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 As part of Fusion 20, Daikin is actively investing to quickly respond to business environment possible
disruptors, namely formulating a response to the era of digitalization, IoT and AI

 The goal is to engage in full-scale business expansion of Air Conditioning Solutions business, which includes
Energy Service Solutions Business and IAQ & Air Environment Engineering businesses

Daikin Fusion 2020, Latter Half Daikin Environmental Vision, 2050



Introduction

 Within the Energy Service Solutions Business scope, one possible service is the aggregation of Air
Conditioning units to provide Demand Response / Demand Control

 Daikin has established partnerships w/ the energy sector and implemented several projects

- Aggregation of residential H/P to 
provide Demand Response

- Project completed

1. NEDO Manchester (2014-2016)

- Aggregation of VRF units w/ cold 
storage to provide Demand 
Response

- Conclusion phase

3. NEDO Portugal (2016～2020)

- Aggregation of H/P installed in 
public schools

- Micro-grid load adjustment

2. Flexible Local Grid (2016-2018)

- Daikin and Mitsui & Co. joint 
venture

- Assessment & development of 
new business models

4. Air-as-a-Service (2016～)
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2016.11.21

 3-year demonstration project being carried out in Lisbon, Portugal between Nov. 2016 and Mar. 2020

 Financed by NEDO (Japanese governmental agency), through a partnership with Portuguese government
(a public research institute, LNEG) and Lisbon City Council (CML)

 Project proposition: utilize AC systems (VRV) with cold storage units to adjust power consumption
according to requests from the electrical grid

Project Overview



Market Liberalization Roadmap
Source: https://eneken.ieej.or.jp/data/6606.pdf

Project Overview
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… Why Japan?

 Nuclear power shutdown and policy changes,
electric utilities’ fundraising and consideration of
financial markets. Motivation to learn from diverse
market mechanisms (EU / America)

 April 2016: Full market liberalization, including on
residential side. New framework for securing
supply (capacity) and creation of intraday market

 April 2020: Legal unbundling of utilities, mainly
regarding power generation and transmission
sectors

https://eneken.ieej.or.jp/data/6606.pdf


Project Overview

12/02/2020 7

… Why Lisbon, Portugal?

 Sustainable Progress of Decarbonization in
Portugal, investing in increasing Renewable
Energy Sources (RES) in energy mix

 Presently, RES (i.e. wind, hydro, biomass and
solar) accounts for more than 28% of total annual
energy consumption in Portugal

 The share of RES on the electricity sector in the
last years is around 60%. Occasionally, it has
surpassed 100% for a few days

Arthur Neslen, May 18th, 2016, 
The Guardian 
(https://www.theguardian.com) 

Lydia Smith, April 5th, 2018, 
The Independent (https://www.independent.co.uk) 

https://www.theguardian.com/
https://www.independent.co.uk/
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 Nov. 2016 – Mar. 2020

 4 installation sites in Lisbon

 36 VRV installed (8 and 10 HP)

 30 tank units (cold storage)

 PV installed:
- 63kWp @LNEG
- 15kWp @City Hall

Goals:

 Contribute to sustainability on a roadmap to clean and
smart cities

 Policy making and standardization on communication
protocols between systems

 Demonstrate the feasibility of Automated Demand
Response (ADR) in Portugal and throughout Europe

 Assessment on new business models by providing services
to electricity companies (e.g. TSO, utilities, Virtual Power
Plant, etc.) using this type of ADR systems

Project Overview
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 Multicultural project that brings together expertise and know-how on Smart Grid and Demand Response

Municipality of 
Lisbon

Energy and 
Geology R&D 
Institute in 
Portugal

Air conditioner 
manufacturing 
company

Main Consortium

Japan’s National R&D agency, responsible for promoting energy, environmental, and 
industrial technologies

Portuguese 
corporation in the 
energy, mobility & 
engineering sector

One of the largest 
energy operators 
in Europe

IT consulting & 
outsourcing 
company

ADR System Partners

Japanese trading 
company in several 
fields, including 
energy and IT

English corporation 
in engineering, 
design & business 
consultation field

Operator of 
one of Europe’s 
largest VPP

VPP System Partners
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“Project proposition: utilize Air Conditioning systems with cold storage 

Units as flexibility providers for the electric grid”

Flexibility refers to the capacity of modify electricity production and/or consumption patterns to accommodate

variability or fluctuations. It ensures the correct operation of the electrical grid.

