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Executive summary

Minimum efficiency performance standards (MEPS) and energy labels are amongst the most widely used policy tools to increase energy efficiency. These tools are effective and cost-efficient. By broadening the scope of efficiency policies from products to systems, policy measures capture an even larger share of the energy consumption in an integral way. Targeting systems should avoid sub-optimization at the product level and result in more savings. However, policy makers encounter various issues when pushing for this next frontier in energy efficiency policy.

This paper explores options and challenges to transform product efficiency policy into system efficiency policy. It starts by giving a definition of a system and a classification of systems that is used to analyse challenges for regulating systems. Then we indicate the relevant elements of the regulatory approach to product efficiency and apply them to systems. This provides insight into the challenges for policy makers to regulate systems. We give suggestions for overcoming the challenges and present a mapping of the classes of systems and regulatory solutions. The main conclusion is that especially verification procedures and test methods should become more flexible in order to deal with systems.
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[bookmark: _Toc63674128]Introduction
Why would 4E look at energy-using systems? The simple answer to this question is that systems seem to offer large(r) possibilities for energy savings than products. Furthermore, in 4E countries the energy efficiency of many products is already regulated through MEPS and labelling, while systems are not. Therefore policy makers have an interest in exploring how systems could be regulated[footnoteRef:1] to increase energy efficiency. [1:  In this document ‘regulation’ will be used as generic term to indicate that something is organized, including voluntary and mandatory measures.] 


This document aims to satisfy the needs of policy makers regarding regulation of systems by:
1) providing (working) definitions of a system, based on a technical analysis;
2) identifying the main conditions from the (regulatory) process for making energy efficiency policies for systems; and
3) combining the results of 1) and 2) to get insight into whether and why systems are more difficult to regulate; and 
4) providing recommendations to overcome these difficulties.

The following chapters deal with each of these aspects in more detail.


[bookmark: _Toc63674129]What is a system?
This chapter provides a general definition of a system, specifies this definition for the purpose of this document and provides a classification of systems.
[bookmark: _Toc63674130]General definition of a system
According to Merriam-Webster a system is “a regular interacting or interdependent group of items forming a unified whole”.  Or shorter: a whole, an entity, made of several parts. This definition allows for a large variation in systems: buildings, facilities, including processes, a whole economy all can be considered a system. In this document the scope of a system is limited up to the equipment level.

The definition provides above two perspectives to look at a system:
· The perspective of the individual items which will be called parts.
· The perspective of the unified whole, which refers to the functionality of the system, including the interaction between the different parts, and the interaction between the system and its environment.

Figure 1 summarizes the various aspects of systems.
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[bookmark: _Ref34824333]Figure 1 System aspects
A system always interacts with its environment, in which other systems exist. It uses energy and sometimes other inputs, e.g. water and consumables, and it delivers a certain performance (functionality). It also delivers other outputs to the environment, e.g. (waste) heat, emissions. In most cases, these other outputs need to be avoided or minimized. Note that the same type of output, e.g. sound, in an audio system is part of the functionality (performance) whereas in an air handling unit it is considered as other output.
Furthermore, the environment sets relevant usage conditions, e.g. ambient temperature, humidity, luminance level, or – the other way around – systems require certain environmental conditions to operate[footnoteRef:2]. [2:  In some cases the environmental conditions are used to define exemptions to the scope of a regulation.] 


A part of a system is a single, identifiable piece that provides a certain sub-function to contribute to the functionality of the system, and can be assessed or tested independently from the system. Note that the concept of a system can be applied recursively: the parts of a system can be (sub)systems itself and so on. For simplicity and practical application in policy, it is suggested to limit the recursion to one level: a part can be a system consisting of (sub)parts, each of which provides a certain functionality.
[bookmark: _Toc63674131]Life cycle phases of a system
A system does not come out of the blue. The life cycle phases of a system are:
1) Specification of the function(s) and a design that can deliver those functions.
2) Manufacturing, including assembly.
3) Installation, including commissioning.
4) Operation: use, including service, repair, upgrades (hardware and software) and other system changes[footnoteRef:3]. [3:  Note that some upgrades and changes may lead to a “new” system.] 

5) End-of-life: decommissioning, disposal[footnoteRef:4]. [4:  Could lead to reuse of the system or parts.] 


