness of such comparisons is difficult to 
evaluate.  

Operational processes of technical building management are carried out 
by people (FTE: full time equivalent) and available operation resources. 
However, the effort required to attain performance information and carry out 
these measures is not considered in analysing the processes. For example, the 
current energy demand due to digital access that occurs remotely can be 
entered into the direct and continual calculation of an energy-KPI. 
Furthermore, information capture can occur through manual reading of a 
meter that is then manually evaluated, visualised and analysed for trends. Both 
procedures result in clearly different efficiency and cost evaluations for the 
information capture and evaluation process. 

 The analysis of a specific process in technical building management must 
consider the level of automation and the number of FTE for running the 
specific process. The level of automation can be determined through the online 
available part divided by the total number of needed data points in a specific 
context. In information management process for example, this could be 
manufacturer and device type information of plant components needed for 
assignment of operating manuals, spare parts, etc. Focusing on a maintenance 
management process, the level of automation can differ even with the same 
plant component.  

In general, the level of automation (𝐾𝐾𝐾𝐾𝐾𝐾. 𝐿𝐿𝑐𝑐𝐿𝐿) of a process can be defined 
as:  

 

𝐾𝐾𝐾𝐾𝐾𝐾. 𝐿𝐿𝐸𝐸𝐿𝐿𝐸𝐸𝑢𝑢 𝑐𝑐𝑢𝑢 𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝐸𝐸 =
𝑐𝑐𝐸𝐸𝑢𝑢𝑐𝑐𝐸𝐸𝐸𝐸 𝑑𝑑𝑚𝑚𝑐𝑐𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝐸𝐸𝑐𝑐𝑐𝑐

𝑐𝑐𝐸𝐸𝑐𝑐𝑐𝑐𝐸𝐸𝑐𝑐𝑐𝑐 𝐸𝐸𝐸𝐸𝑢𝑢𝐸𝐸𝐿𝐿𝑚𝑚𝐸𝐸𝑐𝑐 𝑑𝑑𝑚𝑚𝑐𝑐𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝐸𝐸𝑐𝑐𝑐𝑐
 



The value 0 denotes a completely manual process, e.g., capture of all 
energy values through manual reading of the meters, or documenting the 
manufacturer and device type information by reading the name plate and 
manual provision of paper documents. The value of 1 corresponds to no 
manual activities in calculating performance indicators. These can be 
continually calculated, visualized and analysed through online access.  

The efficiency of the focused processes in this paper (𝐾𝐾𝐾𝐾𝐾𝐾.𝐾𝐾𝐸𝐸) can be 
described by multiplying the level of automation with the number of relevant 
plant components and division by the number of the FTE to run the process.   

 

𝐾𝐾𝐾𝐾𝐾𝐾.𝐾𝐾𝐸𝐸𝑐𝑐𝑐𝑐𝐸𝐸𝑐𝑐𝑐𝑐 𝐸𝐸𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝐸𝐸𝐸𝐸𝑐𝑐𝐸𝐸 = 𝐾𝐾𝐾𝐾𝐾𝐾. 𝐿𝐿𝑐𝑐𝐿𝐿 ∙
 𝐸𝐸𝐸𝐸𝑢𝑢𝐸𝐸𝐿𝐿𝑚𝑚𝐸𝐸𝑐𝑐 𝑐𝑐𝑢𝑢𝑚𝑚𝐸𝐸𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐸𝐸𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐

𝐹𝐹𝐹𝐹𝐸𝐸
 

 
The larger the value 𝐾𝐾𝐾𝐾𝐾𝐾.𝐾𝐾𝐸𝐸, the more efficient the considered process 

is. The number of relevant plant components needed to fulfil the functions 
indicates the scale of the plant components in technical building equipment.  

As an example for this, let us investigate a maintenance process with four 
relevant plant components for fulfilling the heating function (CHP, heat pump, 
boiler and storage tank). The number of maintenance relevant plant 
components, the ratio of online, available and meaningful maintenance 
information to the total number of necessary data points (𝐾𝐾𝐾𝐾𝐾𝐾. 𝐿𝐿𝑐𝑐𝐿𝐿) and the 
utilised FTE result in a value that describes the maintenance management 
efficiency. 

