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CHAPTER 7 POLICY AND IMPACT ANALYSIS

Scope:

This task looks at suitable policy means to achieve the potential improvement, e.g.
implementing LLCC as a minimum requirement, the environmental performance of BAT

or BNAT as a benchmark, using dynamic aspects, legislative or volun tary agreements,
standards, labelling or incentives, relating to public procurement or direct and indirect

fiscal instruments.

It draws up scenarios 2005 i 2025 quantifying the improvements that can be achieved
versus a Business -as-Usual scenario and compare s the outcomes with EU
environmental targets, the societal costs if the environmental impact reduction would

have to be achieved in another way, etc.

It makes an estimate of the impact on users (purchasing power, societal costs) and

industry (employment, p rofitability, competitiveness, investment level, etc.), explicitly
describing and taking into account the typical design cycle (platform change) in a

product sector.

In addition an analysis of which significant impacts may have to be measured under

possibl e implementing measures is provided , and what measurement methods would
need to be developed or adapted

Summary:

Several policy options  are proposed in this chapter, with a strong focus on  the decrease
of transformer load and no load losses.

Because of compactness , it might be needed that some transformers are exempted . For
these transformers , alternative requirements are formulated to restrict conductor and

core losses.

This chapter also includes proposals for policy actions related to Best Not Yet Avai lable
Technology (BNAT).

There is a need for an updated harmonized standard to measure smaller transformer

losses and a proposal  to fill this gap has been formulated.

For several standards , updates are recommended, especially to add two extra no load

losse s categories (0.75A0, 0 .5A0) in standard EN 50464 -1 to cover BAT developments

of amorphous transformers.

Stakeholders are invited to comment on this version and p rovide more input on policy
options and any potential related impact !

7.1 Policy analysis

Scope:

The policy analysis should identify policy option(s) considering the outcomes of all
previous tasks, notably the option(s) should:

- Be based on the exact definition of the product, according to chapter 1 and modified/
confirmed by the other tasks;
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- Provide ecodesign requirements, such as minimum (or maximum) requirements,
considering the sensitivity analysis carried out in chapter 6;

- Be complemented, where appropriate, with (dynamic) labelling and benchmark
categories linked to possible incentives, relating to public procurement or direct and
indirect fiscal instruments;

- Where appropriate, apply existing standards or propose needs/generic requirements

for harmonized standards to be developed;

- Provide measurement requirements, including test stan dards and/or methods;

- Consider possible self -regulation, such as voluntary agreement or sectoral
benchmarks initiatives;

- Provi de requirements on installation of the product or on user information.

This task will also provide a simple tool (e.g. in Exce ), allowing estimates of the
impacts on different scenarios and, to the extent possible, the estimation of Member

State specific impacts.

7.1.1 Proposed exact product definitions and scope for policy measures

7.1.1.1 Three -phase oil -immersed distribution transformers 5 0 Hz

These transformers can easily be defined as transformers designed according to EN

50464 -1 series: 2 007 06 Tphasesod -immersed distribution transformers 50 Hz, from

50 kVA to 2 500 kVA with highest voltage for equipment not exceeding 36 kV 0.

These transformers are also referred hereafter simply as éimetsed distribution
transfor mer sé.

This definition covers also so  -called oil -immersed industry or DER transformers which

are technical identical to transformers installed by Distribution System Oper ators
themselves, e.g. Base Cases 2 and 5 in previous chapters.

Because of functional limitations in dimension and weight (see section 7.2.1) the

foll owing subcategory needs to be -phatoqglt-imdersedévery
di stribution t mheges might meed <iflerent and less stringent losses

requirements, see section 7.1.2 . It is also proposed to limit this category to 100 kVA
transformers, because larger transformers are not easily transportable and mounted

(pole).

Stakeholder s &uggestions are welcome to define the maximum size and weight related
to transformer rating.

7.1.1.2 Three -phasedry -type distribution transformers 50 Hz

Those transformers can easily be defined as transformers designed according to prEN
50541 -1 s er i es -phaSeldry-gme distribution transformers 50 Hz, from 100 to
3150 kVA, with highest voltage for equipment not exceeding 36 kV 6.

These transformers are also referred hereafter simply as o-ypey distribution

Transfor mer so.

Note: it is assumed that this stand ard is voted in the upcoming months.

This definition covers also so -called dry -type DER transformers which are technical
identical to transformers installed by Distribution System Operators themselves, e.g.

Base Case 6 in previous chapters.

As far as know n no additional subcategory is needed (see discussion section 7.2.1).
Stakeholders are welcome to argue.
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7.1.1.3 Large power transforme rs (>5 MVA) used in 50 Hz electricity
transmission with highest voltage for equipment exceeding 36 kV

A OLarge power t>5 KW} dsedrime50Hz €l ectricity transmissionbd

defined as 06 a static pi ece of apparatus wi t h t wo C
electromagnetic induction, transforms a system of alternating voltage and current into

another system of voltage and current usually of different values and at the same

frequency for the purpose of transmitting electrical p
use in a 50 Hz frequency system and with highest voltage for equipment exceeding 36

kV.

These transformers are also referr ed hereafter simply a sLafje Power Transf or mer so.

Stakeholder s are invited to comment on this definition.

As far as known no exception is needed. Stakeholder s @omments are welcome
7.1.1.4 Smaller power transformers ( O 1kVA & 0100 kVA) desingned for
electricity 50 Hz distribution with highest voltage for equipment not

exceedingl kV

A smaller power transformer (O 1kVA & 0100 kVA) design
distributon grid can be defined as 6a static piece of appar s
win dings which, by electromagnetic induction, transforms a system of alternating
voltage and current into another system of voltage and current usually of different
values and at the same frequency for the purpose of tr
defini tion) designed for use in a 50 Hz frequency system and with highest voltage for

equipment not exceeding 1 kV that can be used in an electrical grid without particular

equipment (e.g. power electronic convertors)

Note: these transformers are a Isoreferred hereafter aBRo@w&maTiansfor merso.
If minimum efficiency requirements are requested , it is needed not to mix the product

with various transformers that are used in or with special equipment (welding, guitar
amplifiers, etc.) (see chapter 1) . There fore, it is suggested to limit the scope to well
defined smaller power transform ers in electricity distribution.

These smaller power transformer subcategories were clearly defined in the scope  of this
study and analy sed in detail in chapters 1-6 before as the so -called smaller
transformers
i. Separating transformer . Is a transformer that has primary and secondary
windings electrically isolated by means of basic insulation, so as to limit, in
the circuit fed by the secondary winding, the risks in the event of accidental
simultaneous contact with earth and live parts. Typical size for three phase
transformers is from 1 kVA up to 63 kVA. Please not e that this is not a
common practice in industry and they are only used in cases of strong
safety and availability r ~ equirements.
ii. Isolating transformer: Is a separating transformer that has primary and
secondary windings electrically isolated by means of double or reinforced
insulation. Frequent applications are a change of earthing system or a
critical load protection i  n distorted systems. Typical size for three phase
transformers is from 1 kVA up to 63 kVA. Please not e that this is not a
common practice in industry and they are only used in cases of severe
electromagnetic compatibility requirements (e.g. also in medical equipment).
iii. Control transformer: These transformers have at least a basic isolation
between primary and secondary windings and are required for power
supplies in machine control circuits (cf. EN 60 204 i 1), e.g. for powering
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small motors or instrumentati on equipment. The typical secondary voltage is
24 VAC. Those are most often single phase transformers from 40 VA until
2.5 kVA. Please note that these transformers are nowadays being replaced

by electronic power supplies as a consequence of using PLC (prog rammable
logic control) instead of formerly electro -mechanic relays in industrial
control applications. Nevertheless , those transformers might still be

available on the market.

