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Executive Summary 

Arup has carried an analysis of the applicability of the Organic Response (OR) 
lighting control system to the UK commercial buildings market. 

The OR system is an innovative interior lighting control system designed, developed 
and manufactured in Australia. It proposes a distributed sensing and lighting actuation 
approach where each luminaire integrates a wireless ‘sensor node’. Each sensor node 
includes a motion sensor, a photocell, a microprocessor and infrared transmitters and 
receivers for proximity based communication between each sensor node and its 
neighbours.  

This approach entails a system architecture that is entirely different than other 
networked lighting control systems.  

In our analysis, we have found that the following key advantages apply to the OR 
system: 

 With the inclusion of the sensor node in each luminaire, motion/occupancy 
and daylight sensing has a much higher resolution than other lighting control 
systems by default. This feature significantly reduces energy consumption 
and increases occupants’ comfort by eliminating the distracting and 
disturbing effects of motion sensors blind spots due to the errors in space use 
judgement that might happen at design stage such as ineffective positioning 
of ceiling sensors or changes in operation like reconfigurations in furniture 
layouts and space use.  

 As a result of the higher sensing resolution, the requirement to position and 
specify motion/occupancy sensors can be reduced or even omitted from the 
lighting and electrical designer’s scope and responsibility with the implication 
to require little or no lighting control design to specify and deliver an OR 
system. 

 The lighting control system behaviour emerges from the settings (scenes, 
maximum lighting, dwell time, daylight linking), device state and proximity 
between sensor node devices rather than from the declaration of groups and 
device relationships at commissioning stage and reliance on wired or wireless 
networked bus communication. 

 A basic and energy efficient operation of the system works automatically 
once the devices are installed and does not require any initial 
commissioning, whilst allowing further customisation and optimisation with 
a smart device application if required. 

 The choice of infrared communication between devices and the omission 
of physical lighting control data cabling enables the system to respond 
automatically to a change in space use and furniture layout without re-
wiring and re-commissioning. In the case of additional rooms and partitions 
being installed, the infrared communication is blocked by the partitions and 
walls, therefore acting as an automatic regrouping of the luminaires. 

 The OR system allows the user to ‘relay’ the configuration of one node to all 
the neighbouring nodes that can be reached in the area where the node is 
located using the smart device dongle and the OR app. This is an extremely 
simple and powerful on-site commissioning methodology, that simplifies 
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the configuration of the system and that we have found easier and more 
immediate to implement than the traditional head-end software approach. 
This direct communication to the sensor nodes, similarly to a remote control, 
also allows fine-tuning of each luminaire individually by the end user, 
catering for the specific visual needs of the individual building occupant. 

 The possibility for the end user and facility manager to implement 
changes and fine-tune the system enables building owners and operators to 
avoid maintenance calls and contracts for re-commissioning. 

 Desk calculations based on equipment datasheets and physical measurements 
have confirmed that the total parasitic load per luminaire in an OR system 
is typically lower than the total parasitic load per luminaire in a wired 
networked lighting control system. The possibility to de-energise the DALI 
ballast or driver with the OR sensor node and controller is a default feature of 
the OR system that implements best practice in lighting control. 

 Organic Response do not sell the lighting control products directly to end 
users but use a network of lighting manufacturers to execute the installation 
of the sensor nodes in the luminaires and provide installation documentation 
such as as-built drawings and building specific operation and maintenance 
manuals. This approach has the added advantage of eliminating any 
additional electrical work on site to install supplementary networked 
lighting control wiring, lighting control modules and equipment cabinets, 
minimising the electrical installation costs and space requirements for 
lighting control equipment.  

 In case of fluorescent lighting installations, the OR system includes a ‘lamp 
burn-in’ mode that for 50 hours disables the dimming features, operating the 
fluorescent lamps only at 100% or 0% to avoid shortening of the lamp life 
due to premature dimming. This is a unique feature of the OR system that can 
prolong the life of fluorescent lamps not only at installation time but also 
when re-lamping. 

We have also found that, by proposing a highly disruptive approach to lighting 
controls, the specification and integration the OR system might be challenging in 
some areas: 

 The sensor nodes are limited to communicate in installations where the ceiling 
to floor height is less than 3.7 m and the floor has a good degree of 
reflectivity. This applies to the vast majority of commercial buildings spaces, 
but when the architectural space is not regular and does not follow the 
common space categorisation into rooms, circulation areas, open spaces, etc. 
the installation of the OR system might not be possible. 

 When a high level of architectural and product design integration is required 
(for instance in decorative luminaires, small downlights, minimalist designs, 
etc.), the presence of the sensor node could have a visual impact that some 
architects and designers might judge inappropriate, despite its small 
dimensions. Nevertheless, in these circumstances the use of remote nodes may 
constitute a viable alternative. 

 In its current implementation and similarly to other proprietary systems, the 
OR system is a control system designed only for lighting applications, 
therefore information from sensors cannot currently be reused and shared 
with other building systems.  
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 The distribution of the OR system through the network of partners might 
be perceived like a limiting factor to independent lighting designers. With 
the increase of OR partners this situation will gradually change and designers 
should gain more confidence in specifying an OR system.  

 The OR system is currently capable of controlling interior luminaires only 
because the sensor node is an IP20 device which relies on specific space and 
installation constraints for infrared inter-device communication. 

 The OR system in its current implementation does not include a scheduler 
capable to trigger timed events based on an astronomical clock. This 
missing feature can however be implemented using the Ethernet gateway 
triggering features and connection to a building management system with a 
timer module and capable of Ethernet communication, resulting in cheaper 
installations (less hardware) but also in additional system integration. It can 
also be implemented using cloud services such as IFTT (If This Then That) 
and other emerging Internet of Things services, but this is currently left to the 
creativity of the designer. 

 Because of its distributed nature and emphasis on simplicity of installation, 
the OR system in its current implementation does not provide a head-end 
software node including a real-time visual representation of the system with 
lamp failure reporting and display of energy monitoring information at 
building scale.  

 Fine tuning by end user requires them to have the dongle and the smart 
device app, so it might be unlikely to be accessible to many users in practice 
unless this component is explicitly included in the design. 

 In the current OR system implementation, emergency luminaires cannot 
benefit from automatic testing and reporting features as indicated in BS 
EN 62034. In this respect, integration of emergency lighting luminaires 
including an OR node follows a ‘business-as-usual’ approach where:  

o Self-contained emergency luminaires including OR sensor nodes and 
controllers can be implemented similarly to traditional self-contained 
emergency luminaires using emergency changeover relays connected 
to emergency gear fed by a permanent power supply local to the space.  

o Centrally supplied emergency luminaires including OR sensor nodes 
and controllers can be implemented using emergency changeover 
relays connected to the central battery system. 

The start-up mode feature of the OR sensor node can however offer an 
alternative emergency lighting approach where all or some of the luminaires 
are powered by a local battery system (for instance a UPS) and are energised 
at a dimmed level during power failures. 

Based on these observations, by reviewing the OR system feature set and testing its 
equipment and a working installation in UK, we have concluded that a building 
including the OR sensor nodes and controllers in each luminaire, OR wireless wall 
switches and optionally the OR Ethernet gateway can fulfil all the recommendations 
and energy efficiency requirements indicated in BRE Digest 498, BREEAM and Part 
L2 of the UK Building Regulations.  

The only features that we have found lacking in the OR system are related to the 
automatic emergency testing and lamp failure reporting, as recommended in the 
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British Council for Offices Guide to Lighting. Such functionalities are useful in large 
buildings to simplify maintenance and reducing operational costs, but for smaller 
building installations the OR system already offers a valid alternative to incumbent 
networked lighting control systems. 

In conclusion, the strongest proposition of the OR system is the self-adaptability of 
the system and the reduction in re-commissioning effort, both elements that have the 
highest potential to realise lighting control systems that really work and deliver 
energy savings and user satisfaction. 
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1 Introduction 

This report is intended to produce an objective analysis and review of the Organic 
Response (OR) Lighting Control System. 

For this purpose it initially includes a comparison of the OR system against an open 
or proprietary networked lighting control and sensing architecture. 

The OR system features are subsequently presented and analysed in relation to their 
applicability for the UK commercial lighting market. 

The analysis included in this document is based on the following activities: 

 Review of the Organic Response datasheets and design documentation. 

 Review of the following reports provided by Organic Response: 

o Level 9 Darling Park Demo Site System Inspection report by Arup 
Australia, dated 4 September 2012. 

o Lighting control costing analysis by Umow Lai, dated 20 June 2014. 

o 134 William St. Case Study by Team Catalyst and Lighting, Art + 
Science, dated 22 September 2014. 