These phases involve several actors, e.g. manufacturers, installers, commissioners, retailers, users, repairers and recyclers, which in principle can be addressees of a regulation.
[bookmark: _Toc63674132]Products versus systems – definition of a system for the purpose of this document
In section 2.1 an energy-using system was defined in a fairly generic way: the definition would fit a refrigerator, a television, an electric motor or a lamp. These examples can be considered ‘equipment products’ or simply ‘products’ that are produced as such in a factory, i.e. the parts are assembled in an industrial process[footnoteRef:5]. [5:  In most cases policy makers are not interested in products that are made as a single piece or in a small series by an artisan.] 


In contrast, an ‘equipment system’, or simply ‘system’ has as essential and distinctive characteristic that (some of) the parts are put together (assembled) on location before the system can function; a system is produced not (only) in a factory but at a location where it will be used.

Therefore we propose the following (technical) definition of a system:

a system is a functional unit that consists of two or more physical parts that need to be assembled at the location where the system is used.

This is a technical definition because it relies on the physical characteristics of the elements involved. As shown in the next chapter, a regulatory view looking at the addressee(s) of the regulation may provide a different delineation between products and systems. 
In the following, several elements of the system definition are elaborated upon.
Functional unit
The concept of functional unit of a system enables a boundary to be drawn between the system and the environment (other systems). It does not mean that a system can have only one main function.
Parts
As indicated in section 2.1, a part is a single, identifiable piece that provides a certain sub-function to the function of the system[footnoteRef:6]. The parts indicated in the definition of a system are the parts that need to be assembled at the location. Some of the parts of a system may have been already assembled in a factory, for example, an electric motor.  [6:  E.g. a hydraulic pump, an electric motor, a VSD (variable speed drive) and water pipes are parts of a water pump system.] 

The parts of a system can be provided by several manufacturers, whereas for a product there is by definition a single manufacturer. In case of different manufacturers, interoperability of parts of a system is an important issue. Also, the role of system integrator may appear.
A system can be extended during its lifetime by adding new parts to the system[footnoteRef:7], e.g. to increase capacity, functionality or external, geographical coverage. In fact, this is an important reason why the system concept exists. [7:  Note that so called accessories fulfill a likewise function for products.] 

Assembly versus installation
In order to function on site, energy using systems need to be assembled and installed[footnoteRef:8]. Installation means connecting a system (or a product) to another system in the environment, e.g. an energy (electricity, gas) grid or a piping system. [8:  Note that also products need to be installed. The installation of a product or a system will affect the performance and the energy consumption; incorrectly installed products or systems can be (much) less efficient than correctly installed products or systems. This is true not only for the installation of a boiler or an air conditioner, but also for a refrigerator.] 

Figure 2 shows the difference between assembling and installing. The product in Figure 2 (top) is installed: the inputs and where applicable the outputs are connected to the infrastructure, e.g. piping for a boiler. The system in Figure 2 (bottom) is assembled – the three parts are put together – and installed.

What sometimes are called “installed products” are products that need installation by a professional. In the consumer sphere these are commonly hot water, heating, ventilation or air conditioning products.

The distinction between assembling, putting together parts, and installation is not always clear. Consider a stereo set with separate loudspeakers (which could have their own power supply). In order to function – produce sound – the loudspeakers need to be connected to the amplifier. Although this fits with the definition of putting parts together, it would be normal to view this as the installation of the stereo set which would also include connecting the stereo set to the mains.

Therefore it may be useful to reserve the term “assembly” for activities of a professional actor.

Finally, the distinction may be a matter of (legal) interpretation.

Final remarks[bookmark: _Ref34824426]Figure 2 Installation of a product (top) and assembly and installation of a system (bottom)

Other aspects related to products and systems could be used to differentiate them, e.g.:
· Large (heavy) versus small (light)
· Mass produced versus customized (built-to-order)
· Single load versus a load curve

Although these aspects can certainly have practical policy implications, none of these seem essential for the distinction between products and systems.
The size and weight of a product are as such not distinctive characteristics. For example, a  transformer can be a large and heavy product, whereas a lighting system, consisting of several light sources, drivers and presence detectors, can be (relatively) small and light. The size and weight of a product can make it difficult to assess compliance, but these are not distinctive characteristics between products and systems. 

One of the advantages of a system is that it can be customized to suit the function required at a certain location by varying the parts that are assembled. However, nowadays customization is also possible in mass production, e.g. personal computers can be built-to-order in an assembly line. Customization in a standard product can also be realized by software.