Some smaller power transformers  (voltage restorers or autotransformers) were
@xcluded 6from the scope of further detailed analysis in chapters 2 -6 due to the low
number of sales on the EU market, and the first screening showed even much lower
impact.

The above definition does not exclude them and it is recommended to broaden the
scope of smaller power transformers for further legislation in order to avoid any
loophole. From a technical point of view, the authors currently see no argument why
they would be unable to satisfy the proposed ecodesign requirements in this study.

Two types of requirements are propos e d , ei ther for 6gener al purpo
transformers (50 Hz) 6 o 60speci @0dHz)pbuMandasterer s are free to choose
one type depend ing on the targeted application and performance.

Stakeholder s are invited to comment on this definition and scope extension

It cannot be avoided that special transformers comply ing with the above definition are
designed for being integrated in a special application (e.g. a guitar amplifier with
valves).

Case of guitar amplifier audio transformer (to be confirmed):
The audio transformer is also able to operate at 50 Hz within audible sound and might

work as well in the defined low voltage range, therefore it could be considered within
the scope of smaller power transformers. However , the special non linear
characteristics create a particular sound but those transformers are inefficient.
To avoid th is negative impact on the functionality they might be exempted . Therefore ,
a category Ospeci al purpose with well defined tar
well.
To avoid |l oophol es wi t h O6speci al purpose transf
applicaton 6 additi onal informati on requirements to fac
recommended, e.g.:

1. 6speci al purpose transformers with wel./ defin

applications to mentioned in any related product documentation.
2. 6speci al paospoesmets awith wel/l def i needdthetlS®Or g et af

caution mark to read documentation.
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Figure 7-1 Caution mark to read documentation proposed to be placed on exempted on
6special puropamea st rwanshf well defined target appli

Stakeholder s @omments are welcome

7.1.2 Maximum transformer load and no -load losses requirements

7.1.2.1 Proposed maximum load and no -load losses requirements for Oil -
immersed distribution transformers

The proposed maximum load and no -load losses requirements for Oil -immersed
distribution transformers not being so -call ed o6very c-phageaittimmeérbed e e
di stribution transfoszmers (0100 kVA)S®b

- 0630 kCOQk inTierl (201 3) and AOCK in Tier2 (201 5)

- >630 kVA BOBk in Tier 1 (201 3) and AOAk in Tier2 (201  5)
For more details see also proposed policy scenarios in section 7.1.13 .

The proposed loss limiting requirementfor 6évery ¢ omp aphase Dih-immersed
distribution transformers (0100 &is/A)
- Those transformers shall onl y use low loss conductor material with electrical
resistivity below 17 mOhm.mm at 20 °C (e.g. Copper or Silver) ;
- Those transformers  shall only use low loss core material with maximum specific
core losses below 0 .96 Watt perkgat1 .7 Tesla at 50 Hz (e.g. Domain Refined
High - permeability steel)
The product documentation of t hose 6very C-phasp aod timmefsed e e
distribution tra nsformers ( O1 0 0  k 8hdu)d dnclude a core and conductor material
certificate that shows this compliance to facil itate market surveillance at any moment.
For conductor material this could be Electrolytic Tough Pitch Copper according to
ISO/R1337.
For silicon core steel this could be deducted from the EN 10107 grading, i.e. M095 or
MOXX with XX below 95 are acceptable.
See also the next section on the risk for mitigation from oil to dry -type transformers.

7.1.2.2 Proposed maximum load and no -load losses require ments for Dry  -type
distribution Transformers

When drafting those requirements the risk for mitigation from oil -immersed to dry type

transformers needs to be considered

The BATno-l oad and | oad | osses class O0AQAKdpedamd i ned in pr
EN464-1 (oil -immersed) are very different. For example a 400 kVA oil -immersed has
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430 Watt no -load and 2800 Watt load losses while a dry -type has 700 Watt and 4500

Watt losses (see chapter 1 for details).

The risk might be relative ly low as those transformers are about 10% more expensive
and take more volume (see Annex C chapter 5 for nevertheless).

This risk can also be reduced by requiring the higher level AOAK and additional
installation requirements as proposed in later sections. Therefore it is recommende  dto
require AOAk from Tier 1 (201 3) to avoid any loophole  s.

Stakeholders are invited to comment and provide input.

7.1.2.3 Proposed maximum load and no -load losses requirements for Large
Power Transformers

It is propos ed to use load and no -load loss requirements in line with the proposed draft

power transformer standard in China (see chapter 1 and ) and to require only the most
efficient transformers defined herein for load losses (Grade 1) . The analysis and enquiry
in chapters 5 and 6 showed that Gra de 1 is not ambitious enough for no -load losses,
therefore the proposal is to use Grade 1 ¢ orrected by factor 0 .6 (Grade 1+).
Table 7-1: Energy efficiency grades for 110kV three -phase oil -immersed double -
windi hg non -exciting regulation transformer (Table 5 in standard)
No-load loss (kW) Load loss (kW) (75°C)
capacity | Grade 3 T Grade 2 Grade 1 Grade 1+ Grade 3 T Grade 2 Grade 1
kVA = Grade 1 x0,6
6300 10.5 9.1 7.9 7.4 4.44 40.4 37 36.3 35.9
8000 12.6 10.9 9.5 8.9 5.34 50.4 46.2 45.4 44.9
10000 14.8 12.9 11.2 10.4 6.24 59.4 54.4 53.4 52.9
12500 17.5 15.2 13.3 12.3 7.38 70.6 64.7 63.5 62.9
16000 21.1 18.3 16 14.8 8.88 86.3 79 77.6 76.8
20000 24.7 21.4 18.7 17.4 10.44 104.2 95.5 93.7 92.8
25000 29.2 25.3 221 20.5 12.3 123.2 112.9 110.8 109.8
31500 34.5 30 26.2 24.3 14.58 149 136.5 134 132.7
40000 41.3 35.8 31.2 29 17.4 174.8 160.1 157.1 155.6
50000 49.3 42.8 37.3 34.7 20.82 217.3 199.1 195.4 193.6
63000 58.3 50.6 44.1 41 24.6 262.1 240.1 235.7 233.5
75000 66.1 57.4 50.1 46.5 27.9 311.4 285.3 280 277.3
90000 76.2 66.1 57.7 53.6 32.16 358.4 328.4 322.3 -
120000 95 82.5 71.9 66.8 40.08 444.7 407.4 399.8 396
150000 112.3 97.4 85 78.9 47.34 528.7 484.3 475.3 470.9
180000 126 109.4 95.4 88.6 53.16 595.9 545.9 535.8 530.7

Stakeholders are invited to comment and provide input.

7.1.2.4 Proposed maximum load and no -load losses requirements for Smaller
Power Transformers (all LV/LV types)
The proposal is to go to BAT level for general purpose smaller power transformers as

foundinchapter5 except for O&éspeci al purpose small. &aor

power
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O6speci al p ur p o s for atheraatingd thosrcanresponds to values as indica ted in
Table 7-2. Stakeholders are invited to check these values .
. Maximum load loss Maximum no load
Rating (S) (kVA) W) loss (W)
1 100 25
200 55
16 400 110
32 600 165
64 800 220
Table 7-2: Proposed maximum load and no -load losses for smaller LV/LV 50 Hz
transformers.
As mentioned in previous chapters , many smaller power transformers have often no

efficiency data in their catalogue and there is no harmonized standard yet (see also
section 7.1.6 ).

