
DTUDate Title

DTU / ISTA Collaboration
Digital-twins from energy meter data, enabling continuous-
commissioning of heating and ventilation systems

1HeatCheck30.09.2022

Kevin Michael Smith
Associate Professor
DTU Construct
kevs@dtu.dk



DTUDate Title

Funded by Bjarne Saxhofs Fond
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Heating optimization in studio apartments 
based on modular construction



DTUDate Title

Housing

ScandiByg warehouse
Credit: https://www.building-supply.dk/announcement/view/125712/ny_losning_til_isolering_af_svanemaerkede_boliger
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SHORTAGES

Skilled labour

MODULAR CONSTRUCTION

Præsentationsnoter
Præsentationsnoter
Why am I focusing on modular construction?

Shortages
The proportion of construction companies reporting a labor shortage increased from 41% to 46% and is approaching record autumn levels, according to Danmarks Statistik.
Vacancy rate for rental housing fell to 3.3%, according to EjendomDanmark's latest vacancy report.

Major disruption – Modular construction – (McKinsey Report 2019)
European market could reach 130 billion euros by 2030, providing 22 billion per year in cost savings. 
Of this, MURB has a market potential of 45 billion (35%), with 6 billion in savings

Overall Benefits
Construction speed (and higher certainty)
Lower cost
Lower embodied emmissions
Less construction waste
Construction quality


https://www.building-supply.dk/announcement/view/125712/ny_losning_til_isolering_af_svanemaerkede_boliger
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Example: Almenbolig+ from KAB (since 2007)

• Row houses 
• Modular construction
• 16 departments 

(1278 dwellings)
• User-maintained
• Up to 30% cheaper
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Credit: https://www.mestertidende.dk/article/view/765586

Præsentationsnoter
Præsentationsnoter
Recent project in Amager had Svanemærket and received top marks for satisfaction (quick and no serious shortcomings)

https://www.mestertidende.dk/article/view/765586
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Boligfonden DTU’s student housing

• 491 student apartments
• Built by Scandibyg using

modular construction
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• Projektudviklingsprisen
• Next development is in 

Ballerup (299 apartments)

• BR18 Lavenergiklasse
• DGNB Gold-certified
• Nordic Swan Eco-label
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Every ~30 minutes
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491 similar modules
Only difference is window area

Includes the hallway and 
mechanical cabinet

Plus all installations 
and meters
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Metering order BEK no. 563

Evaporation meters may no longer be installed - only remotely read meters.

From 1 January 2027, all meters must be remotely read.
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Electricity (0.01 kWh) Space heating (0.1 kWh) Hot and cold water
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Digital twins for secondary services using ISTA data

• Improve commissioning (find faults, set controls)
• Heating 
• Ventilation

• Limit heat loss from open windows/doors

• Assess inter-apartment heating
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RELIEVING PAIN POINTS
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491 similar modules – Perfect for digital twins

SIMILAR:
• Geometries
• Material properties
• Radiant heaters
• Airtightness

• Ventilation rates
• Heating capacities

• Metered electricity use
• Metered heating

UNKNOWNS:
• Indoor temperatures
• Occupancy (emitted heat)
• Window-opening
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BASE APARTMENT MODEL UPDATE WITH DATA

Design values
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• Indoor temperatures

• Window opening behaviour

• Occupancy schedules

• 154 temperature and relative humidity sensors

• 106 window contact sensors

• 106 CO2 sensors

UPDATE WITH DATA

CREATING A DIGITAL TWIN OF THE APARTMENT

Update 
ventilation rates
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• Bathroom floor heating
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• Bedroom radiator

106 radiator 
heat cost 
allocators 

Disaggregated heating
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32 detailed heat meters 
(with flows & temperatures)

19 contact temperature sensors 
on the return risers
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A digital twin of the 
heating system

Update heating capacities
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Data connections to controllers
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Ventilation Heating

Facilitated by 
Neogrid Technologies
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Develop secondary services 
with minimal establishment cost
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Cloud analyticsEnvelope Heating 

DIGITAL TWIN

Ventilation 
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• Envelope
– High heat loss
– Overheating risk
– Mould risk