 Intermittency of supply = grid instability

 Grid development is not synchronized

with the fast DER growth = reverse

power flows, grid congestion

 Volatile electricity markets

 Decarbonization through electrification

of key sectors

 Large-scale deployment of Distributed

Energy Resources (DER) on distribution

level: Decentralization of energy supply

 Technological progress on Digitalization

Trends Obstacles

But why has become increasingly important?



Project Overview

Proposition 1:

 Assess AC flexibility with cold storage tank units to minimize
building occupants’ discomfort during Demand Response

Proposition 2:

 Implement Demand Response events under distinct Use
Cases

Proposition 3:

 Assess the necessary requirements for each Use Case to
build a sustainable business model
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Daikin Cloud server

Database Optimized 
Control

Forecasts

3rd Party 
AggregatorTSO / DSO

Retailer

“Project proposition: utilize Air Conditioning systems with 
cold storage as flexibility providers for the electric grid”



Cold Storage Tank Units
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Conventional AC system (VRV):

 Utilize traditional energy shift strategies between
neighbouring hours (e.g. pre-cooling)

 Change temperature settings and interruption of air-
conditioning operation may occur in more extreme events:
end-user discomfort

 Use Case: peak demand reduction

Introduction of cold storage units:

 Enables smooth consumption shift

 Less curtailment on AC operation (i.e. setpoint, load control)

 Reduces possibility of interrupting air-conditioning during DR
events

 Use Case: Load levelling / Energy shift

During power shortage periods,
AC power consumption is
decreased by using cold-
storage (“Negawatt”)

During power surplus, AC
power consumption is
increased by producing cold-
storage (“Posiwatt”)

+C
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Mode 1: Cooling room(s) – AC Operation

Heating

Outdoor unitTank unitIndoor unit

Cooling

Mode 4: Use cold storage

Heating

Outdoor unitTank unitIndoor unit

cooling

Mode 2: Produce cold storage (Cooling Off)

Heating

Outdoor unitTank unitIndoor unit

Mode 3: Produce cold storage (Cooling On)

Heating

Outdoor unitTank unitIndoor unit

Cooling

Cold Storage Tank Units: Operation Modes



12/02/2020 14

Cold Storage Tank Units: Posiwatt

Results:

 When AC is only producing
cold storage, 1kW/tank in
use can be achieved

Results:

 When AC is in cooling
operation, the increase of
consumption goes up until
1.5kW/tank



Results:

 Reduction of 20% on VRV Heat Pump (2-pipe)

 Reduction of 40% on VRV Heat Recovery (3-pipe)
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Cold Storage Tank Units: Negawatt

↓20%

↓40%
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 Daikin provides the flexibility of air conditioning systems with cold storage and performs demand response upon
requests from the power grid (ADR system) or from an optimized schedule based on the spot market price (VPP
system)

 Efacec & everis (ADR system) and Next Kraftwerke (VPP system) send requests to Daikin according to forecasts
based on available data (i.e. weather, historical market data, etc.) and the estimated AC flexibility information

Use Cases



Use Cases: ADR System
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Automated Demand Response (ADR):

- Partnership w/ EDP (PT largest utility), Efacec (Electric solutions) 
and Everis (IT service company)

- AC consumption is adjusted to maximize renewables auto-
consumption on a micro-grid level or solve 
restrictions/emergencies on the grid

- Simulation of balancing services to the grid operator (TSO) 
based on electrical grid operations – Slow and Fast DR

- Daikin is responsible for providing the agreed flexibility upon 
request

Daikin -> Efacec:
Consumption & flexibility forecast

Efacec -> Daikin :
Sends a signal when:
- Renewables > consumption 
- (Simulated) grid emergency

③ Opt-in / Opt-out② DR Event

Event details:
- Start time
- Target consumption
- Duration

① Flexibility Forecast

Step 1: Day-ahead

Step 2: Until 5min before event

Response:
- Opt-in / Opt-out

Daikin -> Efacec:
Response
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Time 
[UTC]

Target
[kW]

Measured 
[kW]

Accuracy
[%]

13:00 9.6 9.0 93%

Figure: Power consumption and event targetTable: Accepted events

Example 1: Olivais, 26/08/2019
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Virtual Power Plant (VPP):

- Partnership with a German VPP, Next Kraftwerke (NXK), and 
Mitsui & Co. and Arup for business assessment

- AC System consumption is adjusted according to the price on 
the electricity spot market – trading to maximize profits

- Daikin is responsible for the prediction and forecast on AC 
power consumption and flexibility.

- NXK has full responsibility on electricity market operation and 
trade (including PV and building total consumption).