Proposed alternative requirement for t hose 6speci al purposebd s mal
transformers 6t hat are unable to satisfy the a-loadve mi ni
requirements &

- Those transformers shall only use low loss conductor material with electrical

resistivity below 17 mOhm.mm at 20 °C (e.g. C opper or Silver);
- Only rectangular conductor wire is used;
- Those transformers shall only use low loss core material with maximum specific
core losses below 0 .8 Watt per kg at 1 .5 Tesla at 50 Hz (e.g. M120  -23S CGO
steel ).
The product documentation of th ese 6very c o0 mp a ephase Toh rineneersed
distribution transformers (0100 kKVA)d should include a core and
certificate that shows this compliance to facilitate market surveillance at any moment.

For conductor material this could be Electrolytic Tough Pitch Copper according to
ISO/R1337.

For silicon core steel this could be deducted from the EN 10107 grading, i.e. M095 or
MOXX with XX below 95 are acceptable.

7.1.3 Pol icy recommendations for incentives and Green Public Procurement
(GPP) to promote efficient power and distribution transformers

The policy recommendation sections hereafter are organised per transforme r user
group as different  recommendations apply per user group .

7.1.3.1 Policy recommendations towards power transformers operated by
Transmission System operators (TSO)

Transmission System Operators (TSO) already use a Total Cost of Ownership (TCO)
approach in their (public) procurement procedures (see section 3.1.4).

Nevertheless, the drawback could be that too low electricity prices were used in the
past and have led to the installation of low efficiency power transformers. Nowadays,
there is a European market that could differ significant ly from past practices.
Therefore, it can be recommended that authorities put forward European long term

el ectricity indexed prices (e.g. 0.08 U/ kWh and inte
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formulas). It would also be useful to agree on a cost differentiation ratio between cost

of no -load losses (A) and load losses (B).

Significant ly lower no load -prices fit in an electricity park with a high share of nuclear
energy for the base load and fossil fuels for peak loads might have been used in the
past, however this is outdated with a highe r share of renewable  currently . Therefore
the differentiation between A and B should be
It was also common for TSOs to use a much lower electricity price compared to DSOs,

because of the top -down large scale electricity production an d distribution. This might
be debatable in the future as well when a high share of Distributed Energy Resources

(DER) is integrated in the electrical grid. Thus, it is recommended to limit this
differentiation between electricity prices used in large power transformers compared to
di stribution transformers (e.g. O 15%).

TSOs and DSOs have monopolies and can pass on all investment costs to the end user,
therefore no direct financial incentives are needed. TSO/DSOs can emit bonds to
finance such an operations, the government could back these bonds in cases there is a

lack of confidence.

Stakeholders are invited to comment and provide input.

Please note that TSO s are already subjected to other legislation in which those
recommendations could be inco rporated (To be confirmed and completed) .

7.1.3.2  Policy recommendations towards distribution transformer operated by
Distribution System Operators (DSO)

Suggestions made for incentives to avoid focusing on achieving the minimum efficiency
requirements alone ar  e:

1. Implement and harmonize the Total Cost of Ownership (TCO) approach as
already explained in section 3.1.4. DSOs already use this but industrial owners
could benefit from it. It can be recommended that authorities put forward long
term indexed electricity pr ices and interest rates to be used in those formulas. It

is also useful to agree on a cost differentiation ratio between cost of no -load
losses (A) and load losses (B). The price could be proportional (e.g. +15 %)
compared to TSO prices for larger power tr ansformers, see also section 7.1.13 .

2. Tax benefits could be granted to the most efficient classes (AOAK), e.g.
accelerated depreciation.
3. Public proc urement could request most efficient classes (AOAK).

Please note that TSOs are already subjected to other legislation , in particular the
Energy Service Directive (2006/32/EC) in which those recommendations could be
incorporated . As mentioned in chapter 1 some member states have incorporated
distribution  transformers in the National Energy Efficiency Action Plan (NEEAP) to be
developed by member states in the framework of the Energy Service Directive
(2006/32/EC) . The identified BAT (AOAK) should serve as a reference and at least the
LLCC should be implemented.

Stakeholders are invited to comment and provide input.

7.1.3.3 Policy recommendations towards distribution and power transformers
operated by Distributed Energy Resources (DER) plants

mi t



LIST OF TABLES

In some cases DER (wind, solar, etc...) investors are also owner s of distribution and
power transformers (see chapter 3)

There are two potential reasons why those DER investors might have little interest in
efficient transformers:
1. DER investors have often very short payback time tar gets (see 3.1.3.1) (e.g.5 -
7 years) which is not in line with the Life Cycle Cost analysis performed in
chapters 4 and 6  (+20 years) . These short pay back times were made possible
by an increased electricity price reflected in so -called Renewable  Energy

Certificate Systems (see 2.4.3) and the market created by introducing local
obligations or targets for DSO/TSO/local service provider to buy them.

2. It has been reported that in some cases the electricity meter is placed at the low
voltage winding, he  nce neglecting the transformer losses.

Therefore it is recommended:

1. Either to install the meter at the high or medium voltage and provide only
Renewable Energy Certificates for this energy.

2. Or install the meter at the low voltage but correct for the energ y lost above BAT
level (A0, Ak)  (formulas will be added later).

7.1.3.4 Policy recommendations towards distribution transformers operated
by private or public users on incentives and Green Public Procurement

Large industrial site owners or building owners are oft en also owner s of their
distribution transformer (see chapter 3). It is important to target this group as well

because the often have short return on investment requirements or simply lack
knowledge (see chapter 3).

For large public buildings (hospitals, schools, administration, etc...), BAT level (AOAK)
could easily be incorporated in Green Public Procurement (GPP) specifications.

For private users local  authorities are recommended to provide financial incentives to
stimulate accele rated replacement of existing transformers and/or to procure BAT
transformers

As a guideline the incentive could be up to about half the ext ra price as found in
chapter 5 A nnex C for BAT compared to BAU or LLCC.

For retrofitting existing installations the extra price compared to BAU could be used,

which is about 20% of the transformer purchase price.

For new installations the extra price of LLCC compared to LLCC, which is about 12% of
the transformer purchase pric e.

This financial incentive could be returned as a direct pay -back or as a fiscal stimulus by
granting a reduced fiscal depreciation to reduce companies profit and taxes (e.g. 2

years instead of the usual minimum of 5 years.
7.1.4  Any other minimum or maximum ec odesign related parameter
requirement

Other ecodesign related parameters were defined in chapter 1 (noise, EMF, hazardous
materials).
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7.1.5 Proposed policy actions related to Best Not Yet Available Technology
(BNAT)

Hereafter is a discussion of potential policy actions related to  the BNAT as identified in
chapter 5.

Recommended policy actions r elated to R&D on amorphous metals:

It is recommended to support R&D programmes to continue the development of the

material itself and its application in transformers (e.g . on short circuit behavio  ur and
noise). More R&D is needed in particular on the short circuit behavio ur of large

(>1MVA) amorphous metal distribution metal transformers.

Recommended policy actions Related to R&D on silicon steel:
This is ongoing and  should be driven by the market demand.

Recommended policy actions R&D on  microcrystalline  steel or
superconducting technology:

Due to the weak market potential (see chapter 5) , no further policy action is
recommended.

Recommended policy actions r elatedt o us ing smart grid technology:

It is strongly recommended to focus a European FP 7 smart grid R&D project on grid
losses and smart grid optimization strategies.