 A site visit to the Virgin office located in Manchester where the Organic 
Response system has been installed on one floor including a varied range of 
spaces (open office, kitchen, break-out, meeting rooms, corridors). 

 A test of the Demo node kit. 

 A small installation of the OR system in the Arup Light Lab in London. 
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2 Lighting control system architectures 

This section describes the generic system architectures of lighting control systems 
installed in commercial buildings with the aim to review the incumbent design 
practice and subsequently highlight the specific and distinctive features of the OR 
approach to lighting control. 

Schematic representations of the various system architectures are presented in order to 
clarify the differences in topology and connectivity of each solution in relation to a 
minimal system design that includes all the relevant elements of a lighting system: 

 Luminaires, lamps and drivers. 

 Wiring. 

 Sensors. 

 Lighting controllers / actuators. 

 User interaction devices. 
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2.1 Hardwired lighting circuits 

Hardwired switched circuits are the simplest form of lighting control in a building. 

This methodology has been the preferential and most cost effective means of 
electrical control of lighting for a long time. 

  

The following considerations apply to hardwired lighting circuits. 

 Hardwired lighting circuits 

Electrical wiring complexity and 

material use 

Circuits are physically connected according to 
control zones 

Data wiring complexity and material use Not applicable – There are no data wires 

Data bandwidth and speed 
Not applicable – There is no data/control 
communication 

Ghost / parasitic loads of control 

equipment 
Not applicable – There is no control gear 

Individual addressability and control 
of luminaires 

It is not possible to address luminaires individually 

Complexity of regrouping and 

reconfiguration 

Electrical work required to reconfigure circuits / 
control zones 

Equipment cost 

Little additional equipment required other than 
power distribution and hardwired sensing and 
control devices 

Installation and commissioning cost 

Installation and sometimes commissioning of 
individual sensors and switches in correspondence of 
control zone is required 

Suitability for retrofit applications Not applicable – this is the base case 

Impact on architecture and space 

requirements 
Minimal impact required for an electrical installation 

 

 

Figure 1 Schematic diagram of hardwired electric lighting circuits. 
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Hardwired lighting circuits can implement control strategies only with distributed 
equipment local to the lighting load to be controlled. For instance motion sensors 
need to be commissioned locally, with substantial costs in case of reconfiguration.  

In commercial buildings centralised control is generally not possible with hardwired 
lighting circuits. 

These are the main reasons why networked lighting control systems have been 
introduced in commercial buildings. 

2.2 Networked lighting control systems 

By connecting lighting control equipment using a separate data network, it is possible 
to implement strategies that achieve the following benefits: 

 Energy saving through timing, daylight linking and occupancy sensing. 

 Flexibility of building use through reconfiguration of the system 
functionalities. 

 Operation and maintenance improvements thought reporting of equipment use 
and failure. 

 Compliance with standards and building regulations. 

 Improved user control for safer and more productive workplaces. 

 Integration with building management systems and central management 
systems. 

2.2.1 Wired networked lighting control systems 

In commercial buildings in UK, lighting control is a subsystem of building controls 
that is typically considered independent (not usually connected to and actuated by the 
building management system). 

Analogue 0-10V signal or specific digital protocols such as DALI are used for the 
back-end/driver level communication and either proprietary or open low bandwidth 
protocols are used for front-end/backbone level communication. 

0-10V is a generic analogue control signal that is used in many control applications 
including dimming of lighting at driver/ballast level. 

DALI is a digital lighting protocol that provides either broadcasting of a digital 
dimming or switching signal (DALI broadcast) or individual addressability of each 
luminaire driver (DALI enumerated) within a local network of up to 64 node devices.  

The specification of DALI as the preferred back-end control protocol has become 
more widespread recently in UK, with the requirements dictated by energy 
regulations (UK Building Regulations, Part L, Conservation of Fuel and Power, L2A 
New Buildings other than Dwellings, L2B Existing Buildings other than dwellings), 
sustainability certifications (BREEAM, LEED, etc.) and design guidelines (BCO 
Guides) to include dimming and daylight linking in commercial buildings. DALI has 
also been recently extended to support additional networking features including the 
possibility to control tuneable colour temperature luminaires, to execute emergency 
lighting testing and to attach sensors and user interface devices to the DALI network.  
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At backbone / front-end level, many proprietary protocols have been developed by 
different lighting control manufacturing companies. Two open protocols have also 
become increasingly widespread for backbone networks: Lon and KNX. They both 
allow the possibility to network products from different manufacturers, require third 
party integrators for commissioning and allow to create building networks where 
different services such as lighting, HVAC and sensing can communicate over the 
same network. They both support different physical transport layers beyond LV 
twisted pair wiring, i.e. power line communication and radio frequency/wireless 
networks. 

Figure 2 presents a schematic diagram for a typical wired networked lighting control 
system. This lighting control system design requires to distribute wiring for both 
power and control signal to each luminaire. Sensors and user interface devices can be 
usually powered directly by the control wiring.  

A hierarchy of zone and area/floor controllers is located in risers or ceiling voids and 
distributed around the building to relay messages between luminaires, sensors and 
user interface devices. A gateway device sometimes including a web server protected 
by an enterprise firewall allows the information from the lighting network to be 
transmitted over a TCP/IP communication network and be accessed remotely via 
specific applications or web pages. 

The following considerations apply to wired networked lighting control systems. 

 Wired networked lighting control systems 

Electrical wiring complexity and material 

use 

Electrical wiring is simplified because it does not 
have to follow hard-wired switching or dimming 
requirements 

Data wiring complexity and material use 
Data wiring is introduced to add flexibility at the 
expense of more wiring material 

Data bandwidth and speed 

Data and control communication is generally 
based on serial protocols and measured in 
kilobits per second (kbps) 

Ghost / parasitic loads of control 

equipment 

Parasitic loads should be considered in the design 
because the choice of equipment has a strong 
influence on standby loads 

Individual addressability and control of 

luminaires 

Individual addressability and control of 
luminaires is one of the key advantages of this 
system 

Complexity of regrouping and 

reconfiguration 

Regrouping is possible, however re-
commissioning with specialist software or 
hardware tools is generally required 

Equipment cost 
There is an increase in equipment cost because 
of the additional control equipment 

Installation and commissioning cost 
There are additional installation, commissioning 
and re-commissioning costs 

Suitability for retrofit applications 
Additional wiring is required and would 
complicate the installation 

Impact on architecture and space 

requirements 

Additional wiring and equipment to be 
accommodated and often concealed 
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  Figure 2 Schematic diagram of a generic networked lighting control system 
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2.3 Converged power and data wired systems 

The traditional way of networking lighting controls using additional wiring offers a 
good level of reliability, however it has recently been challenged by alternative 
approaches that try to simplify installation and reduce costs whilst maximising the 
potential to implement individual device control and communication to realise a 
reconfigurable Internet of Things at building scale. 

2.3.1 Converged power and data systems using Ethernet wiring 

In this approach the AC power distributions stops in the electrical riser, server room 
or in power and data consolidation points, where centralised dimming is provided by 
remote ‘lighting/communication switches’ that provide power and data to the 
luminaires, sensors and user interfaces. 

Besides the standardised Power over Ethernet approach advocated by networking 
equipment manufacturers, proprietary approaches to power & data distribution over 
Ethernet have been proposed also by lighting control companies. 

One of the main advantages of this approach is the simplicity of connecting and 
disconnecting devices physically without the need of electrical work.  

The amount of wiring required for this type of installation is substantially higher than 
any other approach and the category of the Ethernet wiring needs to be checked to 
ensure compliance with both communications and power standards. 

   

Figure 3 Schematic diagram of a power and data system using Ethernet wiring (e.g. PoE). 
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The following considerations apply to Ethernet wired lighting control systems. 

