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4.4 Japanese version: Residential data collection system 

Access to the on line data collection system 
You can download the data measured by “HEED” at the following link: 
http://buffalonas.com/konasapporo2/ 
 
Description of the building/buildings monitored by the on line data collection system  
The northern views and the floor plans of the investigated house before/after the retrofit are shown in 
Figure 4.12. The description of the house is shown in Table 4.2. The house built in 1984 is two-story 
and made of wood located in Sendai, Japan. A cogeneration system (CGS) was installed in Nov. 2008. 
The insulation retrofit was started in Nov. 2009 and completed in Jan. 2010. After that, a 3.04kW 
photo voltaic system (PV) was installed in Feb. 2010. In Figure 6.8, annual energy consumption and 
CO2 emission before/after the installation of CGS and the insulation retrofit are shown. Energy 
consumption and CO2 emission decreased by 4% (4.3GJ) and 28% (2.32t-CO2) after the installation 
respectively. Energy consumption and CO2 emission decreased by 37% (40.1GJ) and 56% (4.57t-
CO2) after the insulation retrofit respectively compared with the results before the installation of CGS. 
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Figure 4.12  Floor plans and northern views (above:before the retrofit, below:after) of the 

investigated house 
 

Table 4.2  Description of the investigated house 
After the retrofit

Completion year Jan．1984 CGS：Nov. 2008 Jan．2010 (PV：Feb. 2010)
Investigation period Jan. 8, 2010～

Construction & Floor area
Heating transmission rate 1.2W/m2K
Equivarent leakeage area 2.1cm2/m2

Space heating
Space cooling
Cooking stove

Hot water supply Gas water heater
heating：oil

hot water & cooking：city gas
others：electricity

Gas-engine cogeneration system (& auxiliary boiler)

Energy source
heating & hot water：generated heat (& city gas)

cooking：city gas
others：electricity

3.6cm2/m2

Hydronic heating panels (all rooms)
Air conditioner (living)

Gas range

Before the retrofit

Jul. 21, 2008～Nov.18, 2009
Wooden two-story house (2×4 construction), 124.2m2

3.5W/m2K
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Figure 4.13.  Annual energy consumption and CO2 emission in the investigated house before and after 

the insulation retrofit 
 
Description of the on line data collection system 
The flowchart of the measurement and diagnosis system for energy saving and indoor healthy 
environment is shown in Figure 4.15. We named the prototype of the system “HEED” (Healthy 
Environment and Energy-saving Diagnosis system). This system is composed of “the real-time 
measurement system” and “the diagnosis system”. The development of “HEED” was promoted in 
each system, and the whole system was designed together. Finally, the system was installed and tested 
in an actual residential house, and the results were fed back to the development of the system. 
 
The system flowchart shows that energy consumption and indoor environments are measured by the 
real-time measurement system firstly. Secondly, the diagnosis system gives the occupants the real-
time and long-term diagnoses using the measured data. In addition, predictions of energy consumption 
in the cases of insulation retrofit, installation of high efficiency equipments and so on are made. The 
diagnoses and predictions stimulate occupants to act for energy savings. After that, the effects of the 
occupants’ acts are verified by measurements. 
 
The relation of the prototype system and relative equipments is shown in Figure 4.14 and Figure 4.15. 
The data measured by the measurement equipments are analyzed and displayed by the monitoring 
computer in the house (Real-time diagnosis). At the same time, the data are saved in a file server on 
the internet. After the data are stored to some extent (for a month or a year), the diagnosis system 
gives occupants long-term diagnosis and some advice. Moreover, the stored data can be browsed from 
outside. An estimator (at the present stage, the researcher) calculates energy consumption in energy-
saving cases and gives occupants the results. 
 