This proj ect should model grid losses in cable s and transformers and explore grid losses
optimi zation strategies including active switching of transformers, active load
management, reduction of transformation steps, increasing the MV system voltage level

and precise monitoring  and prediction  of grid losses

7.1.6 Needs and requirements for harmonized stan dards to be developed

Need for a formal standard to measure the load and no load losses for smaller
industrial transformers:

It is proposed to use a similar method as distribution transformers (EN 60076 -X series).
Hereafter is a proposal on how to correct load losses for temperature effects:
1. Load losses should be measured as explained in standard EN 60076 -X series

with the transformer in the cold state at room temperature (25 °C).
2. Then, load losses should be corrected in the assumption of the insulation
te mperature class (IEC 60085) temperature minus 50 Celsius degrees.
Hence, the proposed formula is:

Rationale for this proposed method: this means that the transformer could be operated

safely in a temperature range up to 75 °C , Which is a common range for industrial
equipment. Temperature distribution effects are neglected in this method, this also

ju stifies the minus 50  °C downward correction.

Stakeholders are invited to comment on this proposal

Need to define and include fire behavio ur of distribution transformers filled
with  silicon liquid or biodegradable natural esters:

The fire behavio ur is only included in the standard on dry type transformers in IEC
60076 -11. The behavio ur of silicon liquid transformer under fire had never been tested
under standardization condition and pressure in the tank could lead to special results.
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Therefore , un u pdate of the IEC 60076 -11 standard for oil filled transformers is needed
taking new developments and test results into account

7.1.7 Needs for standards to be updated

Add two extra no -load classes in standard EN 50464 -1:
Additional findings  related to EN 50464 -1 were made in chapter 5 (see section 5.1.24 ):
the most ambitious no -l oad requirement included herein

enough taking into account recent developments with amorphous distribution
transformers

It is therefore recommended to extend the classes up to 0 .5xA0 and also include an
intermediate class 0 .75xA0, e.g. called AAO and AAAO.

Add extrano -load and load classes in draft standard pr EN50541 -1 standard EN
50464 -1.
Although these products were not found on the E uropean market it could be interesting

to introduce more ambitious no -load and load classes to avoid mitigation from oil -

immersed to dry  -type transformers

Recommendation to reconsider the maximum allowable tolerance of the total

losses in IEC 60076 -1:

The maximum allowable tolerance on the total losses (sum of th e load and no -load
losses) is + 10% of the total losses (IEC 60076 -1). This could be reduced to a lower
value (+7.5% or even lower) as suggested during the second stakeholder meeting.

Recommenda tion to include the values of the losses or the efficiency class of

the transformer on the rating plate of the transformer in IEC 60076 -1/ 7.1:

The values of the losses or the efficiency class of the transformer are not mandatory
information on the rating plate of the transformer (IEC 60076 -1/ 7.1).

7.1.8 Needs for product information related to transformer efficiency

It is proposed to request load and no -load losses to be mandatory information for
products within the scope of any future regulation and to issue a mandate to update
the related standard (see also recommendation in section 7.1.7).

7.1.9 Needs for product information related to recycling

It is recommended to reduce this to the weight of the conductor and core material in

the product information.

Rationale for this proposal : This is also beneficial for more efficient transformers
because the y most often rely on more conductor and core material (see chapter 5) and
the end user can account the residual value of transformer scrap material in its assets.

Any other stakeholder su ggestion is welcome (e.g. on bushing?) .

7.1.10 Suggestion to add a requirement for a dual or triple primary winding on
Oil -immersed distribution transformers with highest voltage for
equipment not exceeding 16 kV

In order to facilitate the MV grid to mitigate to a higher voltage over time and reduce
cable losses it might be considered to require a dual or triple primary winding as
explained in section  5.1.2.9 in chapter 5.

cl

ass

6 /
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7.1.11 Suggestions for additional installation requirements

Due to the mitigation to less efficient so-cal |l ed 6Very c epimgsea oilt- Thr e
i mmersed distribution tr alnlslf ibmighebe seéded that neembet i o n
states | imit the use of them to transformers installed on existing pole s or transformers
installed within existing buildings with limited space.

Due to the potential from oil -immersed to less efficient dry type transformers as
explained in sections 7.1.21 and 7.1.2.2 additional installation for dry -type
transformers are also advisabl e. It is recommended to limit the use of dry type
transformers only to industrial sites with a high risk of fire hazard, e.g. only to be

installed after approval of the local fire station.

More info and input is needed how this could be realised with legal instruments.

Stakeholders are invited to comment and provide input.

7.1.12 Explanation on the spreadsheet impact estimation tool for Member
States
This will be developed after the stakeholder meeting in line with the scenarios.

7.1.13 Policy analysis

Section 2.2 presents all market data and trends relevant for conducting the policy

analysis. Modifying the data located in Table 2 -11 with inputs from section 2.2.3.2 and
4.5.1 in order to estimate future demand with the base -cases, the following inputs are
used in al | scenarios:

Table 7-3: Policy analysis market inputs

stock growth | lifetime
2005 2020 %lyear | (years)

BC1- Distribution 2250000 2786875 1.4% 40

BC2- Industry oil 504 000 624 330 1.4% 25

BC3 Industry dry 108 000 134 047 1.5% 30

BC4- Power 64 350 80 000 1.5% 30

BC5- DER oil 4 000 18 000 10.5% 25

BC6- DER dry 16 000 72 000 10.5% 25

BC7- Small 750 000 750 000 0.0% 10
In addition, each base -case has a replacement rate which is inversely proportional to
the lifetime of the transformer. For example, 2.5% of the stock of base -case 1 is
replaced each year within the model. Table 7-4 uses the market input s and

extrapolates linearly to 2025.

Table 7-4: Detailed market trends 2005 -2025
BC1 BC2 BC3 BC4 BC5 BC6 BC7
Stock 2 250 000 504 000 108000 64350 4000 16 000 750 000
Sales 88 579 27 405 5167 3086 582 2328 75 000