Sometimes variations in load are seen as a characteristic of a system. However, the load itself is not a characteristic of the product that is regulated but a characteristic of the environment in which the product operates. One of the functions of the product is “matching” the (varying) load. If the load in practice varies, then setting requirements with a load curve makes the requirements more representative for the use of the product in practice as compared to setting energy performance requirements at a single load point.
[bookmark: _Ref61350240][bookmark: _Toc63674133]Classification of systems
The definition of a system in section 2.1 provides two main avenues to explore regarding the challenges of regulating systems: the concepts of “parts” and “assembly”.
This section first lists the attributes that may be relevant for a classification and second provides a proposal for a range of values to each of the attributes, including a proposal for a classification.
Attributes relevant for classification
The following attributes are relevant for the classification of systems:
1) The number of parts.
2) Whether (some of) the parts are identical.
3) Whether (some of) the parts are standardized.
4) Whether (some of) the parts are already regulated.
5) The number of possible combinations (of the parts to form a system).
6) Whether, and to what extent, each of the parts impacts the energy consumption, efficiency or any other parameter of the system that may be regulated.
7) The assembly of the parts, including the impact of the assembly on the performance and the energy consumption of the system.
8) The impact of the location, e.g. when a system is assembled and installed in a building or in a certain climate zone.
9) The number of actors involved.
10)  Likelihood of changes in the system over lifetime.

The relevance of attributes is guided by the possible influence on the “complexity” regarding the regulatory process, e.g. the effort and expertise needed to establish a regulation. This general idea will be elaborated upon in chapter 4 where the classification is confronted with the (main) aspects of the regulatory process described in chapter 3.

The number of parts to be assembled[footnoteRef:9] influences many of the other attributes. Parts that are identical will probably reduce regulatory burden for both regulators and market actors. Parts that are standardized are the same across systems, e.g. a power supply. If parts are already regulated, information on relevant characteristics will probably be available and in case of MEPS, a minimum efficiency level is ensured. Moreover, parts that are already regulated will probably also be standardized as this is where MEPS has typically been targeted. The number of possible combinations of parts to form a system, i.e. the number of possible systems, has a large influence on practical methods for verification of requirements. The same holds for the impact of the parts on the energy consumption (or any other regulated parameter).  [9:  Note that this is probably (much) lower than the total number of parts in the system.] 


The impact of the assembly on the characteristics of the system may also influence the verification and the type of requirements in a regulation. The impact of the location can probably be accounted for in other attributes, e.g. the number of parts (1) and the assembly of the parts (6). The number of the responsible actors involved is related to the number of parts being identical and/or standardized.
A classification of systems
The following table provides a proposal for the range of values assigned to each attribute. 

[bookmark: _Ref35249921]Table 1 Range of values for each attribute
	
	Attribute
	Range of values
	Remarks

	1
	Number of parts
	small; medium; large
	Indicative values e.g.: small: <5, medium: 6-10, large >10

	2
	Percentage of identical parts
	small; medium; large
	Indicative values e.g.: small: < 25%, medium: 25-75%, large: >75%

	3
	Percentage of standardized parts
	small; medium; large
	Indicative values e.g.: small: < 25%, medium: 25-75%, large: >75%

	4
	Regulated parts
	all; mixed; none
	

	5
	Number of possible combinations
	small; medium; large
	This includes situations with varying number of parts.

	6
	Impact of parts on energy consumption
	all; mixed; none
	At least one part should impact energy consumption.

	7
	Impact of assembly on energy consumption or performance
	small;  medium; large
	Note that this does not concern the “sizing” of the system.

	8
	Impact of location
	small; medium; large
	

	9
	Number of actors involved
	1; 2-5; >5
	This may vary over time and depends on market conditions.

	10
	Likelihood of systems changes over lifetime
	small; medium; large
	



Several attributes seem to be related. If the number of parts is large, e.g. in a building automation control system (BACS), it is likely that most of these parts are standardized and that many of them will be identical. If the number of parts is large, in principle the number of combinations is also large unless many parts are identical – although in that case the situation could be considered to be a small(er) number of type of parts. The number of combinations also depends on the variety for the individual parts and the interdependency. If parts are not identical and/or not standardized, it is more likely that the quality of the assembly will impact energy consumption or performance. The impact of the location can relate to the structure of the system but also to the number of parts[footnoteRef:10]. The number of actors involved will depend on the market situation and whether parts are standardized; with standardized parts it is more likely that they will be offered by a range of manufacturers. [10:  Consider a BACS for a location with a small number of  buildings that show large difference in size and function versus a BACS for a location with a large number of identical buildings. The structure of the BACS will be more complex in the first case, whereas the number of parts will be larger in the second case.] 