53 
 
 

・Measurement data of energy consumption and indoor environment
・Present diagnosis results
・Low carbonation plan and its effect

Basic information of the house 
（Family members, total floor area, room volume, structure of walls & windows etc.）

Verification of the 
effects of the system

Suggestion 
for occupants

Energy consumption according to
・Heat resource（electricity, gas, oil etc.）
・Use（heating & cooling, hot water 
supply, electrical appliances etc.）

Real-time measurement system

Indoor environment according to
・Measuring item（temperature, humidity, 
CO2 and TVOC concentration etc.）
・Room（living room, bed room etc.）

Energy consumption according to
・Heat resource（electricity, gas, oil etc.）
・Use（heating & cooling, hot water 
supply, electrical appliances etc.）

Real-time measurement system

Indoor environment according to
・Measuring item（temperature, humidity, 
CO2 and TVOC concentration etc.）
・Room（living room, bed room etc.）

Prediction ・Energy saving effect after insulation retrofit and installation of 
high efficient equipments
・Effect on improvement of indoor health environment and comfort

Present real-time diagnosis
・Comparative evaluation with standard and 
guideline of real-time measurement data

Present long-term diagnosis
・Evaluation with seasonal 
measurement data by month

Diagnosis system

Prediction ・Energy saving effect after insulation retrofit and installation of 
high efficient equipments
・Effect on improvement of indoor health environment and comfort

Present real-time diagnosis
・Comparative evaluation with standard and 
guideline of real-time measurement data

Present long-term diagnosis
・Evaluation with seasonal 
measurement data by month

Diagnosis system

 
Figure 4.14  Flowchart of the prototype system “HEED” 

 

Measurement equipments 
of energy consumption

Measurement equipments 
of Indoor environment 

Data logger 
& Net terminalInternet

Data server

Equipment with diagnosis and evaluate tool 
and database of standard and guideline

(1) Send data from the 
measurement system

(2) Long-term diagnosis 
and prospect from 
accumulated data 

(3) Send data of 
measurement and diagnosis 
and its effects

Home PC（（（（Measurement monitor））））

Display of measurement data 
and real-time diagnosis  

Figure 4.15  The relation of “HEED” and relative equipment 
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Description of the structure/ typologies /metering system used in the on line data collection 
system 
Development of measurement system 
Based on the previous studies and field measurements, the measurement equipments considered 
compositions, measurement items, measurement intervals and so on. The measurement system was 
easily made at low cost for existing houses. The development of the system was advanced while doing 
test experiments and measurements. The measurement equipments used in the measurement system 
are shown in Figure 4.16. 
 
The description of measurement items by “KNS-YHT” (a) is shown in Table 4.3. “KNS-YHT” 
measures mainly indoor air environments and has sensors of air temperature, relative humidity, CO2 
concentration and TVOC concentration in its body (�). Moreover, six optional sensors can be added 
at a maximum. In Figure 4.16, illuminometer and sensor to detect people (�) are added to “KNS-
YHT”. Both of “KNS-WP1” (b) and “KNS-WP2” (c) measure electric consumption. “KNS-WP1” is 
installed to a plug of household electrical appliance and measures electric consumption of the 
appliance. “KNS-WP2” is installed to the power distribution board and measures total electric 
consumption and so on. 
 
These measurement equipments have wireless Bluetooth (one of wireless communication standards 
for digital devices) devices and send the measured data to the monitoring computer in real time. The 
measurements can be done at one-minute intervals. However, the measurements had better be done at 
ten-minute intervals because of time lags of moving data. 
 

①①①①

②②②②

(a) KNS-YHT

(b) KNS-WP1
(c) KNS-WP2

 
Figure 4.16  The measurement equipments developed 

 
Table 4.3  Measurement items of “KNS-YHT” 
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Sensors Measurement items Number of ch.

Basic 
Air temperature, Humidity,

CO2 concentration, TVOC concentration 4ch.

Optional 

Illuminometers, Sensors to detect people,
City gas consumption, Globe thermometer,

Temperature & Humidity (to measure
vertical distribution etc.)   etc.

6ch.
(Max.)