Naturally, 𝐾𝐾𝐾𝐾𝐾𝐾.𝐾𝐾𝐸𝐸 makes only sense in connection with context-specific 
KPI. For example, an essential parameter to determine maintenance efficiency 
is the availability of a plant component. It is calculated by dividing the mean 
time between failures (MTBF) by the sum of mean time to repair (MTTR) and 
MTBF. MTTR takes into account how quick repairs during plant shutdown 
are fulfilled, MTBF describes the efficiency of the maintenance strategy and 
the measures to maintain the functionality of the plant components. The value 
range is between [0...1].  

 

𝐾𝐾𝐾𝐾𝐾𝐾.𝑉𝑉 =
 𝑀𝑀𝐹𝐹𝑀𝑀𝐹𝐹

𝑀𝑀𝐹𝐹𝐹𝐹𝑀𝑀 + 𝑀𝑀𝐹𝐹𝑀𝑀𝐹𝐹
 

 
𝐾𝐾𝐾𝐾𝐾𝐾.𝑉𝑉 is a good example how meaningful performance indicators are 

without evaluating process efficiency. Providing a high availability of a plant 
component can be fulfilled by excessive preventative activities, plenty of 
inspections and high FTE impact for trouble shooting. Thus, process 
efficiency is low, even though the performance indicator will be excellent.    

4. Building automation and KPI provision 

Building automation describes all measures for automatic controls, 
monitoring and optimisation as well as operation and management of technical 



building services [VDI3814]. Next to business management systems, internal 
and cloud based information bases, building automation systems are the main 
sources for plant information. Concerning plant operation tasks, the BACnet 
standard provides a well standardised access to function blocks representing 
control & monitoring functionality [10].  

 

 
Fig. 3  Automation hierarchy and process KPI provision  

Already by today´s means of building automation, KPIs can be monitored 
continuously. This opens up online performance evaluations of operational 
processes, uncovers and visualises trends and could indicate measures to 
improve the processes in time. 



For example, the discussed performance indicator 𝐾𝐾𝐾𝐾𝐾𝐾.𝑉𝑉  can be 
calculated automatically by activating timer function blocks when BACnet 
notification classes indicate component malfunctions (MTTR) - in 
combination with the elapsed time of the binary block activating the 
component (MTBF).  

Other information sources like business systems (e.g., SAP) may deliver 
process costs, number of FTE working on a process, or cloud based 
information sources may deliver asset information like manuals, spare part 
lists, and repair instructions etc., other data bases or systems (e.g., access 
control) deliver mean occupants of the building, energy thresholds  

The provision of KPIs – as a functional part of a CAFM system – works 
only efficiently when standardised information and information access is 
available. Increased efforts for engineering the application – e.g. during 
commissioning or re-engineering – will impact 𝐾𝐾𝐾𝐾𝐾𝐾.𝐾𝐾𝐸𝐸. The larger the effort 
needed for modifying the applications, the lower 𝐾𝐾𝐾𝐾𝐾𝐾.𝐾𝐾𝐸𝐸 will be.  

In this context, automation of engineering activities by having 
standardised information models and interface technologies in place, will be 
one of the major challenges in the next years. Impacts of Industry 4.0 [11] in 
technical building management may support these activities.  

5. Extending certification schemes  

The analysis of existing green building labels showed that a common, 
reliable and measureable set of indicators to evaluate the performance of 
certified green buildings is not available today.  

Some examples of key performance indicators are presented in this paper, 
describing the performance of operational processes. Adding these to existing 
certification labels could help to improve and compare process performance 
in green buildings.  

Usually, investments to implement operational processes and their 
technical requirements subsequently in existing buildings are high in 
comparison to early consideration during planning phase. Fundamentally, 
decisions made in the planning phase determine the sustainability of the 
processes in operation phase. Online access to plant information, the 
determination, monitoring and visualisation of KPIs have to be foreseen 
during planning phase.  

Thus, green building certification schemes for new buildings have to add 
criteria like  

 online availability of information, or 
 digital communication available, or 
 connectivity to information bases 
 … 

Integrating key performance indicators that focus on operational 
excellence of green buildings into the certification process may ensure that 
well-planned and certified green buildings also perform well. 



6. Results & Summary   

The analysis of common green building labels showed that KPIs 
describing operational building performance are not available, as well as 
inconsistencies that exist in certification schemes concerning planning and 
operation performance. To improve this situation, a process-oriented view on 
operational processes delivers indicators describing process efficiency. These 
KPIs are suitable to monitor operational building performance by building 
automation measures. We propose a concept to extend existing certification 
schemes by adding new criteria for certification of green buildings. The next 
step will be the validation of the aforementioned KPIs on certified buildings.  
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