 
Converged power and data systems using Ethernet 

wiring 

Electrical wiring complexity and 

material use 

Electrical wiring is converged with data wiring, however the 
amount of wiring could increase because each luminaire 
might need a dedicated power and data cable 

Data wiring complexity and 

material use 

Data wiring is converged with electrical wiring, however the 
amount of wiring could increase because each luminaire 
might need a dedicated power and data cable 

Data bandwidth and speed 
Higher data bandwidth and speed in the order of Megabit 
(Mbps) or Gigabit (Gbps) per second could be achieved 

Ghost / parasitic loads of control 

equipment 

Parasitic loads should be considered in the design because 
the choice of equipment has a strong influence on standby 
loads 

Individual addressability and 

control of luminaires 

Individual addressability and control of luminaires is 
possible and related also to the system connectivity 

Complexity of regrouping and 

reconfiguration 

Regrouping is possible and rewiring does not require an 
electrician 

Equipment cost 
There is an increase in equipment cost because of the 
additional control equipment 

Installation and commissioning 

cost 

There are additional installation, commissioning and 
recommissioning costs 

Suitability for retrofit applications 
Additional wiring is required and would complicate the 
installation 

Impact on architecture and space 

requirements 

Additional wiring and equipment to be accommodated and 
often concealed, more equipment in server rooms 
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2.3.2 Converged power and data systems using power line 

communication 

In this lighting control approach both AC or DC power and the communication signal 
are distributed to luminaires, sensors and user interfaces through the same wiring, 
where the communication protocol is encoded using a modulated carrier signal. 

This approach minimises the wiring requirements, the cost and the complexity of the 
electrical installation and is suitable for non-invasive retrofit installations. 

With individual addressability, this system can allow the reconfiguration of the 
devices with relatively simple reprogramming, however the market penetration of this 
type of system has been limited and the suitability for large building installations is 
not fully proven. 

 

    

 

 

 

 

 

 

 

Figure 4 Schematic diagram of a lighting control system using power line 
communication. 
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The following considerations apply to power-line lighting control systems. 

 
Converged power and data systems using power line 

communication 

Electrical wiring complexity and 

material use 

Electrical wiring is simplified because it does not have to 
follow hard-wired switching or dimming requirements 

Data wiring complexity and 

material use 
Data wiring 

Data bandwidth and speed 
Depending on the power line implementation, data speed 
can be slow or fast 

Ghost / parasitic loads of control 

equipment 

Parasitic loads should be considered in the design because 
the choice of equipment has a strong influence on standby 
loads 

Individual addressability and 

control of luminaires 

Individual addressability and control of luminaires is one of 
the key advantages of this system 

Complexity of regrouping and 

reconfiguration 
Regrouping is possible and no rewiring is generally needed 

Equipment cost 

There is an increase in equipment cost because of the 
additional control equipment however costs are generally 
lower than other wired control solutions 

Installation and commissioning 

cost 

There are additional installation, commissioning and 
recommissioning costs 

Suitability for retrofit 

applications 

Additional wiring is not required, only modification of 
luminaires 

Impact on architecture and 

space requirements 
Minimal impact similar to electrical installations 
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2.4 Wireless lighting control systems 

In this approach the communication protocol is distributed through a wireless data 
network. For reliability the wireless network is typically implemented with a mesh 
topology, where each node can pass the communication to the nearby nodes. 

The zone communication is coordinated by wireless area lighting controllers that can 
be located in risers, cabinets or ceiling voids. 

With this design the wiring requirements are minimised and individual addressability 
can allow the reconfiguration of the devices with relatively simple reprogramming. 

 

  

Figure 5 Schematic diagram of a generic wireless lighting control system. 
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The following considerations apply to wireless lighting control systems. 

 Wireless (radio frequency) lighting control systems 

Electrical wiring complexity and 

material use 

Electrical wiring is simplified because it does not have to 
follow hard-wired switching or dimming requirements 

Data wiring complexity and material 

use 
There is no data wiring 

Data bandwidth and speed 

Data and control communication is generally based on 
serial protocols implemented over a mesh topology with 
RF communication and measured in kilobits/s (kbps) 

Ghost / parasitic loads of control 

equipment 

Parasitic loads should be considered in the design 
because the choice of equipment has a strong influence 
on standby loads 

Individual addressability and 

control of luminaires 

Individual addressability and control of luminaires is one 
of the key advantages of this system 

Complexity of regrouping and 

reconfiguration 

Regrouping is possible and no rewiring is generally 
needed 

Equipment cost 

There is an increase in equipment cost because of the 
additional control equipment however costs are 
generally lower than wired control solutions 

Installation and commissioning cost 
There are additional installation, commissioning and re-
commissioning costs 

Suitability for retrofit applications 
Additional wiring is not required, only modification of 
luminaires 

Impact on architecture and space 

requirements 
Minimal impact similar to electrical installations 
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3 The Organic Response system 

Organic Response (OR) has introduced a totally distributed infrared based lighting 
control system that exploits the short range and proximity of infrared communication 
to create a hybrid sensor and lighting actuation mesh that exhibits a collective swarm 
behaviour. 

3.1 System architecture 

The system architecture of the OR system is summarised in the single line schematic 
diagram presented in Figure 6. 

OR relies on the operation of small sensor nodes incorporating motion detectors and 
photocells and integrated in each luminaire, and the short range infrared (IR) 
communication between luminaires fitted with the sensor nodes.  

In its simplest form, the OR system is composed by one or more sensor nodes 
integrated in luminaires. As soon as the luminaires receive power, the sensor nodes 
start communicating with each other creating a lighting mesh that is responsive to 
motion and illumination levels. Each node retains its ‘personality’ profile including 
brightness settings, triggering delays, etc. and the system works instantaneously 
without the need for commissioning engineers to program it. 

This simple and effective system architecture is what OR describe as the Tier 1 of 
their ‘Occupancy Information Cloud’ offer. The Tier 1 option concentrates on 
providing a ‘plug & play’ system. Additional functionalities can be expanded 
according to what OR defines the ‘Tiers of Simplicity’. For instance Tier 2 allows 
further tweaking (optimisation) of the system using a smart device connected to an IR  

Figure 6 Schematic diagram of the Organic Response system 
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accessory. Tier 3 allows further configuration and Tier 4 enables connectivity to cloud 
services for occupancy analytics and integration with other building services, 
according to the diagram shown in Figure 7 and Figure 8. 

 

Figure 7 Schematic of the Organic Response system in Tier 4 configuration 

Figure 8 Diagram showing the Organic Response Tiers of Simplicity 
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3.2 System components 

The OR system includes a small number of products as listed below. 

3.2.1 The sensor node  

The Sensor Node constitutes both the main sensing and the communication 
component of the OR system. It is extremely small in size and intended to be 
integrated inside luminaires directly by the OR partner manufacturers. 

It includes a motion detector, an ambient light sensor, infrared emitter and receiver 
and an LED status indicator, as shown in Figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 

The Sensor Node sends a switching or dimming signal to the OR controller P2 in 
order to control the light source inside the luminaire. 

Figure 9 The Organic Response sensor node 

Figure 10 Components included in the OR sensor node 
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It also communicates with the nearby nodes to relay information about dimming 

levels, state and programming modes. 

 

Only one type of motion sensor is provided with the node, with the limitation of 3.7 m 

of installation height from finished floor level. The sensing pattern for an installation 

height of 2.5 m is shown in Figure 10. 

It stores the node profile information such as maximum light output, personality, 
dwell time, daylight dimming, scenes and zones information. 

The following parameters can be configured for each sensor node. 

 

Parameter Sensor Node Default Sensor Node Available 
Settings 

Light Level -‐ Max 100% 0 – 100% 

Light Level -‐ Min 0% 0 – 100% 

Light Level -‐ Low 10% 0 – 100% 

Dwell Time 10min List of available dwell times 

Lowlight Time 10min List of available low light times 

Personality Open Floor List of available personalities 

Daylight Dimming Disabled Enabled / Disabled 

Motion Sensitivity High High / Medium / Low 

Burn In Mode Disabled Enabled / Disabled 

Zone 1 1 – 12 and X 

Dimming levels and scene exit 
strategy for the various scenes  

Various levels 
Exit on absence 

0 – 100% 
Absence, list of available dwell 
times 

IR Transmission Power 30% 0 – 100% 

Start-up Mode Auto mode Auto / Scene 0 -‐ 7 

 

Table 1 Sensor node configurable parameters 

Each sensor node operates individually according to its own ‘personality’ setting that 
relates to the nearby sensors and can be configured individually using the remote 
control.  

The ‘personality’ setting is at the heart of the OR system. It implements a specific 
‘swarm’ behaviour of a group of nearby sensor nodes and luminaires and puts it in 
context to the specific use of the space, for instance ‘open floor’, ‘corridor’, ‘closed 
office’, ‘store room’, ‘wallwash’, etc. In this way the commissioning of the system is 
highly simplified because it can be simply related to the lighting function. 