 
 

(a) Top page (b) Present values in each room

(c) Indoor environment of a room (d) Electric consumption by use  
Figure 4.17  Typical screenshots of “HEED” 

 
Development of diagnosis system 
The diagnostic system consists of three parameters; “view of measurement data and real time 
diagnose”, “long term diagnose” and “proposal of improvement of building operation for energy 
saving with prediction results”. “View of measurement data and real time diagnose” not only can show 
in real time, but also can show the past measurement data on a day a week, a month, and a year. In 
addition, it evaluates each measurement item in real time based on measurement data, and encourages 
residents to improve their lifestyle. “Long term diagnose” evaluates items based on measurement data 
on a month and a year, and advises residents. The valuation items are the achievement ratio of comfort 
zone of the measurement item of indoor environment and comparison with the standard energy 
consumed, etc. In “proposal of improvement of building operation for energy saving with prediction 
results”, after comparing calculation value to measurement value, numerical analysis of improvement 
of building operation for energy saving is conducted based on long-term measurement data. In 
addition, the effective measure against energy saving is shown to residents. 



56 
 
 

 
Examples of typical screenshots in the prototype system are shown in Figure 4.17. (a) is an initial 
screen when "HEED" is started, and shows the floor plan and measuring situations, such as the present 
temperature and relative humidity. If the floor plan of (a) is chosen, the screen changes to (b) and 
shows the value such as the temperature and relative humidity of each room in the floor plan. In 
addition, by choosing each room in this plan, the detailed information on the room can be check. If 
one room is chosen, a screen as shown in (c) is displayed and show detailed measuring results such as 
only temperature and relative humidity in the room. In (d) the measurement result of power 
consumption are shown. In this screen, a time interval and the energy consumption for every apparatus 
can be changed. 
 
Description of the measured parameters of the on line data collection system – the link to Annex 
53 Subtask A 
 

Table 4.4  Database typologies 
Levels of monitoring Database parameters 
Level 1 (basic) Level 2 (intermediate) Level 3 (detailed) 

Electricity [kWh] 
(data frequency) 

- total electricity  
(10 min) 
 

- total electricity  
and split-up by: 
- cooking equipment 
- audio visual equipment 
- healthcare equipment 
- lightning & others 
(10 min) 

- electricity of each 
equipment 
(10 min) 

Gas [m3] 
(data frequency) 

- total gas  
(10 min) 

- total gas  
(10 min) 

- total gas  
(10 min) 

Comfort parameters 
(data frequency) 

- T living room, bedroom, 
outdoor etc. [oC] 
- Rel. humidity living 
room, bedroom, outdoor 
etc. [%] 
- CO2 concentration living 
room, bedroom etc. [ppm] 
- TVOC concentration 
living room, bedroom etc. 
[ppm] 
(10 min) 

- T living room, bedroom, 
outdoor etc. [oC] 
- Rel. humidity living 
room, bedroom, outdoor 
etc. [%] 
- CO2 concentration living 
room, bedroom etc. [ppm] 
- TVOC concentration 
living room, bedroom etc. 
[ppm] 
(10 min) 

- T living room, bedroom, 
outdoor etc. [oC] 
- Rel. humidity living 
room, bedroom, outdoor 
etc. [%] 
- CO2 concentration living 
room, bedroom etc. [ppm] 
- TVOC concentration 
living room, bedroom etc. 
[ppm] 
(10 min) 

Illuminometers 
(data frequency) 

- light turned on or off in 
living room, bedroom etc. 
(10 min) 

- light turned on or off in 
living room, bedroom etc. 
(10 min) 

- light turned on or off in 
living room, bedroom etc. 
(10 min) 

Sensors to detect 
people 
(data frequency) 

- occupancy in living 
room, bedroom etc. 
(10 min) 

- occupancy in living 
room, bedroom etc. 
(10 min) 

- occupancy in living 
room, bedroom etc. 
(10 min) 

 
“HEED” can be used to report and monitor measured information in any of the above categories. 
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4.5 German version: MoniSoft –the monitoring software 

Access to the on line data collection system 
MoniSoft is a monitoring application that runs on the user’s computer in the Java-Runtime-
Environment which is a System Requirement. If not already installed it can be downloaded here: 
www.java.com 
A DEMO-Version of MoniSoft itself can be downloaded from this site: 
http://www.fbta.uni-karlsruhe.de/enob/ANNEX53 
Username and password for download, installation and database access are: 
Annex53 / 4nnex5e 
The database behind the software is locked and cannot be changed. 
 