The list of attributes in Table 1 would in principle result in 310 (59 049) combinations which is far too large for a practical classification and regulation. A first attempt to reduce this is to focus on the attributes in italics: the number of parts (1), the percentage of identical parts (2) and the impact of assembly (7). Furthermore, the range for the first two is reduced to two values: small (including medium) and large. If the impact of the assembly is large, it is likely that the percentage of identical parts will not be large. If the number of parts is small, it is likely that they will not be identical.
This suggests the following classification tree (see Figure 3), where in general the complexity increases from left to right.
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[bookmark: _Ref35249732][bookmark: _Ref35249722]Figure 3 Classification tree
Some examples of systems in the various classes are:
①  An electric motor plus variable speed drive plus fan or pump or a multi split air conditioning system with one outdoor unit and several indoor units.
②  A lighting control system (with standardized parts) for an office building.
③  A BACS for a home with standardized parts (impact of assembly is small) providing a large number of functions (heating,  lighting, security etc.); therefore the number of parts is large but the percentage of identical parts is probably small.
④  A walk-in cooler or freezer.
⑤  A compressed air system for a factory, including piping. 


[bookmark: _Toc63674134]Regulatory aspects of product and system efficiency policies
This chapter addresses the aspects to consider under the perspective of regulating systems, and discusses the main elements of energy efficiency measures, and the regulatory competences of authorities.
[bookmark: _Toc63674135]Main elements of energy efficiency measures
In general energy efficiency measures need to contain the following main elements:
1) The scope: which products or systems are included and/or which are excluded) and the addressees of the regulation.
2) The (efficiency) metric(s) and requirements.
3) The method for verification, including test methods.

The following elaborates on each of these elements.
Scope and addressees
The scope is mostly defined in relation to the (main) function(s) and/or the characteristics of the product or system. Focusing on the function(s) results in a “technology neutral” scope, i.e. all products or systems that fulfill the indicated function(s) are in scope regardless the technology used[footnoteRef:11] [footnoteRef:12]. For several applications, e.g. moving air or pumping liquid, both products and systems can provide the same function. In this case, a regulatory level playing field is only achieved if both can be in the scope of the regulation and are subject to the same requirements. Defining the system boundaries is an important part of defining the scope for a regulation.  [11:  An example is a regulation for light sources that would define the scope as all light sources that provide visible, white light. This would include incandescent, fluorescent and LED light sources. ]  [12:  This does not necessarily mean that the regulation is technology neutral. Taking the example of light sources, the requirements (in lm/W) could be set at such a level that only LED light sources could comply.] 
The essence of the EU Ecodesign Directive is setting ecodesign requirements for products for which the manufacturer is responsible regarding conformity. An energy related product is defined as any good that has an impact on energy consumption during use.
The Directive defines two moments at which this responsibility materializes:
•	Placing on the market
•	Putting into service

Related to the definitions proposed in this document: placing on the market fits the (equipment) products that are produced in a factory, sold and installed at the end-user, whereas putting into service fits the (equipment) systems of which the parts are assembled (and installed) on location at the end-user. 
This means that the Ecodesign Directive although only defining “products” covers both products and systems (as defined in this document). In the framework of the Ecodesign Directive a system can be defined as a product that is not placed on the market but only put into service. The individual parts of a system may have been placed on the market, but not the system as an assembled whole.

Further note that the definition of a manufacturer is a “legal” one: the legal person that placed the product on the EU market or puts it into service is called the manufacturer of the product, regardless whether “technically” it is the manufacturer, retailer or installer.

The Energy labelling Regulation defines a system as “a combination of several goods which when put together perform a specific function in an expected environment and of which the energy efficiency can then be determined as a single entity”. This definition reflects the definition proposed in this document. Like the Ecodesign Directive, the Energy labelling Regulation deals with products; a product is defined as a good or system with an impact on energy consumption during use.
Box 1 Products and systems in the EU Ecodesign Directive and EU Energy labelling Regulation


The legal definition of what is the overarching scope of product or system energy efficiency policies can differ from the technical definition in section 2.3 of this document.  In order to create legal certainty, product and system regulations should have a single addressee[footnoteRef:13]. An example from the EU Ecodesign Directive is the definition of products and the addressee (the manufacturer) responsible for meeting the requirements (see Box 1). [13:  Which can differ per (type of) requirement.] 