• Faulty heating
– Poor hydraulic balancing
– Stuck thermostatic valves

• Ventilation (apartment level)
– Improper airflows 

• Ventilation (central level)
– Insufficient heat recovery
– Excessive supply temperatures

• Indoor T & RH sensors

• Detailed heat meters

• CO2 sensors 

• Connection to ventilation unit
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MODEL-BASED FAULT DETECTIONEXTRA DATA SOURCES
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Optimal control

• Verified equations for apartment heat loss and heating 
= Minimum Tsupply curve

• Benefits: 
– Minimum supply and return temperatures while

maintaining thermal comfort
– Constrained heat loss with open windows/doors
– Accurate estimates of heat transfer between apartments
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Official project from Dec 2022 to July 2024
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HeatCheck
Grand Solutions project application (Innovation Fund Denmark)
Proposed budget: 14.6 million DKK
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AI-driven optimal heating of apartment buildings
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Coal

Surplus heat Waste

Wind

Geothermal energy

Sun

Biomass

2020 2028

Boiler

Biogas

Waste

Heat pumps Surplus heat

Seasonal heat storrage

30.09.2022 HeatCheck

Præsentationsnoter
Præsentationsnoter
This is happening in the DH sector right now

This is a slide from one of the partners in HeatCheck. It shows the challenges of district heating. Challenges that are similar for any small or big DH company across EU

In the coming years they need to diversify their heat sources.

But the necessary investments are very dependent on the supply temperature that the network needs to deliver in the future.

The profitability of the investments is highly dependent on the operating temperature. The lower temperature, the better the economy
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€14 billion / year
Source: IEA DHC Annex TS2 Final Report
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€300-350 million / year
Source: Henrik Lund et al. (2018)

30.09.2022 HeatCheck

Præsentationsnoter
Præsentationsnoter
In 2050, the DH energy market will be 950 TWh.

DTU co-authored reports that estimated total annual savings in DH networks in EU is 14 billion euro and in DK 300-350 million euro per year. 

Towards 2050, the total net present value is 200 billion euro. Based on the new energy crisis, these numbers are conservative.

The major driver of these potential savings is lower operating temperatures in the networks
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Low-temperature

Heat 
pumps

55ºC

25ºC

Generation Distribution Buildings

30.09.2022 HeatCheck

Præsentationsnoter
Præsentationsnoter
The DH network operators control supply temperature and hot water flow to meet the demand profiles of the buildings.

New low-temperature heat sources and renewable heat sources often requires large-scale heat pumps to be installed to raise the temperature to the network level.

The ambition of the entire industry – in order to reach the 4th generation DH - is to aim for optimal temperature levels of 55C and 25C.
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Low-temperature

Bottleneck

Heat 
pumps

Black box
?

90ºC

50ºC

Generation Distribution Buildings

30.09.2022 HeatCheck

Præsentationsnoter
Præsentationsnoter
But the buildings pose a barrier today, which forces the DH operator to raise the supply temperatures more than is strictly necessary.

As a basic example, HOFOR - a partner in HeatCheck - raises the supply temperature to 90C in their network during winter to secure the comfort for the end-users.

In this situation the buildings is a blackbox, creating a bottleneck that prevents lower operating temperature because of malfunctions and poorly operated heating systems.

The only practical tool we have is motivation tariffs, where good performance is rewarded and bad performance is penalized.
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HeatCheck: AI-driven optimal heating of apartment buildings
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ToolchainDigital twin Residential
heating

30.09.2022 HeatCheck

Præsentationsnoter
Præsentationsnoter

HeatCheck targets inefficient residential heating systems on a massive scale

-using existing data, digital twins and artificial intelligence

-we would deploy these methods and algorithms in a scalable, commercial-grade open-source toolchain to break down barriers so that district heating companies and heat cost allocator companies can offer new service tools to the housing owners


So lets dive into the details…
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5800
employees

60 million 
radio connected devices

13 million 
apartments wordwide

3900
employees

42 million 
radio connected devices

12.2 million 
apartments wordwide

30.09.2022 HeatCheck

Præsentationsnoter
Præsentationsnoter
HeatCheck targets the blackbox by leveraging the massive datasets of heat cost allocators that exists already today. The picture illustrates a Heat cost allocator, we all know it.