Description of the building/buildings monitored by the on line data collection system 
The demo-version of the software connects to a fixed sample database. It contains data in the time 
range from 01.01.2009 to 31.04.2009 for detailed charts and includes the year 2009 for larger scale 
analysis. The 2 sample buildings are fictional buildings. The data is compiled of real data of a building 
in Frankfurt build in 1968 and refurbished in 2007. Part of the data is generated and is not related to 
real values, but for demonstration purposes only! 
 
Description of the on line data collection system 
MoniSoft is a database driven monitoring software that is aimed mainly for research but which 
provides means to be configured for the use of laypersons. All data can be checked with plausibility 
parameters on import to the database. Special states, missing data, etc. will be shown in the charts as 
remarks which may be important if a certain time period is analyzed. The software 
interpolates/aggregates data of different (regular and irregular) time intervals, event data and even 
manual readings. Virtual sensors can be created to map the energy structure of the building. Charts for 
detailed analysis of building equipment include: typical time-based charts in combination with color-
bars for event data, scatter plots, carpet plots, frequency plots, and plots to compare different time 
periods. The data can be filtered by the values of other sensors (e.g. “if outside temperature > 15°C”),  
by day of week (e.g. “show only working days”) and by time (e.g. “show only from 7:00 to 18:00”). 
 
To compare buildings the user is free to create reference values of any type which will be used to 
compare the buildings in the respective usage category (e.g. “electrical energy”). Climate correction 
will be used for the categories the user selects. In addition to standard bar charts to compare the 
buildings, there is a building characteristics diagram which easily identifies buildings with capability 
for optimization. Most charts can be saved as chart-descriptions and regenerated later for different 
time periods. This can even be done automatically by a command line (e.g. to generate charts for web 
sites at night) or at the time when the software starts, with the data of the last couple of days 
(“favorites”). 
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Figure 4.18 Interface of the MoniSoft 

 
Description of the structure/ typologies / metering system used in the on line data collection system 
MoniSoft is an application based on the Java-Runtime-Environment which is freely available for 
almost every operating system. The software can be installed or just be downloaded and launched. A 
WebStart-Version may be built in the future. MoniSoft consists of its MySQL-database which is (can 
be) located on an online accessible server.  The Software itself acts a client which can be used on any 
number of computers. It has a GUI but some functions can be automated by a command line. 
 

 
Figure 4.19 MoniSof’s environment - Java-Runtime-Environment 
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At the moment data can be imported from CSV- or MON-files or directly to the database with external 
scripts (any programming language that has MySQL-drivers). MON files have three columns 
(Timestamp, value, sensor-id) which makes then efficient in buildings with irregular measurement 
intervals.  
 
MoniSoft is by design independent of any metering system, manufacturer or typology. The next 
picture shows a typical data flow. 
 

 
Figure 4.20 Typical data flow 

 
Description of the measured parameters of the on line data collection system 
There is no restriction whatsoever in the type, structure, detail and frequency of the measured 
parameters. The user can define his own structure / levels and organize the data. The online database 
holds data for the following sensors: 
 
Sensor Name Unit Factor Description Frequency 
WE01 °C 1 Outside air temperature 10 
WE02 % 1 Outside relative humidity 10 
WE03 lux 1 Illuminance north 10 
WE04 lux 1 Illuminance south 10 
WE05 lux 1 Illuminance west 10 
WE06 lux 1 Illuminance east 10 
WE11 m/s 1 Wind speed 10 
WE13 ° 1 Wind direction 10 
WE14 bool 1 Rain state 1 
W01 kWh 1 Heating energy for heating 10 
W02 kWh 1 Heating energy house B 10 
W04 kWh 1 Heating energy house A 10 
K16 kWh 1 Cooling energy 10 
T01 °C 1 Temperature of exhaust air 10 
C01 ppm 1 CO2-concentration in exhaust air 10 
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S03 kWh 0.01 Electrical energy 10 
S17 kWh 0.1 Electrical energy for House A 10 
S31 kWh 0.1 Electrical energy for House B 10 
S37 kWh 0.001 Electrical energy for lighting 10 
S43 kWh 0.001 Electrical energy for offices 10 
S50 kWh 0.001 Electrical energy for ventilation 10 
T04 °C 1 Room temperature room 102 10 
RF01 % 1 Relative humidity room 102 10 
C02 ppm 20 CO2-concentration room 102 10 
DD01 Pa 3 Difference in pressure (inside/outside) 10 
P01 bool 1 Presence detector room 102 1 
SS01o % 1 Sunshade position room 102  