Finally, the number of addressees can be relevant for verification and enforcement. In general the lower the number of addressees, the easier monitoring verification and enforcement activities are.
[bookmark: _Hlk35252266]Efficiency metric and requirements
Efficiency relates output (performance) to input (energy) – or vice versa. However, it is not always easy to quantitatively define or measure performance, especially when related to the services that a product or system delivers. Examples are picture quality of a television or the indoor comfort delivered by an air conditioner. In some cases the solution is to use a proxy and/or require a minimum performance level and measure the energy or power consumption. The “efficiency” requirement is then set as a maximum energy or power consumption.

Whereas an efficiency metric can in principle always be formulated because by definition every product or system has a function and uses energy, the setting of requirements for systems can be more difficult. The reason is that energy consumption and performance of a system depend on the assembly, the design and the location where the system is used. Therefore, the requirements need to account for these conditions and the test methods (see next paragraph) need to reflect these conditions. A simple example is setting a requirement (in kWh/year, the efficiency metric) for a refrigerator: assuming that the refrigerator is used in a warm room would lead to another requirement (and test conditions) than assuming that it is used in a cold room. Another example, where the metric and the usage conditions are combined, is a weighted average efficiency of a pump. In this case the efficiency is measured at a number of points on a load curve and the weighting of each point should reflect the usage of the pump at this load point in practice. 
Verification and test methods
Verification relates to all elements discussed above: scope and addressees, efficiency metric(s) and requirements. Only products or systems in scope of the regulation can be verified for compliance with the requirements according to the metrics, and the addressee is responsible for compliance.
Although verification can be done in several ways, test methods are usually an essential part of the verification. Few authorities and manufacturers would rely on document inspection only without a test of the product or system involved at some stage. The purpose of a test method is amongst others to measure characteristics of a product or system, e.g. performance or energy consumption, in an objective way, i.e. the results of the test should reflect the characteristics of the product or system, and not the conditions of the test or the test equipment. Test results need to be reproducible if a test is done at different test laboratories. 

Therefore, test standards – amongst others – specify in detail the test conditions, including admissible deviations, and the accuracy and handling of the test equipment. However, a test method should also be representative, i.e. the test conditions, including the prescribed operation of the product or system, should reflect the location where it is used. Repeating the test at various conditions to reflect the (prevailing) locations where the product or system is used is an option that quickly results in testing costs becoming prohibitive. Alternatives are using a worst case condition or test at a few conditions and use interpolation for results in other conditions.

Enforcement of a regulation relates to all of the above elements. If addressees are difficult to identify, a regulation is difficult to enforce. A verification method that requires cooperation of an addressee, may also be difficult to enforce especially if the cooperation itself cannot be enforced.
[bookmark: _Toc63674136]Regulatory powers
The previous section covered the content of energy efficiency measures. Another aspect is the legal side: do the relevant authorities (e.g. ministries, surveillance authorities) have the regulatory powers to adopt, execute and enforce these measures? This can relate to the scope, territorial jurisdiction or powers of market surveillance authorities. Systems may not be in the scope of the regulatory powers[footnoteRef:14]. Federal authorities may not have jurisdiction over systems that are assembled in a state or province. Market surveillance authorities may not have the power to enforce cooperation in case of testing or assessing a system on location. [14:  Note the differences between the legal and technical definition of systems in section 3.1.] 

While regulatory powers can be changed, it mostly involves changing higher order legislation and this is a slow and often difficult process.


[bookmark: _Toc63674137]Challenges in regulating systems
Combining the results of the foregoing chapters, this chapter will provide more insight about why systems are more difficult to regulate. For this exercise we confront the main elements of the classification of systems of section 2.4 with the three elements of energy efficiency policies as described in section 3.1.
Note that the differences between products and systems in this respect are not clear cut: products exist that have (some of) the same difficulties as systems, and systems exist that are as easy to regulate as products.
Verification and test methods
First of all, if the impact of the assembly (and installation) on the energy consumption and/or performance of the system is large, it is less useful to only test the system in “laboratory conditions”. This is especially true when one or more parts that impact the energy consumption are already regulated. Verification should focus on the (quality of the) assembly. However, this requires another verification method than normally applied for product regulation.