Today its only used to provide billing, and the heat cost allocator companies already maintain wireless networks for these. 

There are already millions of devices installed, but by 2027, EU binds all member states to provide transparent billing by metering the energy consumption of all radiators in multi-family buildings.
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From billing to 
innovative 
services

30.09.2022 HeatCheck

Præsentationsnoter
Præsentationsnoter
The existing HCA data allows us to visualize the heating distribution at radiator level. The data demonstrates where the heating is really used.

By combining HCA data and main meter data, we can build digital twins to identify malfunctions and poor performance almost real-time. We can calculate the performance gap to guide building operators and heat providers, and we can optimally control the substations. This is achieved without involving end-users directly and dealing with the uncertainty of end-users.
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Proof of concept (PoC)

30.09.2022 HeatCheck

Præsentationsnoter
Præsentationsnoter
The proof of concept is from a multi-family building from 1943, with no deep energy renovation, only change of windows to double-layer.

The POC was achieved by combining existing data from hca, energy meter data and models to create benchmarks for the heating system performance (lines). Experiments verified the benchmarks (dots).

The key insight here was that for 80% of the heating season, the supply temperature could be below 50C without compromising thermal comfort of the people living there.

This documents that we can achieve low temperature now. But of course this poc was done with support from researchers and dedicated building operators and was only applied to 1 building. 

In HeatCheck we will streamline the integration of data, improve and train the models to be more generic so we can target the majority of multi-family residences across the EU. 
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HeatCheck’s scalable value chain

B2B BeneficiariesData Infrastructure

Intelligence

Data sources

Heat cost allocators

District heating meters

Society

30.09.2022 HeatCheck

data data

data

Præsentationsnoter
Præsentationsnoter
HeatChecks scalable value chain – this is where HeatCheck really breaks new ground.

From the different data sources to the left, data is ingested into the secure data infrastructure of CenterDenmark, in turn exposing the data to B2B customers, breaking down barriers between the stakeholders. 
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HeatCheck’s scalable value chain

BeneficiariesData Infrastructure

Intelligence

Data sources

Heat cost allocators

District heating meters

Society

30.09.2022 HeatCheck

data data

data

value value

value

value

B2B

Præsentationsnoter
Præsentationsnoter
Now, the digital twins algorithms – the data intelligence from DTU and DTI – is embedded into the data pipelines of CenterDenmark. This will produce valuable insights and optimal control signals that the B2B customers can use to target inefficient heating operation together with the housing associations. The pipelines allow the solutions to be rapidly scaled.


We envision: a push-pull strategy towards commercialization
The Pull from housing association exists already today due to the financial incentive of motivation tariff that DH operators impose. As you know, the housing associations see the problems today but generally don’t have the resources to track the energy-inefficient installations.

The HeatCheck digital solution would help.

And it is pushed by: Heat cost allocators companies and DH operators that are given new tools for their forensic teams to go further into the buildings and find the bottlenecks for lower operating temperatures

New business opportunities will arise, and the companies can move from being just an energy or billing provider to become service providers. 
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District heating operators
• 10-20% energy savings (with HPs)
• Total savings in DK: €300-350 million/year
• Focused installer/technician visits - forensic team

Stakeholder impact

30.09.2022 HeatCheck

House associations 
• Reduction of penalties
• 10-20% cost savings from lower heating bill
• HeatCheck facilitates and extends forensic efforts
• Optimal control of heating substations

Præsentationsnoter
Præsentationsnoter
The main impact of HeatCheck is the breaking down of barriers and erosion of the data silos that prevents the heating sector from tapping into the potential.

For DH operators the value is:
-10-20 % energy savings from lower operating temperature and targeted retrofits amounting to 300-350 mio euro /year. These savings will come back to the end-users, and customers
-increase the reach of their forensic teams and make it possible for them to target many more buildings than through a manual process without much data

For Heat costs allocators the value is:
-they can will offer and sign additional contracts with additional performance service tools
-increase turn-over by 7% in the next 5 years
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R&D Excellence

30

NN:

30.09.2022 HeatCheck

Præsentationsnoter
Præsentationsnoter

The project is centered around three clusters in different locations, each covering the local the value chain.