 
4.6 Spanish version: Online database for multi-family residential buildings 

The present application of energy monitoring of multi-family residential buildings is located in 
Cerdanyola , Barcelona (Spain). The monitoring system is installed in two social residential buildings 
(constructed in 2009) with co-financing from the European Commission’s ICT Policy Support 
Program within the project eSESH . The objective of the application is development and provision of 
web-based Energy Awareness and Energy Management Services aiming to achieve energy savings by 
influencing on the human behavior. The services are directed to the tenants and to the housing 
company staff responsible for the building maintenance and management. 
 
The services are developed over an online database and offer access of tenants to detailed energy 
consumption data in different time scales. Some features of the services are the anonymous 
comparison with energy consumption of other tenants, previous period consumption comparison and 
personalized automatically generated energy saving tips according to tenant specific energy 
consumption pattern. 
 
Building description 
The energy monitoring system is installed in two multi-family residential buildings: the Cordoba and 
Clota street buildings. The Cordoba street building is 4 floor, with 24 equal size dwellings with area of 
77 m2   The Clota street building has 9 floors and 53 dwellings, each with area of 41 m2. The building 
architectural design follows high energy standard and includes series of energy efficiency measures as 
increased insulation and passive solar elements. Trombe-wall elements are incorporated in the façade 
of the Cordoba building, and glazed galleries are installed in the Clota building. Both buildings are 
provided with summer solar shadings and arrangements for natural crossed ventilation. The design, in 
principle, excludes the need for mechanical air-conditioning and by contract this is not permitted to be 
installed in the dwellings. Both buildings are provided with centralized solar systems for domestic hot 
water. Each dwelling is equipped with individual gas boiler with two independent loops for heating 
and domestic hot water. The cooking ovens use gas, and the rest of equipment is electric. 
 
Monitoring system 
The installed energy monitoring system is for individual (per dwelling) measurement of the energy 
consumption. The energy billing is also individual and is done directly by the electric and gas utility 
company with which the tenant has contracted the services. 
 
In order to assess different cost-benefit options, the energy monitoring of the dwellings is 
implemented at three levels of detail. The measured parameters range from overall electric and gas 
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consumption (first level), up to sub-metering of main electrical consumption, comfort parameters 
measurement (internal temperature, relative humidity, thermostat setting) (second level), and energy 
for heating, hot water, and solar system energy input for the third level of detail. Each level includes 
the measurements from lower levels of detail. All the measured data is stored on a web server and is 
available online. 
 
The monitoring system is heterogeneous and assures interfacing between different types of sensors 
and communication protocols. The total electricity consumption is measured using electricity meters 
installed in the supply control room of the buildings, and is recorded in 15 minute intervals.  The gas 
consumption measuring for the first level of detail is done by the gas utility company and the daily 
consumption data is transferred to the web server via FTP. For the detailed monitoring (levels 2 and 3) 
wireless sensors have been installed within the dwellings. The readings with frequency of 15 minutes 
are concentrated and send by gateways through internet to the web server. 
 
A scheme of the overall architecture of the system is presented below. 
 

 
Figure 4.21 Schematic overview of the on line data collection system 
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Figure 4.22 User interface of the online database 

 
Table 4.5 Three-level specification in the online database 

Levels of monitoring Database parameters 

Level 1 (basic) Level 2 (intermediate) Level 3 (detailed) 

Electricity [kWh] 

(data frequency) 

- total electricity  

(15 min) 

 

- total electricity  

and split-up by: 

- kitchen equipment 

- lightning 

- plugs 

(15 min) 

- total electricity  

and split-up by: 

- kitchen equipment 

- lightning 

- plugs 

(15 min) 

Gas [m3] 

(data frequency) 

 