In other cases, where the assembly has some impact on energy consumption but other attributes do too, the following general issues arise:
a) Although the documentation of a system can be verified in the same way as for a product, a system can only be tested as such when it is assembled and installed on location.
b) The location where the system is tested can in some cases be a laboratory, although this becomes more difficult for physically large systems.
c) When testing at a location where the system is actually used, the market surveillance authorities need to have access to that location.
d) It is difficult to test a system that is already in operation, since this mostly disturbs essential processes at the location (e.g. in a factory or commercial site); so, systems on location have to be tested before starting operation. This would require that the market surveillance authorities know when a system is assembled.

A general issue of relevance of verification and test methods arises. As indicated, relevance refers to the ability of the test method to reflect the results (energy consumption, performance) in practice, e.g. at the locations the system is in use. The issue is that the characteristics of these locations may vary to a large extent and that therefore the specifications of the system may also vary. Although in principle this issue can arise for products too, it is likely to be more pronounced for systems because the system concept is specifically constructed to deal with varying locations and functional requirements. However, if parts are standardized, it could be assumed that the adaptation of the system to the local conditions is not in the parts as such but in the control or the number of parts. A simple example is a BACS where the number of parts in the system is proportional to the size of the building.

There are three levels of verification (including any combination of them) which could be used in a systems regulation:
· System level: the system as assembled is tested. Modelling can be used to cover the full extent of the “operational” range of the system.
· Part level: all parts of the system are tested; results for the system can be derived via a model[footnoteRef:15]. [15:  This level includes verification through simulation, since the input data for the simulation would need to be verified by a test at some point.] 

· Assembly: the quality of the assembly is checked.

If the number of parts is large, it helps verification on the part level when a large percentage of the parts is identical.
Efficiency metric and requirements
The issue of setting requirements reflects the point made above about the relevance of test methods. Any requirement needs to take into account the conditions of use as reflected in the test method. This means that a single requirement that all systems in scope must comply with might not be easy to establish.

Another aspect is the relation between requirements for parts of the system and requirements for the system. First, the stringency of requirements for individual parts may hinder achieving higher energy efficiency requirements for the system. This issue need to be checked when setting requirements for the system. 

Second, there may be an argument made that setting a requirement for the system makes requirements for the individual parts superfluous. If both the requirements for the parts and the system requirements can be measured, the requirements for the parts could be considered superfluous. However, as indicated above, verification may depend on testing parts of the system and deriving the system result via a model. In order to ensure the correctness of the input data for the model, requirements for the parts can be useful. More important, parts used in regulated systems may also be used as standalone or in other non-regulated systems. Since in practice it is impossible to differentiate between a part used in a regulated system and elsewhere, the parts used elsewhere would not be regulated.
Scope and addressees
The setting of the scope is also related to the impact of the conditions of use. Tying the scope too close to certain conditions of use, runs the risk of easily evading the scope and thereby the regulated requirements[footnoteRef:16]. Therefore the scope will have to be formulated in a general way which in turn could result in including even more usage conditions. [16:  This mostly is a problem for mandatory measures where some manufacturers may try to have their products be out of scope. With voluntary measures, it is assumed that manufacturers that apply for them want to be in scope.] 

The system definition also suggests different types of addressees: the manufacturer of the parts, the company that offers the system to a customer or the customer that specifies the system, or the company that assembles (and installs) the system. In principle this could be the same company[footnoteRef:17] or several different companies. The impact of the assembly would influence the choice of the addressee: if the impact is large, it would be logical to include also the assembler as addressee. [17:  For example,  large companies (as customers) can have their own internal teams or divisions for assembly of systems they specify for their operations.] 

Conclusions and remarks
The preliminary conclusion is that systems are more difficult to regulate because of the role of the assembly, and because the system concept is constructed to serve a large number of conditions of the locations or use. The latter has two consequences: first a system can come in a large number of variations and second the conditions in which a system operates can vary to a large degree. Compared to products, in general systems open up for a larger variety of usage conditions which seems to be more difficult to handle in a regulatory context.
As indicated in section 3.2, lack of regulatory power is a further challenge to regulate (certain) systems.