2005
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BC1 BC2 BC3 BC4 BC5 BC6 BC7
Replaced 56 250 20 160 3 600 2145 160 640 75 000
Stock 2282 329 511245 109567 65291 4422 17688 750 000
2006  Sales 89 851 27799 5242 3131 643 2573 75 000
Replaced 57 058 20 450 3652 2176 177 708 75 000
Stock 2315122 518595 111157 66245 4888 19553 750 000
2007  Sales 91 142 28 199 5318 3177 711 2844 75 000
Replaced 57 878 20 744 3705 2208 196 782 75 000
Stock 2 348 386 526 050 112769 67214 5404 21615 750000
2008  Sales 92 452 28 604 5395 3223 786 3144 75 000
Replaced 58 710 21042 3759 2240 216 865 75 000
Stock 2382128 533613 114405 68196 5974 23895 750 000
2009  sales 93 780 29 016 5473 3270 869 3476 75 000
Replaced 59 553 21 345 3814 2273 239 956 75 000
Stock 2 416356 541284 116065 69193 6604 26 415 750000
2010 sales 95128 29 433 5553 3318 961 3843 75 000
Replaced 60 409 21651 3 869 2 306 264 1057 75 000
Stock 2451074 549065 117749 70205 7300 29201 750 000
2011 sales 96 495 29 856 5633 3 366 1062 4 248 75 000
Replaced 61 277 21 963 3925 2340 292 1168 75 000
Stock 2 486 292 556 959 119457 71231 8070 32281 750000
2012 sales 97 881 30 285 5715 3416 1174 4 696 75 000
Replaced 62 157 22 278 3982 2374 323 1291 75 000
Stock 2522016 564 965 121190 72272 8922 35686 750 000
2013 sales 99 287 30 720 5798 3 466 1298 5191 75 000
Replaced 63 050 22599 4040 2409 357 1427 75 000
Stock 2 558 253 573087 122949 73329 9863 39450 750000
2014  sales 100 714 31162 5882 3516 1435 5739 75 000
Replaced 63 956 22923 4 098 2444 395 1578 75 000
Stock 2595011 581326 124732 74401 10903 43611 750000
2015 sales 102 161 31610 5967 3 568 1 586 6 344 75 000
Replaced 64 875 23 253 4158 2480 436 1744 75 000
Stock 2632 297 589683 126542 75488 12053 48211 750000
2016  Sales 103 629 32 065 6 054 3620 1753 7013 75 000
Replaced 65 807 23 587 4218 2516 482 1928 75 000
Stock 2670118 508160 128378 76592 13324 53295 750000
2017 Sales 105 118 32 525 6 142 3673 1938 7 753 75 000
Replaced 66 753 23 926 4279 2553 533 2132 75 000
Stock 2708 483 606 759 130241 77711 14729 58917 750 000
2018 Sales 106 628 32 993 6231 3726 2143 8571 75 000
Replaced 67 712 24 270 4 341 2590 589 2357 75 000
Stock 2747 400 615482 132130 78847 16283 65131 750000
2019 sales 108 160 33 467 6 321 3781 2 369 9475 75 000
Replaced 68 685 24 619 4 404 2628 651 2 605 75 000
2020  Stock 2786 875 624 330 134047 80000 18000 72000 750000
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BC1 BC2 BC3 BC4 BC5 BC6 BC7
Sales 109 715 33948 6413 3836 2618 10474 75000
Replaced 69 672 24 973 4 468 2 667 720 2880 75 000
Stock 2 826 918 633305 135992 81169 19898 79594 750 000
2021  Sales 111 291 34 437 6 506 3892 2 895 11579 75000
Replaced 70673 25 332 4533 2 706 796 3184 75 000
Stock 2 867 536 642410 137965 82356 21997 87989 750 000
2022 sales 112 890 34932 6 600 3949 3200 12800 75000
Replaced 71688 25 696 4 599 2745 880 3520 75 000
Stock 2908 737 651645 139966 83560 24317 97269 750 000
2023  Sales 114512 35434 6 696 4 007 3537 14150 75000
Replaced 72718 26 066 4 666 2785 973 3891 75 000
Stock 2950531 661013 141997 84781 26882 107528 750 000
2024  sales 116 157 35943 6 793 4 065 3911 15 642 75 000
Replaced 73763 26 441 4733 2 826 1075 4 301 75 000
Stock 2 992 925 670515 144057 86021 29717 118869 750 000
2025 Sales 117 826 36 460 6 892 4125 4 323 17292 75000
Replaced 74 823 26 821 4 802 2 867 1189 4 755 75 000
7.1.13.1 BAU
The business as usual scenario assumes that the base -cases remain in use for the
entire scope of the analysis. As Table 7-5 shows, the transformer market is estimated

to consume 1 30.3 TWh of electricity in 2025. Total electricity consumption from 2011 -
2025 is expected to be 1721 TWh. Using the EcoReport conversio  n factor of 0.458 kg
CO2eqg/kWh, greenhouse gas emissions for 2025 amount to 59.7 Mt CO »€q, and 788.3
Mt CO ,eq for the period of 2011  -2025.

As Figure 7-2 shows, base -case 4 (power transformers) use the most significant portion
of electricity , during the period 2011  -2025, with 58 %, while distribution and industry oil
follow with  19% and 1 4%, respectively.
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1% 0%

EBC1 EBC2 mBC3 NBC4 mBCS5 mBC6 ®BC7

Figure 7-2: BAU electricity consumption 2011 -2025 of each base -case
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Table 7-5: Business as usual market trends and  electricity consumption

BC1 BC2 BC3 BC4 BC5 BC6 BC7 Total
DODk EOCk COBk 80-300 EOCk COBk | 110750
Electricity consumption (kWh/unit/year) 7 859 27 168 39727 | 852173 | 59094 | 62415 505
Stock 2250000 504 000( 108000| 64350( 4000 16 000| 750 000| 3696 350
2005 Sales 88579 27 405 5167 3 086 582 2 328 75 000 202 146
Electricity consumption (TWh) 17.7 13.7 4.3 54.8 0.2 1.0 0.4 92.1
Stock 2282329| 511245 109567 65291 4422 17 688| 750000 3740541
2006 Sales 89851 27799 5242 3131 643 2573 75 000 204 240
Electricity consumption (TWh) 17.9 13.9 4.4 55.6 0.3 1.1 0.4 93.6
Stock 2315 122| 518595 111157 66245 4888 19553| 750000 3785560
2007 Sales 91 142| 28199 5318 3177 711 2844 75 000 206 391
Electricty consumption (TWh) 18.2 14.1 4.4 56.5 0.3 1.2 0.4 95.0
Stock 2348 386| 526 050 112769| 67214 5404| 21615 750000 3831438
2008 Sales 92452 28 604 5395 3223 786 3144 75 000 208 605
Electricty consumption (TWh) 18.5 14.3 4.5 57.3 0.3 1.3 0.4 96.6
Stock 2382 128| 533613 114405| 68196( 5974| 23895 750000 3878212
2009 Sales 93780 29 016 5473 3270 869 3476 75 000 210 885
Electricity consumption (TWh) 18.7 145 4.5 58.1 0.4 15 0.4 98.1
Stock 2416 356| 541284 116065 69193 6604| 26415 750000 3925917
2010 Sales 95128| 29433 5553 3318 961 3843 75 000 213 235
Electricty consumption (TWh) 19.0 14.7 4.6 59.0 0.4 1.6 0.4 99.7
Stock 2451 074| 549065 117 749| 70205 7300| 29201| 750000 3974595
2011 Sales 96495 29 856 5633 3 366 1062 4248 75 000 215 660
Electricty consumption (TWh) 19.3 14.9 4.7 59.8 0.4 1.8 0.4 101.3
Stock 2486 292| 556 959| 119457| 71231 8070| 32281| 750000 4024291
2012 Sales 97881| 30285 5715 3416 1174 4 696 75 000 218 167
Electricty consumption (TWh) 195 151 4.7 60.7 0.5 2.0 0.4 103.0
2013 Stock 2522 016| 564 965| 121190| 72272 8922| 35686| 750000 4075052
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2014

2015

2016

2017

2018

2019

2020

2021

2022

Sales
Electricty consumption (TWh)
Stock
Sales
Electricity consumption (TWh)
Stock
Sales
Electricty consumption (TWh)
Stock
Sales
Electricity consumption (TWh)
Stock
Sales
Electricity consumption (TWh)
Stock
Sales
Electricty consumption (TWh)
Stock
Sales
Electricity consumption (TWh)
Stock
Sales
Electricty consumption (TWh)
Stock
Sales
Electricity consumption (TWh)
Stock

BC1

DODk
99 287
19.8
2 558 253
100714
20.1
2595 011
102 161
20.4
2632297
103629
20.7
2670118
105118
21.0
2708 483
106 628
213
2747 400
108160
21.6
2786 875
109715
21.9
2 826 918
111291
22.2
2 867 536

BC2

EOCk
30 720
15.3
573 087
31 162
15.6
581 326
31610
15.8
589 683
32 065
16.0
598 160
32525
16.3
606 759
32993
16.5
615 482
33 467
16.7
624 330
33948
17.0
633 305
34 437
17.2
642 410

BC3
COBk

5798
4.8

122 949
5882
4.9

124 732
5967
5.0

126 542
6 054
5.0

128 378
6 142
51

130 241
6 231
5.2

132 130
6 321
5.2

134 047
6413
5.3

135 992
6 506
5.4

137 965

BC4
80-300

3 466
61.6
73 329
3516
62.5
74 401
3 568
63.4
75 488
3620
64.3
76 592
3673
65.3
77711
3726
66.2
78 847
3781
67.2
80 000
3 836
68.2
81 169
3892
69.2
82 356