- total gas  

(daily) 

- total gas  

(15 min) 

- total gas  

(15 min) 

Comfort parameters 

(data frequency) 

N/A - T living room, [oC] 

- T sleeping room, [oC] 

- T heat setpoint, [oC] 

- Rel. humidity sleep 

room, [%] 

(15 min) 

- T living room, [oC] 

- T sleeping room, [oC] 

- T heat setpoint, [oC] 

- Rel. humidity sleep 

room, [%] 

(15 min) 

Thermal energy [kWh] 

(data frequency) 

N/A N/A - heating energy 

- DHW energy 

- Solar energy 

(15 min) 

Dwelling occupancy  

(typical week, 3 holiday 

periods) 

number of occupants for 

each hour of the week 

and 3 holiday periods (no 

number of occupants for 

each hour of the week 

and 3 holiday periods (no 

number of occupants for 

each hour of the week 

and 3 holiday periods (no 
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 occupation) occupation) occupation) 

 
4.7 Summary  

So far, five online data collection systems, collected from Finland, China, Japan, German and Spain, 
have been reviewed. The user interfaces of those systems are summarized in the table below. 
 



64 
 
 

Table 4.6  Summary of different on-line data collection system 
 Main features User Interface 
Finnish 
version: 
vtt kulu  
For public 
buildings 
 

Versatile monitoring tools 

into standard web browsers!  

 

No installations - only 

access to internet will be 

needed.  

 

Updating of meter readings, 

analysing, reporting can be 

carried out over internet.  

 

Readings from smart meters 

and other data sources can 

be automatically transferred 

to the database of Kulu. 

 

Chinese 
version: 
Energy 
Sage 1.0 
For public 
buildings 

Electricity distribution 

system and energy 

consumption features of 

terminal equipment 

  

Multi-layer data collection 

system 

 

Breakdown of HVAC 

system electricity 

consumption 

 

Hourly data in one sub-

system of the data collection 

system 

 

Japanese 
version 
For 
residential 
buildings 

Real time measurement 

system: Energy 

consumption, Indoor 

environment 
 

Diagnose system: Real time 

diagnose, Long term 

diagnose,  

 
 

(a) Top page (b) Present values in each room

(c) Indoor environment of a room (d) Electric consumption by use  
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German 
version: 
MoniSoft –
the 
monitoring 
software 
For all 
buildings 
 

Unified, scalable database 
structure for all buildings 
 
automatic interpolation of 
different measure intervals 
 
calculation of specific 
consumptions with user 
definable reference values 

 
Spanish 
version: 
for multi-
family 
residential 
buildings 

Three levels system: 

The measured parameters 

range from overall electric 

and gas consumption (first 

level),  up to sub-metering of 

main electrical consumption, 

comfort parameters 

measurement (second level), 

and energy for heating, hot 

water, and solar system 

energy input for the third 

level of detail. 
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5. Alternative business models 

5.1 Background 

Measurement and monitoring of the building energy performance can be difficult and challenging due 
to, for example, technological issues, lack of expertise and poor communication between players 
during the building lifetime, building age, and building operation and maintenance economy. 
Technological issues in the building monitoring are caused by chosen monitoring platform and 
interoperability among equipment and the platform. Currently, different monitoring platforms for 
building energy management system (BEMS) have limitations related to number of measurements and 
storage of measurement history. Further, energy metering data from BEMS can be transferred further 
to energy monitoring platforms. Data from energy monitoring platforms are used by energy 
consultants, energy service companies, etc. Even though many manufactures of equipment claim that 
monitoring of the equipment is simple and open because the control unit of the equipment is 
interoperable with the BEMS platform, the communication between the equipment and BEMS can be 
problematic (Djuric et al. 2012). Consequently, energy data transferred to energy monitoring platforms 
can be changed, labeled wrongly, or lost due to different issues in the data transfer. As explained in 
Report 2 of Annex 47 (Annex 47 Report 2010), existing buildings pose additional constraints 
compared to new constructions. For new construction, monitoring may already be considered during 
the design phase and thus be integrated in planning HVAC systems and BEMS. In existing buildings 
this is not the case and monitoring has to build on the given system which is generally not geared for 
performance monitoring. Depending on the available measurement and data handling equipment the 
requirements and cost for additional installations can vary widely. Furthermore, in existing buildings 
problems typically arise from the HVAC system’s structure that can make additional installations 
difficult even impossible (Annex 47 Report 2010). 
 