Finally, other issues exist that relate to and sometimes interfere with the elements of a regulation mentioned above, e.g.:
· Specification of the system: a “wrongly” specified (e.g. oversized) system is likely to use more energy.
· Commissioning: this could be seen as part of the installation, but requires separate attention, certainly for larger systems or for systems that are closely coupled with other systems.
· Operation and maintenance: incorrect operation or maintenance, or the lack of the last, can significantly increase energy consumption of a system. Assessing and correcting this is part of a quality control or energy management scheme over the lifetime of the system.
· Adaption/change of the system during its lifetime. According to e.g. the EU Blue Guide[footnoteRef:18] this might constitute a new system that would have to comply with the regulations in force at that moment. [18:  See: https://ec.europa.eu/growth/content/%E2%80%98blue-guide%E2%80%99-implementation-eu-product-rules-0_en ] 

· Software and especially software updates can influence energy consumption.


[bookmark: _Toc63674138]Approaches to regulating systems
This chapter starts with a short overview of methodological approaches to assess systems, since assessing the efficiency and performance of systems is at the heart of regulating energy efficiency. The challenges that were identified in the previous chapter and a mapping of systems and regulatory solutions are then discussed.
[bookmark: _Toc63674139]Methodological approaches for assessing systems
The following methodological approaches for assessing systems exist, see Table 2, noting that in practice a blend of these may be used.

[bookmark: _Ref62466893]Table 2 Methodological approaches for assessing systems
	Approach
	Description

	Black box approach

	The black box approach does not care what is in the box (the system); the relevant inputs and outputs are assessed. This is the product testing approach applied to a system.

	Modular approach

	The modular approach focuses on assessing the parts (modules) of the system. Performance and energy consumption of parts are measured/assessed and then combined by a formula to provide the performance and energy consumption or efficiency of the system.
This approach can resemble the modelling approach (see below), especially when a complex formula is used. The difference is that in the modelling approach usage conditions and/or operational range are included in the model, whereas in the modular approach these elements are assumed to be taken into account in the assessment of the modules (parts) and the applied formula is a mathematical operation to combine the results.

	Procedural approach

	The procedural approach focuses on the assembly (and installation) of the system. This could include rules for sizing the system and the parts. In principle no measurements on parts are needed (but information on parts may be needed). 
This approach resembles quality management systems. The assumption is that if the right procedure is followed then the efficient functioning of the system is guaranteed.
The steps of the sizing, assembly and installation are documented and can be checked.

	Statistical approach

	The statistical approach relies on measurements of energy consumption and performance when the system is in use. Apart from energy or power consumption and performance, usage and operational conditions are assessed. The values for the relevant efficiency metric are then statistically extracted from this data, allowing e.g. to correct for variations over time.
This approach is used in monitoring installations, but could also be used for certification to show that a system performs as specified/calculated.

	Modelling approach

	The modelling approach comes in two main variants. The first uses a mathematical model of (parts of) the system to calculate the performance and energy consumption or efficiency based on design parameters of the parts. The second uses a scale model of the (parts of the) system on which measurements are done after which the results are scaled up to achieve results for the system. 
The design parameters of parts could be checked independently.



A first indication of the applicability of the various approaches follows from mapping them to the main elements of the system classification presented in section 2.4 and the variation in usage or operational conditions; see Table 3 below where the X marks the situation that is most suitable.

[bookmark: _Ref61348658]Table 3 Mapping approaches to classification and conditions
	Approach
	Impact of assembly
	Number of parts
	% identical parts
	Variation in conditions

	
	small
	large
	small
	large
	large
	small
	small
	large

	Black box
	X
	
	*
	*
	X
	

	Modular
	X
	
	X
	
	X
	
	X
	

	Procedural
	
	X
	*
	*
	*

	Statistical
	
	X#
	*
	*
	
	X#

	Modelling
	X
	
	
	X
	
	X
	
	X


* Element not relevant for the approach; # Approach can only be applied in once the system is in use.

Conclusion from this brief analysis are that in case the impact of assembly is large, the procedural approach should be included. Furthermore, modular and modelling approaches can cover the different situations regarding number of parts, % of identical parts and variations in conditions (usage, operational). The black box approach can cover situations that come close to testing a product[footnoteRef:19]. [19:  Applicability could be impacted by a large number of parts that would make it impractical to use the black box approach in a laboratory setting.] 