The sensor node also includes an RJ12 connector that can be connected to external 
control devices such as blinds to actuate control strategies on auxiliary external 
equipment. 
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Figure 12 Motion sensitivity zone of the OR sensor node 

Figure 11 The OR sensor node can be connected to a blind control system through the RJ12 
output 
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3.2.2 The detached sensor node housing 

The OR Detached Sensor Node Housing enables the installation of a Sensor Node 
remotely from the luminaire in a more conventional way that is familiar to most 
electrical installers and designers and when it is not possible to integrate the Sensor 
Node directly into the luminaires. In this way the Sensor Node and controller can 
switch a hard-wired circuit or dim and switch a DALI controlled circuit of luminaires, 
according to the schematic diagram shown in Figure 12.  

Functionally, the detached sensor node consists of two components: a mounting ring 
that fits to the ceiling and a metal or plastic housing into which the Sensor Node can 
be mounted. 

 

 

 

 

 

 

 

 

 

 
  

Figure 13 The OR detached sensor node 

 

Figure 14 Schematic diagram of detached Sensor Node installation 
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3.2.3 The sensor node link 

In the OR system each sensor node is designed to communicate to nearby nodes using 
IR signals which cannot pass through physical barriers such as walls.  

The OR Sensor Node Link is useful to connect sensor nodes that are separated by 
such barriers, for instance in the case of a fire door separating two parts of a corridor 
that is expected to work as one zone. The sensor node link creates a one-to-one 
communication path between the two connected sensor nodes. 

The cable length is restricted to 3 meters on each side of the link product. 

 

 

 

 

 

 

 

 

 
 

3.2.4 The controller P2 

The OR Controller P2 powers the sensor node with 5V DC and connects it to the 
luminaire ballast or driver, enabling switched and dimmed control of the luminaire.  

The sensor node transmits an analogue signal to the Controller P2 with the desired 
light level. This information is then transferred to luminaire ballast of driver using 
either the DALI or 1-10V protocols.  

 

Figure 15 Organic Response sensor node link 

Figure 16 Schematic wiring diagram for the Controller P2 
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3.2.5 The wireless wall switch 

Organic Response supports only one type of user interface: the OR wireless wall 
switch. 

 

 

 

 

 

 

 

 

 

 

 

 

The wireless switch is a battery operated device that can override the automatic 
functionality of the OR system in the local space where it is installed, for instance 
switching off the luminaires before the dwell time has expired, increasing or 
decreasing the lighting output or triggering scene pre-sets. 

 
  

Table 2 The OR wireless wall switch 
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3.2.6 The infrared dongle 

The OR infrared dongle is designed to be plugged in the audio socket of iOS or 
Android smart devices. Once the user has installed the Organic Response application 
on the smart device, the user can communicate to the sensor nodes by pointing the 
dongle to a specific sensor node while pressing the desired user interface button until 
the command has been received. 

 

3.2.7 The Ethernet gateway 

The OR Ethernet gateway allows third party systems such as Building Management 
Systems or A/V systems to trigger scene settings in the OR system on a group/zone 
basis or to return the luminaires to automatic operation. 

The OR Ethernet gateway receives the triggering commands using TCP/IP 
communication and provides power to the connected sensor node that must be 
attached to the gateway to translate the TCP command into sensor node format. 

One Ethernet gateway is required for each area of the building where sensor nodes 
can communicate freely. Each isolated zone (for instance different building levels) 
needs its own Ethernet gateway. 

Table 3 The OR infrared dongle 
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At the moment of writing, the Ethernet gateway does not implement communication 
of the status information of the OR sensor nodes and Occupancy Information Cloud.   

Table 4 Wiring diagram for the OR Ethernet gateway 
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3.3 Design considerations 

3.3.1 Main system features and design constraints 

Organic Response offers a complete commercial lighting control solution for single 
height regular building spaces that implements a distributed sensing and actuation 
paradigm, where device behaviours are stored in each sensing and actuation node and 
nodes relay information in a proximity based, peer-to-peer configuration.  

This system architecture, coupled with the choice of infrared communication between 
devices, is extremely different than what is provided by any other networked wired or 
wireless control system. For this reason the comparison between the OR system and 
incumbent lighting control systems can only be done on the basis of functionalities 
and not on the specific equipment choice and like-for-like benchmarking. 

The OR system provides a minimal set of hardware devices where each component 
has a clearly identifiable function (sensor node, controller, etc.). This product design 
approach has a strong impact on the simplicity of design, specification and 
implementation of an OR system installation.  

The design and operation documentation of the OR system and the user interface of 
the smart device app are all based on the description of practical user scenarios and 
aimed at the operation of the end user. 

In an OR system, luminaires equipped with sensor nodes and controllers can store 
information in relation to 12 groups / lighting control zones and 8 scene settings. 

3.3.1.1 Communication protocol 

The communication between sensor nodes uses infrared signals that are emitted by 
the sensor nodes and bounced on the building floor to reach neighbouring sensor 
nodes. The communication makes use of a proprietary protocol whose documentation 
is not open to the public. 

The programmable Ethernet gateway is the only OR device that can provide 
integration with audio-visual equipment and with the building management system, 
by allowing such equipment to actuate scene settings.  

It is understood that at the moment of writing OR is working on an open application 
programming interface (API) that has the potential to unlock further integration 
opportunities and provide real-time system feedback information. 

3.3.1.2 Physical constraints 

The key physical constraint of any OR system installation are the following: 

 The vertical distance between the floor and the height at which the sensor 
nodes are installed should be between 2.7 and 3.7 m. 

 The horizontal distance between sensor nodes should be between 1 and 3 m. 

 Ambient room temperature should be between 0 ºC and 60 ºC. 

 Some floor materials and dark finishes that are too absorptive might interfere 
with the infrared communication, but typical flooring materials such as carpet, 
linoleum, timber, laminate, tiles, polished concrete work well. 
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As such, the OR system provides a lighting control solution that can be easily 
implemented in the majority of regularly shaped commercial buildings. 

The size of the OR sensor node is extremely small if compared with traditional 
motion and photocell sensors used in lighting control systems. Despite these small 
dimensions, when a high level of architectural and product design integration is 
required (for instance in decorative luminaires, small downlights, minimalist designs, 
etc.), the presence of the sensor node could have a visual impact that some architects 
and designers might judge inappropriate for the visual experience of the space. In 
these circumstances the use of remote nodes may constitute a viable alternative, but it 
will still be subject to the 3 m maximum distance limitation of the sensor nodes. 

3.3.1.3 Wiring and cable runs  

In the OR, the main advantage offered by the infrared wireless communication is the 
omission of lighting control data cables. This translates directly in lower installation 
costs. 

3.3.1.4 Distance between devices 

Provided that the maximum distance between sensor nodes does not exceed 3 m, there 
is no limit on the extension of a lighting control zones where sensor nodes can 
communicate with each other. 

3.3.1.5 Optimisation of the number of required control devices 

The ideal OR system includes one sensor node and one controller per luminaire. 

OR systems don’t require any zone controller or other lighting control backbone 
infrastructure. This enables to free risers and equipment rooms from lighting control 
equipment. 
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3.3.2 Energy consumption, including parasitic load 

The following table includes a comparison between the parasitic load associated with 
a notional networked control system based on DALI drivers, sensors and controllers 
and the one associated with an OR system. 

 Component 
Component 
parasitic load  

Number of 
controlled 
luminaires 

Normalised 
parasitic load per 
luminaire 

     

Networked 
lighting control 
system and DALI 
drivers/ballasts 

DALI sensor 115 mW 6 19 mW 

DALI controller and DALI power supply 13000 mW 64 203 mW 

Total     222 mW 

Annual parasitic load (365 days and 24 
hours)     1.94 kWh 

     

Organic Response 
infrared 
communication 
lighting control 
system 

OR sensor node 64 mW 1 64 mW 

OR controller (excluding sensor node) 116 mW 1 116 mW 

Total     180 mW 

Annual parasitic load (365 days and 24 
hours)     1.58 kWh 

     

     

 DALI fluorescent ballast (36W lamp) 5000 mW 1 5000 mW 

 

Annual parasitic load with DALI controller 
without relays (assuming 365 days and 24 
hours of daily operation)     43.80 kWh 

 

Annual parasitic load with Organic 
Response system with embedded relays 
(assuming 365 days and 16 hours of daily 
operation)     29.20 kWh 

     

 DALI LED driver (30W lamp) 500 mW 1 500 mW 

 

Annual parasitic load with DALI controller 
without relays (assuming 365 days and 24 
hours of daily operation)     4.38 kWh 

 

Annual parasitic load with Organic 
Response system with embedded relays 
(assuming 365 days and 16 hours of daily 
operation)     2.92 kWh 

The evaluation of the parasitic load from a networked control system has been based 
on the analysis of DALI equipment datasheets. The average figures shown in the table 
indicate that the OR system achieves at least a 20% reduction in stand-by / parasitic 
energy consumption in comparison to a fully connected networked control system 
with DALI controllers and sensors. 