BC5
EOCk
1298
0.5
9 863
1435
0.6
10 903
1586
0.6
12 053
1753
0.7
13324
1938
0.8
14729
2 143
0.9
16 283
2 369
1.0
18 000
2618
11
19 898
2 895
1.2
21 997

BC6
COBk
5191
2.2
39 450
5739
2.5
43 611
6 344
2.7
48 211
7013
3.0
53 295
7753
3.3
58 917
8571
3.7
65 131
9475
4.1
72 000
10474
4.5
79 594
11579
5.0
87 989

BC7
110750
75 000
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000

Total

220 761
104.7
4126 930
223 448
106.5
4179 983
226 236
108.3
4234 273
229 134
110.2

4 289 867
232 149
112.1

4 346 840
235292
1141

4 405 272
238 573
116.2

4 465 252
242 005
118.3

4 526 877
245 599
120.5

4 590 252
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2023

2024

2025

2011-2025

Sales
Electricity consumption (TWh)
Stock
Sales
Electricty consumption (TWh)
Stock
Sales
Electricty consumption (TWh)
Stock
Sales
Electricity consumption (TWh)

Electricity consumption (TWh)

BC1
DODk
112890

22.5
2908 737
114 512
22.9
2950 531
116157
23.2
2992 925
117826
23.5

319.9

BC2

EOCk
34 932
175
651 645
35434
17.7
661 013
35943
18.0
670 515
36 460
18.2

247.7

BC3
COBk
6 600
55
139 966
6 696
5.6
141 997
6 793
5.6
144 057
6 892
5.7

77.8

BC4
80-300

3949
70.2
83 560
4 007
71.2
84 781
4 065
72.2
86 021
4125
73.3

995.3 |

BC5
EOCk
3 200
13
24 317
3 537
1.4
26 882
3911
1.6
29 717
4 323
1.8

14.3|

BC6
COBk
12 800
55
97 269
14 150
6.1
107 528
15 642
6.7
118 869
17 292
7.4

60.5

BC7
110750
75 000
0.4
750 000
75 000
0.4
750 000
75000
0.4
750 000
75 000
0.4

5.7

Total

249 371
122.8

4 655 495
253 336
125.2
4722732
257 512
127.7
4792 105
261918
130.3

1721.2
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7.1.13.2 LLCC

The least life -cycle cost scenario assumes that minimum performance requirements
gradually implement all LLCC options, as calculated in Task 6. The requirements are
implemented in two phases, the first in 201 3 and the second in 201 5, as shown in
Table 7-6.

Table 7-6: LLCC minimum performance requirements

2010 2013 2015
BC1 DODk COCk AO0Ck
BC2 EOCk BOBk AOAK
BC3 COBk BOBk AO0Bk
BC4 80-300 60-300 30-300
BC5 EOCk COCk AOAK
BC6 COBk BOBk AOAK
BC7 110750 - -
Using the minimum performance requirements to dictate market trends, Table 7-7 and
Table 7-8 show that the transformer market would consume 1 01.7 TWh of electricity in
2025, 2 1.9% less than the BAU scenario. Total electricity consumption from 2011 -2025
is expected to be 1 556 TWh, 9.6% less than BAU . Using the EcoReport conversion
factor of 0.458 kg CO2eqg/kWh, greenhouse gas emissions for 2025 amount to 46.6 Mt

CO,eq, and 712.4 Mt CO ,eq for the period of 2011  -2025. These numbers are 13.1 and
75.8 Mt CO ,eq less than BAU, respectively .

Note that the scenario results are split into Table 7-7 and Table 7-8 as the results did
not fit within one table. Upon finalising the report, a n easier -to-read spreadsheet
version can be found on the project website at www .ecotransformer.org.
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Table 7-7: LLCC market trends and electricity consumption (BC1 -4)
BC1 BC2 BC3 BC4
2010 2013 2015 2010 2013 2015 2010 2013 2015 2010 2013 2015
DODk COCk AOCk EOCk  BOBk  AOAk COBk BOBKk  AOBk | 80300 60300  30-300
Electricity (kWh/unit/year) 7 859 6 632 5 056 27168 18757 15631 | 39727 33595 30967 | 852173 676973 414173
Stock (units) 2 250 000 504 000 0 0| 108000 0 0| 64350 0 0
2005 Sales (units) 88579 27 405 0 0 5167 0 0 3086 0 0
Electricity (TWh) 17.7 0.0 0.0 13.7 0.0 0.0 4.3 0.0 0.0 54.8 0.0 0.0
Stock (units) 2282 329 511 245 0 0| 109567 0 0| 65291 0 0
2006 Sales (units) 89 851 27 799 0 0 5242 0 0 3131 0 0
Electricity (TWh) 17.9 0.0 0.0 13.9 0.0 0.0 4.4 0.0 0.0 55.6 0.0 0.0
Stock (units) 2315122 518 595 0 0| 111157 0 0| 66245 0 0
2007 Sales (units) 91 142 28 199 0 0 5318 0 0 3177 0 0
Electricity (TWh) 18.2 0.0 0.0 14.1 0.0 0.0 4.4 0.0 0.0 56.5 0.0 0.0
Stock (units) 2 348 386 526 050 0 0| 112769 0 0| 67214 0 0
2008 Sales (units) 92 452 28 604 0 0 5 395 0 0 3223 0 0
Electricity (TWh) 18.5 0.0 0.0 14.3 0.0 0.0 45 0.0 0.0 57.3 0.0 0.0
Stock (units) 2382128 533 613 0 0| 114405 0 0| 68196 0 0
2009 Sales (units) 93 780 29 016 0 0 5473 0 0 3270 0 0
Electricity (TWh) 18.7 0.0 0.0 14.5 0.0 0.0 45 0.0 0.0 58.1 0.0 0.0
Stock (units) 2 416 356 541 284 0 0| 116065 0 0| 69193 0 0
2010 Sales (units) 95 128 29 433 0 0 5553 0 0 3318 0 0
Electricity (TWh) 19.0 0.0 0.0 14.7 0.0 0.0 4.6 0.0 0.0 59.0 0.0 0.0
Stock (units) 2 451 074 549 065 0 0| 117749 0 0| 70205 0 0
2011 Sales (units) 96 495 29 856 0 0 5 633 0 0 3366 0 0
Electricity (TWh) 19.3 0.0 0.0 14.9 0.0 0.0 a7 0.0 0.0 59.8 0.0 0.0
Stock (units) 2 486 292 556 959 0 0| 119457 0 0| 71231 0 0
2012 Sales (units) 97 881 30 285 0 0 5715 0 0 3416 0 0
Electricity (TWh) 19.5 0.0 0.0 15.1 0.0 0.0 4.7 0.0 0.0 60.7 0.0 0.0
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2013

2014

2015

2016

2017

2018

2019

2020

2021

Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)