Daikin -> Next Kraftwerke:
Consumption & flexibility forecast

Next Kraftwerke -> Daikin :
Priority levels for energy shift

Daikin -> Next Kraftwerke:
Optimized final schedule

① Consumption / Flexibility Forecast

② Optimized schedule w/ priority

③ Final schedule

Use Cases: VPP System
Negotiation: day-ahead + intraday market auction time
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Time 
[UTC]

Target
[kW]

Measured 
[kW]

Accuracy
[%]

06:00 16.0 14.3 89%

07:00 24.0 19.1 80%

08:00* 25.0 16.1 64%

09:00 15.0 14.5 97%

10:00 13.0 13.3 98%

11:00 25.0 23.8 95%

12:00 21.0 19.4 92%

13:00 21.0 19.5 93%

14:00 17.0 16.6 98%

15:00 25.0 23.4 94%

16:00 18.0 17.5 97%

17:00 17.0 16.1 95%

18:00 16.0 14.3 89%

Figure: Power consumption and event target

Δt

Table: Accepted events

*Event: No success

Example 2 (Negawatt): Campo Grande, 30/08/2019
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Figure: Power consumption and event targetTable: Accepted events

Example 3 (Posiwatt): Campo Grande, 07/10/2019

Time 
[UTC]

Target
[kW]

Measured 
[kW]

Accuracy
[%]

11:00 16.0 14.2 89%

12:00 15.0 14.7 98%

13:00 13.0 12.6 97%

14:00 20.0 18.7 94%

15:00 13.0 12.3 95%

16:00 11.0 11.1 99%

17:00 9.0 8.7 97%

Δt
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Results

Figure: Typical response

Overview:

 Technically, Air Conditioning systems are capable to provide flexibility to different actors

 Time reaction of AC systems to an event below 5min

 Around 90% of the 1000+ events performed during the Summer 2019 have a consumption difference of
<2kWh , with an average accuracy of 85%

 Accuracy is highly dependent on day-ahead forecast (especially on City Hall case)

Figure: Accuracy results Figure: Accuracy per Event Type
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-0.5C

+1.3C

Results

How about end-user comfort?

 >95% events have a temperature difference
between +1.3C (negawatt) and -0.5C (posiwatt)

 Comfort questionnaires were also done to the
occupants.

 Most of people felt thermal comfort, while
satisfaction level was high

 On discomfort causes, comments were quite
diverse, not being able to pinpoint DR events to
be the sole cause of discomfort



Future Challenges:
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Business and Policy:

 Investigation of current and future trends on
Market Design, based on on-going deregulation and
harmonization on a EU

 Assessment of the flexibility value of heat pump as
part of a “flexibility ecosystem”

 Evaluate potential opportunities for long term
partnerships, which can explore different business
models and methods to test and roll out
technologies.

A few key issues:

Technical:

 Enhancing robustness of system solution, mainly on
the communication, control and measurement
levels

 Increase reliability of the exchanged signal values
between parties (i.e. forecasts, priority values,
schedules)

 It is technically possible to provide Demand Response with aggregated AC units under different Use Cases

 Technology is ready, however, DR-based business models have not yet been rolled-out in large scale

 The business case is there, but it is difficult for that value to be picked up solely by manufacturers, as they are only
part of the chain value



Future Challenges:
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“Technology is ready, DSM aggregation and market are moving towards it, but the price incentives 
for the end-user are still negligible or too low and do not reflect the need for flexibility.”



Conclusion:
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 Global demand for air conditioning and the energy needed to provide it will continue to grow for decades to come.

 Population and economical growth on a world-scale will be the main drivers

2) Air Conditioning is not only of the keys to mitigate climate change effects...

2. Decarbonization and electrification

 Europe consume half of its energy for heating and
cooling purposes.

 Most of thermal energy is produced from fossil fuels.

 Steps towards heating (and cooling) electrification is
required.

1. Energy Efficiency and Zero Energy Buildings

 Buildings are today responsible for 40% of energy
consumption in Europe

 Energy efficiency, digitalisation and automation,
labelling and setting standards will be crucial to
achieve environmental goals, such as Paris

1) Air Conditioning is not only intrinsic to modern society’s infrastructure…

3) But, it is also an asset to promote renewable integration and grid flexibility
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 Heat Pump technology, along with building thermal inertia can maximize self-consumption and provide valuable
flexibility to reduce renewables impact on the grid.

 To achieve EU 2050 Vision of a carbon neutral society, a paradigm shift from a building to a community-wide
perspective is needed

 Buildings have an untapped resource of flexibility and should be integrated in the electric grid
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Thank you.