The OR controllers also include relays to de-energise the drivers and ballasts that are 
connected to them. This best practice approach ensures that, with the assumption of 
16 hours of daily lighting operation, over 30% of parasitic energy reduction can be 
achieved in comparison to a networked control system that does not include relays to 
de-energise DALI ballasts and/or drivers. 
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The Arup inspection report on the OR installation in Level 9 Darling Park has 
confirmed that the implementation of the lighting control strategy with the OR system 
achieves high levels of energy reduction.  

3.3.3 Programming and commissioning 

Programming and system commissioning is one of the areas of innovation for Organic 
Response.  

In the OR system, the lighting control behaviour emerges from the settings, device 
state and proximity between sensor node devices rather than from a compulsory 
declaration of groups and device relationships at commissioning stage and reliance on 
wired or wireless networked bus communication. 

A basic and energy efficient operation of the system works automatically once the 
devices are installed and does not require any initial commissioning, whilst allowing 
further customisation and optimisation with a smart device application, if required. 
This application runs on smartphones and tablets connected to the infrared dongle and 
does not necessitate to be operated by a trained engineer. This possibility for the end 
user and facility manager to implement changes and fine-tune the system enables 
building owners and operators to avoid maintenance calls and contracts for re-
commissioning. 

Because of its distributed nature and emphasis on simplicity of installation, the OR 
system in its current implementation does not provide a head-end software node 
including a real-time visual representation of the system with lamp failure reporting 
and display of energy monitoring information at building scale.  

The choice of infrared communication between devices and the omission of physical 
lighting control data cabling enables the system to respond automatically to a change 
in space use and furniture layout without re-wiring and re-commissioning. In the case 
of additional rooms and partitions being installed, the infrared communication is 
blocked by the partitions and walls, therefore acting as an automatic regrouping of the 
luminaires. 

The OR system allows the user to ‘relay’ the configuration of one node to all the 
neighbouring nodes that can be reached in the area where the node is located using the 
smart device dongle and the OR app. This is an extremely simple and powerful on-
site commissioning methodology, that simplifies the configuration of the system and 
that we have found easier and more immediate to implement than the traditional head-
end software approach. This direct communication to the sensor nodes, similarly to a 
remote control, also allows fine-tuning of each luminaire individually by the end user, 
catering for the specific visual needs of the individual building occupant. 

The OR system in its current implementation does not include a scheduler capable to 
trigger timed events based on an astronomical clock. This missing feature can 
however be implemented using the Ethernet gateway triggering features and 
connection to a building management system with a timer module and capable of 
Ethernet communication, resulting in cheaper installations (less hardware) but also in 
additional system integration. It can also be implemented using cloud services such as 
IFTT (If This Then That) and other emerging Internet of Things services, but this is 
currently left to the creativity of the designer. 
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3.4 Sensing 

Conventional lighting control systems require a carefully designed zoning/grouping 
arrangement of the luminaires where each zone is linked to appropriate motion and 
photocell sensors to actuate dimming and switching strategies based on daylight 
ingress and space occupancy.  

The lighting control zones are identified at design stage and their successful operation 
relies on the appropriate positioning of sensors. If the space use changes or if errors in 
positioning the sensors have occurred at design stage, it can be costly to rectify the 
situation: existing sensors might have to be moved and re-commissioned and new 
sensors might have to be installed and commissioned, involving both electrical and 
lighting control programming work. 

With the inclusion of the OR sensor node in each luminaire, motion/occupancy and 
daylight sensing has a much higher resolution than other lighting control systems by 
default in an OR system. This feature significantly reduces energy consumption and 
can increase occupants’ comfort by eliminating the distracting and disturbing effects 
of motion sensors blind spots due to the errors in space use judgement that might 
happen at design stage.  

As a result of the higher sensing resolution, the requirement to position and specify 
motion/occupancy sensors can be reduced or even omitted from the lighting and 
electrical designer’s scope and responsibility with the implication that little or no 
lighting control design is required to specify and deliver an OR system. 

3.5 Lighting control logic  

In UK, BRE Digest 498 (Selecting lighting controls) provides guidance for selecting 
lighting controls in order to comply with the Building Regulations Part L2A and L2B. 

It classifies several different types of areas when considering lighting control by 
looking and the way the space is used and how people expect the lighting to be 
controlled: 

 Owned spaces: small rooms for a few people, where it is expected to manually 
control the lighting. 

 Shared spaces: multi-occupied areas where people expect to control the 
lighting in their own areas. 

 Temporarily owned spaces: the occupants expect to operate the lighting 
controls while they are there. 

 Occasionally visited spaces: occupants only spend short periods in these 
spaces. 

 Un-owned spaces: individual users do not expect to operate lighting controls 
but expect the space to be lit. 

 Managed spaces: someone controls the lighting and occupants are not 
expected to operate the lighting control. 

According to this classification, the BRE document recommends the most appropriate 
types of occupancy control, which can be one or a combination of the following: 
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 Manual control 

o Manual by door 

o Centralised manual control 

o Local manual control 

o Flexible manual control 

o Key control 

o Manual scene setting 

 Time control 

o Time switching 

o Programmed scene setting 

o Timed off manual on 

o Timer control 

 Occupancy control 

o Presence detection 

o Absence detection 

 Daylight linked control 

o Photoelectric control 

o Solar reset 

The Organic Response app embeds the control logic by configuring different aspects 
of how the control node reacts: 

 Auto mode / manual mode. 

 Maximum and minimum light levels: The maximum light level caps the 
maximum level of light that a luminaire will emit. This is an important setting 
for maintaining both occupancy comfort and energy savings. Many luminaires 
emit much more light than is required for the area they service and the tasks 
being performed beneath them. The minimum light level is the state an OR 
enabled luminaire enters once there is no occupancy in the area. 

 Dimming level: in manual mode, the level of light output being delivered by 
the luminaire is a result of pressing the Dim +/- button in the OR app. 

 Zones: in an OR zone, different luminaires within communications distance 
are allowed to pass messages between each other, therefore working 
homogeneously. 

 Scenes: scenes implement a temporary lighting configuration that maintains 
light at preset levels and ignores occupancy. For example a meeting room may 
require lights to be at a specific level for presentations. 

 Dwell time: the system dwell time refers to how long it takes for a luminaire 
to dim down to the minimum light output state after an area becomes vacant. 
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 Daylight dimming: Daylight Dimming allows each luminaire to dynamically 
respond to ambient light levels, and reduce its own output to maintain the light 
level required by occupants.  

 Simulated wall switch: the app can simulate the operation of the OR Wireless 
Wall Switch to allow manual control. 

 Personality: this functionality defines how the lighting responds to occupancy 
depending on the proximity of sensor nodes. The sensor node personality 
menu is shown in Figure 17. 

We have found that, with the exception of key control, it is possible to implement all 
the manual, occupancy and daylight linked control strategies with a combination of 
sensor node settings. 

The OR system in its current implementation does not include a scheduler capable to 
trigger timed events based on an astronomical clock. This missing feature can 
however be implemented using the Ethernet gateway triggering features and 
connection to a building management system with a timer module and capable of 
Ethernet communication, resulting in cheaper installations (less hardware) but also in 
additional system integration. It can also be implemented using cloud services such as 
IFTT (If This Then That) and other emerging Internet of Things services, but this is 
currently left to the creativity of the designer. 

 
 

Figure 17 Sensor node personality settings 
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3.6 Building regulations 

In UK, Building Regulations are the mechanism that ensures that the government 
policies for the construction sector are implemented. 

The Building Regulations requirements are scheduled in 14 separate headings from 
Part A to Part Q, covering all the regulated aspects of construction. For each part, 
approved documents are available online. They are not legally binding, but present 
the expectation of the UK Secretary of State on the standards required for compliance 
with the Building Regulations. 

Part L – Conservation of Fuel and Power – has introduced legislation to reduce 
energy consumption in both domestic and commercial buildings and has 
consequences for the design of lighting controls. 

3.6.1 Part L 

Part L was last revised in 2013 to comply with the European Union Energy 
Performance of Buildings Directive in order to regulate emission rates of carbon 
dioxide according to the European reduction targets. 

Part L focuses on ventilation, fuel conservation, lighting, lighting control, insulation, 
heating systems and the use of energy metering equipment. 

There are four approved documents in Part L: L1A, L1B, L2A and L2B. The 
approved documents relevant to commercial buildings are: 

 L2A - New Buildings other than Dwellings, and 

 L2B - Existing Buildings other than dwellings. 