2010
DODk

2522 016
0

19.8
2 458 966
0

19.3
2 395 009
0

18.8
2330134
0

18.3

2 264 327
0

17.8
2197574
0

17.3
2129 862
0

16.7
2061177
0

16.2
1991 505
0

BC1
2013
COCk

0

99 287

0.0

99 287
100 714
0.7

200 002
0

1.3

200 002
0

1.3

200 002
0

1w

200 002
0

1.3

200 002
0

13

200 002
0

1.3

200 002
0

2015
AO0Ck

0.0

0

102 161
0.0

102 161
103 629
0.5

205 790
105 118
1.0

310 908
106 628
1.6

417 537
108 160
2.1

525 697
109 715
2.7

635 411
111 291

2010
EOCk
564 965

0

15.3
542 367
0

14.7

519 443
0

141
496 190
0

13.5
472 603
0

12.8
448 677
0

12.2
424 406
0

115
399 787
0

10.9
374 814
0

BC2
2013
BOBk

30720
0.0
30720
31162
0.6
61 883

12
61 883

1.2
61 883

12
61 883

1.2
61 883

12
61 883

1.2
61 883
0

2015
AOAK

0.0

0
31610
0.0
31610
32 065
0.5

63 675
32525
1.0

96 200
32993
15

129 193
33 467
2.0

162 661
33948
2.5

196 609
34 437

2010
COBk
121 190
0
4.8
117 151
0
4.7
113 052
0
4.5
108 895
0
4.3
104 677
0
4.2
100 397
0
4.0
96 056
0
3.8
91 652

3.6
87 183
0

BC3
2013
BOBk

5798
0.0
5798
5882
0.2

11 680

0.4
11680

0.4
11 680

0.4
11 680

0.4
11 680

0.4
11 680

0.4
11 680
0

2015
AOBk

5967
0.0
5967
6 054
0.2

12 021
6 142
0.4

18 163
6231
0.6

24 394
6 321
0.8

30 715
6413
1.0

37 128
6 506

2010

80-300
72 272
0
61.6
69 863
0
59.5
67 419
0
57.5
64 939
0
55.3
62 422
0
53.2
59 869
0
51.0
57 279
0
48.8
54 651
0
46.6
51 984
0

BC4
2013
60-300
0
3 466
0.0
3 466
3516
2.3
6 982
0
4.7
6982
0
4.7
6 982

4.7
6982

4.7
6 982

4.7
6 982

4.7
6 982
0

2015

30-300
0
0
0.0
0
0
0.0
0
3568
0.0
3568
3620
15
7187
3673
3.0
10 860
3726
4.5
14 587
3781
6.0
18 367
3 836
7.6
22 204
3892
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BC1 BC2 BC3
2010 2013 2015 2010 2013 2015 2010 2013 2015 2010
DODk COCk AOCk EOCk  BOBk  AOAk COBk BOBk AOBK 80-300
Electricity (TWh) 15.7 1.3 3.2 10.2 1.2 3.1 35 0.4 1.1 443
Stock (units) 1920832 200002  746702| 349481 61883 231046 82650 11680 43634| 49278
2022 Sales (units) 0 0 112 890 0 0 34932 0 0 6 600 0
Electricity (TWh) 15.1 1.3 3.8 9.5 1.2 3.6 33 0.4 1.4 42.0
Stock (units) 1849143 200002  859592| 323785 61883 265977| 78052 11680 50235| 46533
2023 Sales (units) 0 0 114 512 0 0 35434 0 0 6 696 0
Electricity (TWh) 14.5 1.3 4.3 8.8 1.2 4.2 3.1 0.4 1.6 39.7
Stock (units) 1776425 200002  974104| 297719 61883 301411| 73386 11680 56931| 43748
2024 Sales (units) 0 0 116 157 0 0 35943 0 0 6 793 0
Electricity (TWh) 14.0 1.3 4.9 8.1 1.2 4.7 2.9 0.4 1.8 37.3
Stock (units) 1702662 200002 1090262 271279 61883 337354 68653 11680 63724| 40922
2025 Sales (units) 0 0 117 826 0 0 36460 0 0 6 892 0
Electricity (TWh) 13.4 1.3 55 7.4 1.2 5.3 2.7 0.4 2.0 34.9
20112025  Electricity (TWh) 255.7 15.2 29.7 179.1 13.3 28.4 \ 58.8 45 10.6 752.1
Table 7-8: LLCC market trends and electricity consumption (BC5 -7 and totals)
BC5 BC6 BC7 Total Difference with BAU
2010 2013 2015 2010 2013 2015 2010 absolute  relative
EOCk COCk AOAk | COBk BOBk  AOAk | 110750
Electricity (kWh/unit/year) | 59094 50334 35515 | 62415 53655 47109 505
Stock (units) 4000 0 0| 16000 0 0| 750000| 3696350 0.0 0.0%
2005 Sales (units) 582 0 0| 2328 0 0 75000 202 146 0.0 0.0%
Electricity (TWh) 0.2 0.0 0.0 1.0 0.0 0.0 0.4 92.1 0.0 0.0%
2006 Stock (units) 4422 0 0| 17688 0 0| 750000| 3740541 0.0 0.0%
Sales (units) 643 0 0| 2573 0 0 75000| 204 240 0.0 0.0%

BC4
2013
60-300
4.7
6 982
0
4.7
6 982
0
4.7
6982

4.7
6 982

4.7

54.3

2015

30-300
9.2
26 096
3949
10.8
30 045
4 007
12.4
34 052
4 065
141
38 117
4125
15.8

84.9
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2007

2008

2009

2010

2011

2012

2013

2014

2015

Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)

2010
EOCk
0.3
4 888
711
0.3
5404
786
0.3
5974
869
0.4
6 604
961
0.4
7 300
1062
0.4
8 070
1174
0.5
8 922

0.5
8 565

0.5
8170

BC5
2013
COCk

1298
0.0
1298
1435
0.1
2733

2015
AOAk

2010
COBk
11
19 553
2844
1.2
21615
3144
13
23 895
3476
15
26 415
3843
1.6
29 201
4 248
1.8
32281
4 696
2.0
35 686

2.2
34 259

21
32 681

BC6
2013
BOBk

5191
0.0
5191
5739
0.3

10 930

2015
AOAK

BC7
2010
110750
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000
75000
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000
75 000
0.4
750 000

Total

93.6

3 785 560
206 391
95.0
3831438
208 605
96.6
3878212
210 885
98.1
3925917
213 235
99.7
3974 595
215 660
101.3
4024 291
218 167
103.0

4 075 052
220 761
104.7
4126 930
223 448
105.4
4179 983

Difference with BAU

absolute

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-1.1
0.0

relative

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-1.0%
0.0%
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BC5 BC6 BC7 Total Difference with BAU
2010 2013 2015 2010 2013 2015 2010 absolute relative
EOCk COCk AOAk | COBk  BOBk  AOAk | 110750

Sales (units) 0 0 1586 0 0 6344| 75000| 226236 0.0 0.0%

Electricity (TWh) 0.5 0.1 0.0 2.0 0.6 0.0 0.4 106.1 2.2 -2.0%

Stock (units) 7734 2733 1586| 30936 10930 6344 | 750000 4234273 0.0 0.0%

2016 Sales (units) 0 0 1753 0 0 7013| 75000 229134 0.0 0.0%
Electricity (TWh) 0.5 0.1 0.1 1.9 0.6 0.3 0.4 105.6 -4.6 -4.2%

Stock (units) 7252 2733 3339| 29008 10930 13357| 750000| 4 289 867 0.0 0.0%

2017 Sales (units) 0 0 1938 0 0 7753| 75000| 232149 0.0 0.0%
Electricity (TWh) 0.4 0.1 0.1 1.8 0.6 0.6 0.4 105.1 -7.0 -6.3%

Stock (units) 6719 2733 5278| 26876 10930 21110| 750000| 4 346840 0.0 0.0%

2018 Sales (units) 0 0 2143 0 0 8571| 75000| 235292 0.0 0.0%
Electricity (TWh) 0.4 0.1 0.2 1.7 0.6 1.0 0.4 104.6 9.5 -8.3%