On the other side, the building lifetime includes different players, such as, designers, managers, 
caretakers, users, owners, etc. Due to this diversity among the players and their expertise, there is a 
lack of communication between them. In addition, they have different interests about building, lifetime 
cost, and operation cost. For example, there are developers and contractors who are only interested in 
fast and chip development, without considering further lifetime and operation cost. On the other hand, 
big building owners, like governmental building owners or hotel chain owners, are interested to 
improve their buildings and decrease operation cost. However, BEMS with many measurements, a 
large history database, and a good user interface can be expensive. Depending on the building 
ownership relationships to a building, the interest in good building operation and maintenance can be 
different. Hence, the building ownership relationships, building owner and user expertise, and energy 
efficiency awareness can strongly influence the choice of monitoring platform. Regardless of all the 
above mentioned issues in performance monitoring, in order to properly maintain the building plants, 
it is necessary to develop tools that could encourage proper building operation and maintenance 
(Djuric et al. 2012). Based on all the above listed issues in energy monitoring and utilization of the 
energy measurement data, it is possible to develop some new businesses that would enable improved 
use of energy measurement data. Since there are two sides of this problem, technological and data use, 
two types of new business could be suggested: 
Program development for communication improvement and data transfer. 
Energy analysis and database development. 
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5.2 Program development for communication improvement and data transfer in building 
performance monitoring 

Monitoring systems for nuclear power plants, gas turbines, and oil industry are more advanced than 
building energy monitoring platforms. Communication technologies are in constant development. 
However, due to diversities in building industry, low economical possibilities, still not well established 
awareness of good building energy monitoring, advanced systems for building energy monitoring 
cannot have breakthrough in the market. Therefore, it is important to develop programs that can enable 
an open data transfer and manipulation. Currently, some open energy monitoring platforms are 
available on the market. However, most of these platforms are not capable to capture all the energy 
performance data. Reason for that might be difference in building age and installation of energy 
monitoring system or lack of interoperability between BEMS and energy monitoring platform. 
Therefore, it is necessary to enable a reach and safe data transfer from sensors to BEMS and further to 
energy monitoring platform with necessary data manipulation. Systematic approaches for the energy 
evaluation of data - that go beyond simple benchmarking - are often missing. Therefore it is often 
unclear to the building owner or operation staff which measurements (sensors) are necessary (Annex 
47 Report 2010). Therefore, one task within this business would be establishing relations with data 
from building, HVAC systems, and energy supply system. Unfortunately, still there is no available a 
general monitoring manual or standard (Djuric et al. 2010). The Japanese document Energy 
Performance Measurement Manual for Building Equipment gives good starting point for this work 
(MMPE 2005). Finally, it can be concluded that this business should cover: development of the 
generic energy performance data framework, enable data transfer among different applications, enable 
simple and open data manipulation, and give guideline on further use and data manipulation. 
 
5.3 Energy analysis and database development 

As mentioned in A Specifications Guide for Performance Monitoring Systems, those who evaluate the 
performance of buildings and their energy using systems have long known that it takes the attention of 
a knowledgeable and dedicated team to obtain the quality of data necessary to determine how well a 
building is actually performing as well as identify means for improving it. This team may include a 
measurement analyst, instrumentation vendors, an installation contractor and the owner’s staff. The 
problem is that buildings are not designed for measuring their performance. This is particularly true of 
flow. It is also believed that obtaining such data is a luxury; that it is not needed for system control or 
day to day operations (Gillespie 2007). Therefore, experiences and tools developed under this Annex 
53 have to be transferred further to enable a smart use of energy data. Regardless of decision level 
(planning, retrofitting, energy labeling), the same energy data are used for different purposes. The only 
difference in the energy data is their frequency and if and how they are normalized. These energy data 
are also coming from the same information source. Therefore, a new possibility for business can be 
organizing energy data for different purposes and producing relevant energy indicators. Owners of big 
building stocks have usually good energy monitoring data and good knowledge about their buildings. 
Their operation staff can make additional use of this available data. Energy service or savings 
companies could develop more sophisticated tools for estimation of their activities. High quality 
estimation of energy parameters could encourage energy contracts in building industry. 
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6. Conclusions 