Part L2 recommend to follow the guidance in BRE Digest 498 Selecting lighting 
controls and requires the use of lighting systems that are significantly energy efficient 
and lighting controls play a key role in achieving this.  

If no controls are fitted in the building, the minimum lighting system efficacy 
required is currently 55 LL/cW (luminaire lumens per circuit Watt) averaged over the 
whole area for general lighting. The implementation of particular types of lighting 
control strategies provides an efficiency reduction factor to the designer that allows 
use of less efficient luminaires. The regulations permit ‘control factors’ down to 0.70, 
allowing use of luminaires with efficacies of 42 LL/cW according to the following 
table: 
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General lighting in office, industrial and 

storage spaces  
  

Initial luminaire  

lumens/circuit-watt  

60   

Controls    
Control 

factor  
  

Reduced luminaire 

lumens/circuit-watt  

a daylit space with photo-

switching with or without 

override  

0.90   54   

b daylit space with photo-

switching and dimming with 

or without override  

0.85   51   

c unoccupied space with auto 

on and off  
0.90   54   

d unoccupied space with 

manual on and auto off  
0.85   51   

e space not daylit, dimmed for 

constant illuminance  
0.90   54   

a + c    0.80   48   

a + d    0.75   45   

b + c    0.75   45   

b + d    0.70   42   

e + c     0.80   48   

e + d    0.75   45   

General lighting in other types 

of space  
    

The average initial efficacy should 

be not less than 60 lamp lumens 

per circuit-watt  

Display lighting      
The average initial efficacy should 

be not less than 22 lamp lumens 

per circuit-watt  

 

It is not necessary for individual luminaires to meet 55 luminaire lumens per circuit 
Watt, giving the designer flexibility to use a mix of technologies that average 55 
LL/cW. 

The revised Part L also introduces a new method for measuring lighting efficiency. It 
is called LENI (Lighting Energy Numeric Indicator) and it is a measure of the 
performance of lighting in terms of energy per square metre per year (kWh/m2/year), 
based on BS EN 15193:2007 Energy performance of buildings – Energy requirements 
for lighting. 
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Lighting efficiency calculations must be supplied as part of the approval process. In 
addition, the approval process requires that: 

 Lighting energy use is separately metered throughout the building – usually 
automatic data collection is also required. 

 The building occupier is provided with a strategy for continuous improvement 
in energy performance. 

The OR system can provide all the combinations of control strategies highlighted in 
Part L2 and therefore realises the efficiency measures that allow designers to be 
flexible with designing lighting schemes that balance visual comfort and energy 
efficiency. 

3.7 Design standards for commercial buildings 

3.7.1 British Council for Offices design guides 

The British Council for Offices (BCO) is a UK based institution founded in 1990 
whose mission is to research, develop and communicate best practice in the design, 
construction and operation of office buildings.  

The BCO achieves its leadership in the UK commercial building sector by organising 
events and publishing guides and technical notes on the various themes relevant to 
office buildings. The two guides that are most relevant to the assessment of the OR 
system for commercial buildings in UK are the BCO Guide to Specification 2014 and 
the BCO Guide to Lighting 2013. 

According to the British Council for Offices Guide to Specification, new office 
developments in UK have three stages of fit out: 

 Shell and core: this stage comprises the structure, cladding, base plant, 
completed common areas and external works. It includes fitted-out common 
spaces such as the main reception, lobbies, lifts, staircases, toilets, loading 
bays, car parking, etc. 

 Category A fit-out: this stage describes the level of fit-out where the tenants' 
spaces are completed by the developer. A category A fit-out may include 
raised floors and suspended ceilings, distribution of mechanical and electrical 
services, internal surface finishes, blinds, lighting and controls. 

 Category B fit-out: this stage completes the fit-out of the internal space to the 
tenants’ requirements. Category B may include final finishes and branding, 
room partitions, meeting rooms, specialist lighting, ICT equipment, A/V 
equipment, kitchen areas and furniture. 

Developers decide to build offices at any of these stages depending on market 
conditions, leaving the final level of fit-out to tenants. Owner/occupiers usually 
develop all stages simultaneously to achieve their final fit-out requirements. 

The BCO recommends the inclusion of lighting controls as an essential part of the 
office building services to achieve compliance with the requirements of Part L of the 
building regulations, realising energy savings whilst optimising the visual comfort 
and performance and maintaining safety of operations. 
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Three types of control strategies are outlined in the BCO Guide to Lighting and it is 
recommended that all three strategies be implemented: 

 Daylight linking 

 Constant illumination control 

 Occupancy control  

The BCO Guide to Lighting also recommends the use of the Lighting Energy 
Numeric Indicator (LENI) as described in EN 15193 to evaluate the impact of 
controls on achieving energy savings through the implementation of the three control 
strategies listed above. 

With reference to these three lighting control strategies, the OR system achieves all 
the BCO lighting control requirements, including the LENI / EN 15193 control 
strategies because: 

 With the inclusion of a photocell in each sensor node, OR supports local 
illuminance readings at sensor level and by enabling the Daylight Dimming 
mode using the remote app it can reduce the lighting output according to the 
user and recommendations requirements. Daylight calibration should be 
carried before enabling the Daylight Dimming mode at a time when there is 
moderate ingress of natural light. 

 The MaxLight setting, in combination with the operation of the photocell can 
effectively achieve the constant illumination control.  

 The OR motion sensing implementation on a luminaire basis increases the 
resolution of the occupancy detection system if compared to other networked 
control systems, where the designer is more free to specify sensing grids with 
excessive distances that can have a detrimental effect on the detection of 
occupancy levels. The LowLight level offered by OR implements the 
reduction in lighting levels by dimming to an intermediate level before 
switching off, thus realising an additional safety feature recommended by the 
BCO guide. 

The BCO guide also lists three additional features that can enhance the system 
operation and wellbeing of occupants: 

 Manual override: this is recommended for enclosed rooms but also in relation 
to BREEAM credit Hea01. OR can provide this by means of the wireless 
switch or IR dongle and remote app. 

 Corridor-hold feature: this control strategy keeps some additional luminaires 
on (for instance circulation luminaires) while only one part of the office is 
used. OR supports this behaviour by implementing a ‘zone stitching’ 
mechanism through the use of the zone settings, selecting zones that respond 
to each other occupancy detection. 

 Security lighting: this control strategy implements low level lighting for 
security guard patrols. OR can implement this strategy using groups, scene 
settings and user control via the wireless switch. 

Moreover, the OR system puts the commissioning and the refinement of the lighting 
control strategies directly in the hands of the end users and facilities managers, who 
with the remote app and IR dongle can implement changes to the system directly and 
without the intervention of a specialist commissioning engineer. This possibility 
realises more easily effective controls that can adapt to the varying needs of the 
modern office and workplace building. 
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3.7.1.1 Shell and core 

At this level of fit-out, the BCO recommends that a centralised networked lighting 
control system should cover the landlord and common areas and have provision for 
the Category A areas to be connected when required.  

The BCO guide goes into significant detail in describing such system that should 
include: 

 A graphical user interface and head end that should allow programming using 
plan diagrams of the building and provide automatic LENI reports. The guide 
suggests that this functionality can be integrated into the BMS . 

 A network to distribute the control communication signals to the building 
through a hierarchy of network and area controllers. 

 Lighting control modules to distribute the signal to the luminaires. 

The guide describes the DALI protocol and recommends the production of drawings 
showing all the ballast or drivers DALI addresses (a task that in most cases with 
DALI cannot be accomplished because of the random mechanism of addresses 
assignment). 

As noted before, the OR system implements a new paradigm of control connectivity, 
therefore the notions of network and area controllers do not apply.  

The inclusion of the Ethernet gateway allows to implement time schedules and 
supervisor control using the functionalities of the BMS or A/V systems. 

The requirement for a graphical user interface for commissioning can be addressed 
with the remote app, however the use of plan layouts is not currently implemented by 
OR. 

In some circumstances, common spaces can have building shapes (for instance tall 
atria and lobbies) and materials that do not allow the IR signal to propagate 
effectively and therefore make the installation of an OR system challenging or not 
possible. In other circumstances, when colour control and other ‘architainment’ 
features are required, the OR system could not provide the required functionalities. In 
such cases, the OR system can still be used for the general office areas and integrated 
with DMX or other specialist control systems using the Ethernet gateway. 

3.7.1.2 Category A fit-out 

For Category A fit-out the BCO Guide to Lighting recommends the installation of a 
‘centralised’ lighting control system also in the open office tenant areas.  