The next section considers combinations of system characteristics and provides options for modelling usage conditions and operational range.
[bookmark: _Toc63674140]Meeting the challenges of system characteristics, usage conditions and operational range
System characteristics
If the assembly of the system has a large impact on the efficiency – energy consumption and/or performance – the assembler should be (one of) the addressee(s) and the verification needs to focus on the (quality of the) assembly[footnoteRef:20]. This could go as far as requiring assemblers to have a quality management system. [20:  Another option would be to regulate standardization of the assembly with the aim to reduce the impact of the assembly on the efficiency. This could also be beneficial for assembly time (and therefore costs).] 


In other cases, i.e. if the assembly has a small(er) impact, the addressee(s) can be the manufacturer of the system or another company that offers the system to a customer[footnoteRef:21]. This could cover the variations of systems if it can be assumed that all system (variations) that are offered will comply with the regulation. The manufacturer or the company offering should know the efficiency of the system variant manufactured or offered (according to the relevant test method; see below). [21:  Manufacturers of parts are not considered here because it is assumed that the parts are products. ] 


If the percentage of identical parts is large, then it can be helpful to regulate (only) the parts. If the number of parts is large but the percentage of identical parts is low or medium, the system consists of a medium to large number of different parts. This probably means that a large number of system variants is possible. In that case the regulation would need to include modelling; see also 5.2.2. Another option is to check whether any of the parts are critical for the energy consumption, and regulate these. 
[bookmark: _Ref59011659]Usage conditions and operational range
Verification and test methods have to deal with both a variety in systems and with a variety in usage conditions. If the variety is large, testing all variants may not be feasible regarding time and costs. As indicated before, modelling can be useful or even necessary. The following situations can be distinguished; see Table 4.

[bookmark: _Ref35422521]Table 4 Options for modelling
	
	Variation in usage conditions
	Variation in operational range

	Measurement of system
	Use results at system level, measured for a limited number of usage conditions, to calculate system results at other usage conditions.
	Use results at system level, e.g. from a scale model, to calculate results for larger systems.

	Measurement of parts
	Use results for parts as input for a model that covers different usage conditions; the model simulates the system, i.e. the energy or performance relevant interaction between the parts.
	Use results for parts as input for a simulation model that covers the total operational range.



If modelling is included in the measures, the regulation should include the calculation or simulation model, or the regulation should indicate how third party calculations or simulations should be verified in order to be used in the regulation.
[bookmark: _Toc63674141]Mapping systems and regulatory solutions
The general remarks in the foregoing sections are now systematically applied to the classes of systems in section 2.4; see Table 5.

[bookmark: _Ref59018447]Table 5 Mapping systems and regulatory solutions
	Class 
(see also Figure 3)
	Scope and addressees
	Efficiency metric and requirements
	Verification and test methods

	①: impact of assembly: small-medium; small number of parts
	Manufacturers of (parts of) the system 
	Efficiency of the parts and the  system
	Measurements on the parts of the system; modelling to provide results for the system (in a variety of usage conditions)

	②: impact of assembly: small-medium; large number of parts with a large % identical parts
	Manufacturers of the parts
	Efficiency of the parts
	Measurements on the parts

	③: impact of assembly small-medium; large number of parts with a small % identical parts
	Manufacturers of the identical and/or criticala parts of the system
Assemblers/installers of the system
	Efficiency of the (identical/critical) parts
Efficiency of the system as assembled and installed
	Measurements on the (identical/critical) parts
Modelling to calculate system efficiency as assembled and installed

	④: impact of assembly: large; small number of parts
	Manufacturers of the parts
Assemblers/installers of the system
	Efficiency of the parts
Quality (control) of the assembly/installation
	Measurements on the parts
Check on the quality (control) of the assembly/installation

	⑤: impact of assembly: large; large number of parts
	Assemblers/installers of the system
	Quality (control) of the assembly/installation
	Check on the quality (control) of the assembly/installation


a critical with regard to energy consumption of the system




19

image3.png
product —

—

Installation of a product

Assembly of a system Installation of a system




image4.png
Impact of assembly

small-medium large

Number of parts

7 \ 7\

small large small large

% id \l

( I / \||
/ 0\

OO0 oo o





image1.png
energy

performance

other inputs

system other outputs

Environment (including other systems)




image2.png
product —

—

Installation of a product

Assembly of a system Installation of a system