Monitoring is fundamental when aiming at better knowledge and understanding of the energy behavior 
of buildings. Besides meters and/or sensors a typical monitoring system consists of three elements 
visualized in the Figure 6.1. This is based on metering guideline of U.S. Department of Energy [U.S. 
DoE 2007]. These main elements are data retrieval and collection, data transfer including also 
processing and storage of results. Very essential is also the delivery of produced information to 
various stakeholders in order to improve their awareness and motivation, which finally can lead to the 
real actions and measures. 
 

 
Figure 6.1 Basic elements of a monitoring system 

 
Until now, deficiencies in energy metering and consumption data have been an obstacle to 
comprehensive analysis and verification of the real energy performance of buildings. The situation is 
changing, however, with the current rapid introduction of the new automated meter reading 
technology (AMR) combined with modern ICT. Thousands of so-called “smart meter” systems, 
comprising an electronic box and communications link, are being installed all over the world The 
smart meter measures consumption electronically at short intervals (hourly or higher resolution) and 
can communicate this information to another devices or systems. These systems will provide energy 
users and other actors with timely information about their domestic energy consumption. Based on this 
kind of data the energy supplier, customer or service provider can view how much and when energy is 
used and, for example, where the greatest potential for savings may lie. On-going smart meter rollouts 
will create new possibilities for the development of monitoring systems, offering accurate and real-
time information for various stakeholders.  However lot of work for standardization and 
interoperability will be still needed to make utilization of smart meter data easier and more efficient. 
Something is going on in European union for instance and results will be available soon. However big 
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energy companies having often a monopolistic position on the market don’t have shown interests in 
opening the data for new actors. In addition there is also legal and privacy issues which must be solved 
before new type “open” services - typical nowadays in internet – will be seen in energy monitoring.   
.  
Besides energy data also information about influencing factors should be available for a well working 
monitoring. New (increasingly wireless) sensor technologies might offer cost benefit solutions for 
certain needs, but installation,  maintenance costs and other reasons have reduced their utilization in 
buildings for example. Sensor use has been commonplace in industry, cars and consumer electronics 
for a long time. However, mere baby steps have been taken in the fields of buildings, environmental 
monitoring and, in particular, healthcare. Sensor systems are usually installed where wires can easily 
be drawn. Where the construction of a wired network is impossible or too expensive, sensor network 
development has fallen by the wayside, brushed off with a statement that a wireless network will be 
solution for these applications. Though wireless sensor networks have been the subject of intensive 
research for two decades, very few have actually been built, with the exception of military applications. 
Unrealistic expectations placed on wireless sensors might be one of the reasons for the current 
situation. The future role of sensors and sensor networks is discussed more in details in an article of 
Heikki Seppä from VTT, which can be found in the appendix of this report. About non-intrusive 
appliance load monitoring system based on a modern kWh-meter, another article can be found in the 
separate report (Pihala, 1998). 
 
Mass production of sensors has leaded to dramatic decrease in sensor prices but installation costs are 
still at place. Especially in wireless applications also maintenance (like change of batteries) work and 
costs can put limitation for the use of sensors though they could offer flexible means for the 
monitoring of various environmental factors and occupation for example. Sensors are increasingly 
utilized in building automation systems (BAS) however, which are typical especially in office and 
commercial buildings and include also many functions of monitoring systems. However there is no 
common standard for the identification and format of the data measured and handled by sensors in 
BAS. Typically systems are closed and proprietary meaning that interfaces for data must be realized 
case by case. Because of their business models BAS vendors are often not interested in opening their 
data which hinders the integration of various data sources and systems. Collaboration of big building 
owners and other stakeholders would be needed to create common standards and definitions to be used 
in BAS projects enabling flexible use of the data for monitoring and other purposes. 
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