The guide recommends the installation of control devices such as motion sensors, 
photocells, infrared receivers, combined sensors and manual control panels, including 
functionalities such as ‘marketing override switches’ with time control. 

A remarkable feature that is suggested in the guide is the installation of combined 
motion, photocell and IR receiver devices in the ceiling on a 6m x 6m grid, to comply 
with the BREEAM Hea01 credit. It is in fact felt that wired manual switches are not a 
practical means to achieve the credit and the use of IR remotes can achieve this 
requirement. The OR system matches this requirement automatically by including 
such combined device in each luminaire, provided that wireless switches are included 
in the space for user control. 
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In relation to DALI control, the guide recommends the following additional 
functionalities: 

 Ballast/driver status feedback 

 Lamp failure status feedback 

 Broadcast control, allowing control of all the luminaires in a lighting zone 

 Support for emergency DALI inverted control and monitoring 

Finally, the guide mentions the possibility to include the operation of blinds into the 
lighting control system. This is a feature that OR already supports. 

3.7.1.3 Category B fit-out 

The Category B fit-out extends the requirements of Category A user control also to 
cellular offices, meeting rooms and other special areas. 

It is intended by the BCO that the Category B fit-out does not replace the Category A 
one but extends it instead, introducing branding considerations and task lighting 
strategies, including the possibility to use suspended direct/indirect luminaires. 

There is no specific mention of lighting control strategies that cannot be achieved by 
the OR system at this stage, other than what already noted for the shell & core and 
category A phases. 

3.8 Sustainability accreditation 

In UK, BREEAM is the most established environmental assessment method and 
rating system for buildings that encourages designers and clients to implement low 
carbon and low impact design, with an aspiration to minimise the energy demands 
created by a building before considering energy efficiency and low carbon 
technologies. 

3.8.1 BREEAM 

For the assessment of lighting controls in BREEAM, the key credit is Hea 01 Lighting 
zoning in commercial offices  

This credit applies to internal lighting and recommends that the zoning of controls for 
internal lighting in commercial buildings is according to the following points: 

1. In office areas, zones include no more than four workstations near windows 
and atria and other building areas with daylight access are separately zoned 
and controlled 

2. Lecture rooms include zones for presentation and audience areas 

3. Library spaces: separate zoning of stacks, reading and counter areas 

BREEAM lists also an additional number of lighting control zone requirements for 
education, retail and other typologies of buildings. 

Compliance notes follow the BREEAM general credit description and describe in 
more detail the credit requirements. The following ones apply to lighting control: 
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 Occupancy/workstation layout unknown: where occupancy/workstation layout 
is not known (open office spaces), lighting control can be zoned on the basis 
of 40 m2 grids i.e. an assumption of 1 person/workspace per 10 m2. 

 Small spaces: Buildings consisting entirely of small rooms/spaces with less 
than 40 m2 that don’t require any subdivision of lighting zones/control are 
considered to meet the zoning criteria by default.  

 Zones of four workspaces: The limit of four workspaces is not considered a 
fixed requirement and is evaluated by the assessor on a project-by-project 
basis provided that there is suitable zoning/control of lighting to enable a 
reasonable degree of occupant control over lighting in their personable work 
area. It also tends to apply to Category A and Category B projects but not to 
Shell & Core projects. 

The workstation layout and zone of four workspaces requirements are something that 
is seldom achieved with incumbent lighting control systems because it needs designer 
input correctly translated into appropriate equipment placement and commissioning 
strategy. The OR system provides this in its basic, Tier 2 and Tier 3 optimisation and 
configuration modes without the need for designers to locate sensors according to 
zones (the sensing placement has a higher resolution than most networked lighting 
control systems) and therefore eliminates the risk of not implementing the zoning 
strategy appropriately. 

BREEAM also allows to achieve sustainability credits based on system innovation. It 
could be possible for an installation with the OR system to gain an innovation credit 
in the ‘Ene 01 Reduction of energy use and carbon emissions’ if for the specific 
project it can be shown by the designer that the system improves the sustainability 
performance of the building and is of demonstrable benefit to the wider industry in a 
manner that is not covered elsewhere in BREEAM.  
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3.9 Support for emergency lighting strategies (central 
battery system, self-contained battery packs) 

Procedures for automatic monitoring and testing of the emergency lighting system are 
increasingly included in lighting control systems to reduce the amount of time and 
resources required to carry out the mandatory testing of emergency lighting in public 
buildings, as required in UK by BS 5266 and recommended by the BCO Guide for 
Lighting.  

According to the standard, it is required that lamps inside maintained units are 
checked daily, that all units are tested for functionality every month, that partial 
discharge tests are carried out every six months and full discharge tests are carried out 
on all units after three years, annually. 

When included into the lighting control system, automatic emergency lighting testing 
systems will execute all these tests automatically, report problems and log the test 
results into files or databases that would constitute the testing records. 

The BCO Guide for Lighting also recommends that: 

 The tests are run overnight or other out-of-office hours. 

 The tests are not affecting two contiguous emergency luminaires at the same 
time. 

 The results of the tests are reported in a graphical representation at the head-
end for easy identification of the faulty equipment by the maintenance team. 

In the current OR system implementation, emergency luminaires cannot benefit from 
automatic testing and reporting features as suggested in the BCO Guide to Lighting 
and indicated in BS EN 62034. In this respect, integration of emergency lighting 
luminaires including an OR node follows a ‘business-as-usual’ approach where:  

 Self-contained emergency luminaires including OR sensor nodes and 
controllers can be implemented similarly to traditional self-contained 
emergency luminaires using emergency changeover relays connected to 
emergency gear fed by a permanent power supply local to the space.  

 Centrally supplied emergency luminaires including OR sensor nodes and 
controllers can be implemented using emergency changeover relays connected 
to the central battery system. 

The start-up mode feature of the OR sensor node can however offer an alternative 
emergency lighting approach where all or some of the luminaires are powered by a 
local battery system (for instance a UPS) and are energised at a dimmed level during 
power failures.  
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3.10 System distribution and product route to market 

Organic Response do not sell the lighting control products directly to end users but 
use a network of lighting manufacturers to execute the installation of the sensor nodes 
in the luminaires and provide installation documentation such as as-built drawings 
and building specific operation and maintenance manuals.  

This approach has the added advantage of eliminating any additional electrical work 
on site to install supplementary networked lighting control wiring, lighting control 
modules and equipment cabinets, minimising the electrical installation costs and 
space requirements for lighting control equipment.  

However, the distribution of the OR system through the network of partners might be 
perceived like a limiting factor to independent lighting designers. With the increase of 
OR partners this situation will gradually change and designers should gain more 
confidence in specifying an OR system.  
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3.11 Summary 

We have summarised the results of our review and analysis of the OR system 
functionalities and operation in the table below.  

 The Organic Response system 

Electrical wiring complexity and 

material use 

Electrical wiring is simplified because it does not 
have to follow hard-wired switching or dimming 
requirements 

Data wiring complexity and material use There is no data wiring 

Data bandwidth and speed 

Data and control communication is generally based 
on serial protocols implemented over a mesh 
topology with IR communication and measured in 
kilobits/s (kbps) 

Ghost / parasitic loads of control 

equipment 

The OR sensing and actuation devices have negligible 
standby loads and include relays to cut parasitic load 
from ballasts. 

Individual addressability and control 
of luminaires 

Individual addressability is not implemented 
however individual control of luminaires is possible 
via smart device IR remote 

Complexity of regrouping and 

reconfiguration 

Using the smart device IR remote, the simplicity of 
reconfiguration is one of the key benefits of the OR 
system 

Equipment cost 

Most of the additional cost of the lighting control 
system gear is absorbed into the luminaire control 
gear cost 

Installation and commissioning cost 

The initial commissioning is minimal or not required 
because the sensor nodes adapt to the room 
conditions automatically 

Suitability for retrofit applications 
Additional wiring is not required, only modification 
of luminaires 

Impact on architecture and space 

requirements 

Minimal impact similar to electrical installations. 

However the ubiquity of sensors and integration in 
smaller and decorative luminaires might be a 
problem for some architects 
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4 Cost comparison 

This section attempts to provide some information about the cost of the OR system in 
comparison with the cost of a networked KNX lighting control system. 

Arup has no control over the cost of labour, materials, equipment or services 
furnished by others, contractors’ methods of determining prices, or competitive 
bidding or market conditions. Any cost estimates provided below represent our best 
judgement as an experienced and qualified professional consultant, familiar with the 
relevant industry.  