The different locations and different stakeholders is a strength in the team. It makes it easier to address different settings and organisational differences, and it strengthens the quality and value of the HeatCheck output.



Project management

Users, value & markets
Validation Strategy

Mapping & 
Benchmarking

Data infrastructure
Platform dev. Toolchain dev.

Dissemination & communication

AI-driven heating control
Optimisation Automation

1

5
4

3

6

2

WP#    Leader 2023 2024 2025 2026

1st heating 
season

2nd heating 
season

3rd heating 
season

4th heating 
season

Execution

Præsentationsnoter
Præsentationsnoter

The project is structured with the heating seasons in mind.

WP1 is project management lead by DTU

WP2 is Mapping and Benchmarking and looks into the 10+ years of historic submeter data. This is important given the current energy crisis, as we do not need to wait for data. Time-to-market is very fast.

Soon after WP2 starts up, we start up WP5, to validate the initial benchmark calculations together with the users and the market.

As WP5 moves along it transitions into strategy, because the exact interface between the stakeholders (ie the DH, HCAs and housing associations) needs to be settled for robust business models to emerge from the project.

In WP4 DTU and DTI start developing the digital twins, which will be implemented in WP3 after the 2nd heating season, producing v0.0 of the HeatCheck toolchain.

Then over the span of two more heating seasons, the digital twins and analytic tools will be validated and implemented in WP3 until v1.0 is released

I WP3 CenterDenmark develops the platform, prepares the data pipelines and implements the data intelligence of DTU and DTI
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Thank you.
Questions?

32HeatCheck

Kevin Michael Smith
Associate Professor
DTU Construct
kevs@dtu.dk

Præsentationsnoter
Præsentationsnoter

Welcome to the presentation of HeatCheck.

Thank you for the invitation.

The team is here and we excited to present the HeatCheck project to the evaluation committtee
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Mitigation of risk
• Open-source toolchain
• Works on historic and new data. 10y of data is already available in many places.
• Minimally invasive data collection.

• GDPR
– Heating data already used for billing purposes and agreements with customers 

in place already
– Companies only provide anonymized data to third-party (DTU, DTI and CDK)
– CenterDenmark has the infrastructure and experience to ensure data security

3330.09.2022 HeatCheck

Præsentationsnoter
Præsentationsnoter

We are focused on risk management.

There are no critical partners except CenterDenmark. If, for some reason, it will be necessary, DTU can take over their budget and role and provide the infrastructure as an in-house service

Among the other partners –  in the event of drop-outs - the clusters can compensate for each other

In terms of data collection, the method and data collection is minimally invasive. Also we do not need to wait for data.

In terms of GDPR:
-CenterDenmark has the competences to secure the data pipelines
-Agreements already exists between companies and customers, and the data is already released for billing purposes
-Only anonymized data will go to third parties
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HeatCheck Summary

• HeatCheck will optimize and service heating systems in apartment buildings

• HeatCheck will develop a toolchain together with companies to provide 
them with new business opportunities

• HeatCheck will lower the operating temperatures in the DH network and 
minimize the risk of investments that any small or big DH operator needs to go 
through in the coming years

• For HeatCheck the time is now, considering the expected expansion of DH 
across all Europe and the directive on transparent billing

3430.09.2022

Præsentationsnoter
Præsentationsnoter
SUMMARY

HeatCheck will optimize and service heating systems in apartment buildings

HeatCheck will develop a toolchain together with companies to provide them with new business opportunities

HeatCheck will lower the operating temperatures in the DH network and minimize the risk of investments that any small or big DH operator needs to go through in the coming years

For HeatCheck the time is now, considering the expected expansion of DH across all Europe and the directive on transparent billing
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20-30% 
savings

10ºC Tsupply

Heat pumps

29.09.2022 HeatCheck
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Rørmosen – Reduction of supply and return-temp.
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