For this cost comparison exercise, we have based our estimates on a reference office 
of approximately 700 m2 with the lighting layout and lighting control zoning 
indicated in Figure 17. 

 

 

  
Figure 18 Reference office area used for the cost assessment 
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The following table summarises the equipment lists and associated capital and 
installation costs. Operational costs have been omitted in this costing analysis. 

 

Organic Response system    

Item Quantity Unit cost Total cost 

Material and installation costs 

(a breakdown of the material and installation costs is 

available on request from Organic Response)       

 £7,800 

 

On costs incl. M&E Overheads and profit, mark-                                            

ups and M&E prelims contributions estimated at 

current market rates at circa 20%                                                                    £1,560                                                                                                                                                                                              

Total   £9,360                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

    

Networked KNX lighting control system    

Item Quantity Unit cost Total cost 

DALI controllers 3  £510   £1,530  

Occupancy sensors 22  £150   £3,300  

Combined daylight and occupancy sensors 5  £200   £1,000  

User control (button panels) 6  £300   £1,800  

Remote controls manual override in 40 m2 areas 8  £100   £800  

5 core DALI cables 600 m  £1.6   £960  

Lighting control cabinet 1  £150   £150  

Lighting control installation 24 hours  £50   £1,200  

Lighting control commissioning 8 hours  £50   £400  

Sub-Total    £11,140  

On costs incl. M&E Overheads and profit, mark-                                            

ups and M&E prelims contributions estimated at 

current market rates at circa 20%                                                      £2,228 

Total   £13,368   

The analysis shows that there are potential savings associated with the installation of 
an Organic Response system, due mainly to the omission of the lighting control 
wiring and to the reduction or omission of works associated with the lighting control 
installation and its commissioning.  

The anticipated capital cost saving is £4,008 based on the scenario above. We have 
undertaken the analysis at an M&E sub contract level and therefore not included any 
main contractor mark ups or further ancillary works. This is a desktop study based on 
this scenario: other sets ups and configurations may vary costs slightly although it 
does show that it is likely that in most scenarios the OR will provide capital cost 
savings. All costs at based on 3Q 2015 rates.
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5 Conclusions 

The following table summarises our conclusions in relation to the advantages and disadvantages of the Organic Response system when 
compared with the various categories of lighting control systems analysed in this report. 

 Hardwired lighting circuits 

Wired networked lighting 

control systems 

Converged power and data 

systems using Ethernet 

wiring 

Converged power and data 

systems using power line 

communication 

Wireless (radio frequency) 

lighting control systems 

The Organic Response 

system 

Electrical wiring complexity 
and material use 

Circuits are physically 
connected according to 
control zones 

Electrical wiring is simplified 
because it does not have to 
follow hard-wired switching 
or dimming requirements 

Electrical wiring is converged 
with data wiring, however 
the amount of wiring could 
increase because each 
luminaire might need a 
dedicated power and data 
cable 

Electrical wiring is simplified 
because it does not have to 
follow hard-wired switching 
or dimming requirements 

Electrical wiring is simplified 
because it does not have to 
follow hard-wired switching 
or dimming requirements 

Electrical wiring is simplified 
because it does not have to 
follow hard-wired switching 
or dimming requirements 

Data wiring complexity and 

material use 

Not applicable – There are 
no data wires 

Data wiring is introduced to 
add flexibility at the expense 
of more wiring material 

Data wiring is converged 
with electrical wiring, 
however the amount of 
wiring could increase 
because each luminaire 
might need a dedicated 
power and data cable 

Data wiring There is no data wiring There is no data wiring 

Data bandwidth and speed 
Not applicable – There is no 
data/control communication 

Data and control 
communication is generally 
based on serial protocols 
and measured in kilobits per 
second (kbps) 

Higher data bandwidth and 
speed in the order of 
Megabit (Mbps) or Gigabit 
(Gbps) per second could be 
achieved 

Depending on the power line 
implementation, data speed 
can be slow or fast 

Data and control 
communication is generally 
based on serial protocols 
implemented over a mesh 
topology with RF 
communication and 
measured in kilobits/s (kbps) 

Data and control 
communication is generally 
based on serial protocols 
implemented over a mesh 
topology with IR 
communication and 
measured in kilobits/s (kbps) 

Ghost / parasitic loads of 
control equipment 

Not applicable – There is no 
control gear 

Parasitic loads should be 
considered in the design 
because the choice of 
equipment has a strong 
influence on standby loads 

Parasitic loads should be 
considered in the design 
because the choice of 
equipment has a strong 
influence on standby loads 

Parasitic loads should be 
considered in the design 
because the choice of 
equipment has a strong 
influence on standby loads 

Parasitic loads should be 
considered in the design 
because the choice of 
equipment has a strong 
influence on standby loads 

The OR sensing and 
actuation devices have 
negligible standby loads and 
include relays to cut parasitic 
load from ballasts. 
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 Hardwired lighting circuits 

Wired networked lighting 

control systems 

Converged power and data 

systems using Ethernet 

wiring 

Converged power and data 

systems using power line 

communication 

Wireless (radio frequency) 

lighting control systems 

The Organic Response 

system 

Individual addressability 

and control of luminaires 

It is not possible to address 
luminaires individually 

Individual addressability and 
control of luminaires is one 
of the key advantages of this 
system 

Individual addressability and 
control of luminaires is 
possible and related also to 
the system connectivity 

Individual addressability and 
control of luminaires is one 
of the key advantages of this 
system 

Individual addressability and 
control of luminaires is one 
of the key advantages of this 
system 

Individual addressability is 
not implemented however 
individual  control of 
luminaires is possible via 
smart device IR remote 

Complexity of regrouping 
and reconfiguration 

Electrical work required to 
reconfigure circuits / control 
zones 

Regrouping is possible, 
however re-commissioning 
with specialist software or 
hardware tools is generally 
required 

Regrouping is possible and 
rewiring does not require an 
electrician 

Regrouping is possible and 
no rewiring is generally 
needed 

Regrouping is possible and 
no rewiring is generally 
needed 

Using the smart device IR 
remote, the simplicity of 
reconfiguration is one of the 
key benefits of the OR 
system 

Equipment cost 

Little additional equipment 
required other than power 
distribution and hardwired 
sensing and control devices 

There is an increase in 
equipment cost because of 
the additional control 
equipment 

There is an increase in 
equipment cost because of 
the additional control 
equipment 

There is an increase in 
equipment cost because of 
the additional control 
equipment however costs 
are generally lower than 
other wired control solutions 

There is an increase in 
equipment cost because of 
the additional control 
equipment however costs 
are generally lower than 
wired control solutions 

Most of the additional cost 
of the lighting control system 
gear is absorbed into the 
luminaire control gear cost 

Installation and 

commissioning cost 

Installation and sometimes 
commissioning of individual 
sensors and switches in 
correspondence of control 
zone is required 

There are additional 
installation, commissioning 
and recommissioning costs 

There are additional 
installation, commissioning 
and recommissioning costs 

There are additional 
installation, commissioning 
and recommissioning costs 

There are additional 
installation, commissioning 
and recommissioning costs 

The initial commissioning is 
minimal or not required 
because the sensor nodes 
adapt to the room 
conditions automatically 

Suitability for retrofit 

applications 

Not applicable – this is the 
base case 

Additional wiring is required 
and would complicate the 
installation 

Additional wiring is required 
and would complicate the 
installation 

Additional wiring is not 
required, only modification 
of luminaires 

Additional wiring is not 
required, only modification 
of luminaires 

Additional wiring is not 
required, only modification 
of luminaires 

Impact on architecture and 
space requirements 

Minimal impact required for 
an electrical installation 

Additional wiring and 
equipment to be 
accommodated and often 
concealed 

Additional wiring and 
equipment to be 
accommodated and often 
concealed, more equipment 
in server rooms 

Minimal impact similar to 
electrical installations 

Minimal impact similar to 
electrical installations 

Minimal impact similar to 
electrical installations,  

however the ubiquity of 
sensors and integration in 
smaller and decorative 
luminaires might be a 
problem for some architects 

In conclusion, the strongest proposition of the OR system is the self-adaptability of the system and the reduction in re-commissioning effort, 
both elements that have the highest potential to realise lighting control systems that really work and deliver energy savings and user satisfaction. 
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6 Disclaimer 

This report has been commissioned by Organic Response in order to produce an 
independent review of their lighting control system in relation to the UK building 
market and takes into account the particular instructions and requirements of Organic 
Response.  

It is not intended for and should not be relied upon by any third party and no 
responsibility is undertaken to any third party. 