Stock (units) 6130 2733 7420| 24519 10930 29681| 750000| 4 405272 0.0 0.0%

2019 Sales (units) 0 0 2369 0 0 9475| 75000 238573 0.0 0.0%
Electricity (TWh) 0.4 0.1 0.3 15 0.6 1.4 0.4 104.1 2121 -10.4%

Stock (units) 5479 2733 9789| 21914 10930 39156| 750000| 4 465 252 0.0 0.0%

2020 Sales (units) 0 0 2618 0 0 10474| 75000| 242 005 0.0 0.0%
Electricity (TWh) 0.3 0.1 0.3 1.4 0.6 1.8 0.4 103.6 147 -12.4%

Stock (units) 4759 2733 12407| 19034 10930 49630| 750000| 4526877 0.0 0.0%

2021 Sales (units) 0 0 2895 0 0 11579 75000| 245599 0.0 0.0%
Electricity (TWh) 0.3 0.1 0.4 1.2 0.6 2.3 0.4 103.2 173 -14.4%

Stock (units) 3963 2733 15302| 15850 10930 61208| 750000| 4590 252 0.0 0.0%

2022 Sales (units) 0 0 3200 0 0 12800| 75000 249371 0.0 0.0%
Electricity (TWh) 0.2 0.1 0.5 1.0 0.6 2.9 0.4 102.8 -20.0  -16.3%

Stock (units) 3083 2733 18502| 12331 10930 74008| 750000| 4 655495 0.0 0.0%

2023 Sales (units) 0 0 3537 0 0 14150 75000 253336 0.0 0.0%
Electricity (TWh) 0.2 0.1 0.7 0.8 0.6 35 0.4 102.4 -22.8  -18.2%
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Stock (units)

2024 Sales (units)
Electricity (TWh)
Stock (units)

2025 Sales (units)

Electricity (TWh)

20112025  Electricity (TWh)

2010
EOCk
2110

0.1
1035

0.1

53

BCS
2013
COCk

2733

0.1
2733

0.1

1.6

2015

AOAK
22 039
3911
0.8
25 950
4323
0.9

4.3

2010
COBk
8 440

0.5
4139

0.3

22.3

BC6
2013
BOBk
10930

0.6
10 930

0.6

6.7

2015

AOAK
88 158
15 642
4.2
103 800
17 292
4.9

22.9

BC7
2010
110750
750 000
75 000
0.4
750 000
75 000
0.4

5.7

Total

4722732
257 512
102.0
4792 105
261918
101.7

1555.6

Difference with BAU

absolute

0.0
0.0
-25.7
0.0
0.0
-28.6

-165.6

relative

0.0%
0.0%
-20.1%
0.0%
0.0%
-21.9%

-9.6%
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7.1.13.3 BAT

The best available technology scenario assumes that minimum performance
requirements gradually implement all BAT options, as calculated in Tas k 6. The
requirements are implemented in two phases, the first in 201 3 and the second in 201 5,

as shownin Table 7-9. An exception, b ase-case 1 has athird phasein 2017.

Table 7-9: BAT minimum performance requirements

2010 2013 2015 2017

BC1 DODk BOBk AOAK  AO02Ak

BC2 EOCk BOBk AOQAK -

BC3 COBk AOBK AOAK -

BC4 80-300 30-300 30-250 -

BC5 EOCk CO0Ck AOAK -

BC6 COBk BOBk AOQAK -

BC7 110750 110400 - -
Using the minimum performance requirements to dictate market trends, Table 7-10
and Table 7-11 show that the transformer market would consume 96.2 TWh of

electricity in 2025, 2 6.2% | ess than the BAU scenario. Total electricity consumption

from 2011 -2025 is expected to be 1 515 TWh, 1 2.0% less than BAU. Using the
EcoReport conversion factor of 0.458 kg CO2eq/kWh, greenhouse gas emissions for

2025 amount to 4 4.1 Mt CO,eq, and 693.9 Mt CO,eq for the period of 2011  -2025.
These numbersarel 5.6 and 94.4 Mt CO ,eq less than BAU, respectively.

Note that the scenario results are split into Table 7-10 and Table 7-11 as the results did
not fit within one table. Upon finalising the report, an easier -to-read spreadsheet
version can be found on the project website at www.ecotransformer.org.
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Table 7-10: BAT market trends and electricity consumption (BC1 -4)
BC1 BC2 BC3 BC4
2010 2013 2015 2017 2010 2013 2015 2010 2013 2015 2010 2013 2015
DODk BOBk AOAK A02Ak EOCk  BOBk  AOAk COBk  AOBk  AOAk | 80300 30300  30-250
Electricity (kWh/unit/year) 7 859 5634 4677 2619 27168 18757 15631 | 39727 30967 28629 | 852173 414173 388944
Stock (units) 2 250 000 504 000 0 0| 108000 0 0| 64350 0 0
2005 Sales (units) 88579 27 405 0 0 5167 0 0 3086 0 0
Electricity (TWh) 17.7 0.0 0.0 0.0 13.7 0.0 0.0 4.3 0.0 0.0 54.8 0.0 0.0
Stock (units) 2282 329 511 245 0 0| 109567 0 0| 65291 0 0
2006 Sales (units) 89 851 27 799 0 0 5242 0 0 3131 0 0
Electricity (TWh) 17.9 0.0 0.0 0.0 13.9 0.0 0.0 4.4 0.0 0.0 55.6 0.0 0.0
Stock (units) 2315122 518 595 0 0| 111157 0 0| 66245 0 0
2007 Sales (units) 91 142 28 199 0 0 5318 0 0 3177 0 0
Electricity (TWh) 18.2 0.0 0.0 0.0 14.1 0.0 0.0 4.4 0.0 0.0 56.5 0.0 0.0
Stock (units) 2 348 386 526 050 0 0| 112769 0 0| 67214 0 0
2008 Sales (units) 92 452 28 604 0 0 5 395 0 0 3223 0 0
Electricity (TWh) 18.5 0.0 0.0 0.0 14.3 0.0 0.0 45 0.0 0.0 57.3 0.0 0.0
Stock (units) 2382128 533 613 0 0| 114405 0 0| 68196 0 0
2009 Sales (units) 93 780 29 016 0 0 5473 0 0 3270 0 0
Electricity (TWh) 18.7 0.0 0.0 0.0 14.5 0.0 0.0 4.5 0.0 0.0 58.1 0.0 0.0
Stock (units) 2 416 356 541 284 0 0| 116065 0 0| 69193 0 0
2010 Sales (units) 95 128 29 433 0 0 5553 0 0 3318 0 0
Electricity (TWh) 19.0 0.0 0.0 0.0 14.7 0.0 0.0 4.6 0.0 0.0 59.0 0.0 0.0
Stock (units) 2 451 074 549 065 0 0| 117749 0 0| 70205 0 0
2011 Sales (units) 96 495 29 856 0 0 5633 0 0 3366 0 0
Electricity (TWh) 19.3 0.0 0.0 0.0 14.9 0.0 0.0 47 0.0 0.0 59.8 0.0 0.0
Stock (units) 2 486 292 556 959 0 0| 119457 0 0| 71231 0 0
2012 Sales (units) 97 881 30 285 0 0 5715 0 0 3416 0 0
Electricity (TWh) 19.5 0.0 0.0 0.0 15.1 0.0 0.0 4.7 0.0 0.0 60.7 0.0 0.0
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2013

2014

2015

2016

2017

2018

2019

2020

2021

Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)

2010
DODk
2522 016
0
19.8
2 458 966
0
19.3
2 395 009
0
18.8
2330134
0
18.3
2 264 327
0
17.8
2197574
0
17.3
2129 862
0
16.7
2061177
0
16.2
1991 505
0

BC1

2013 2015

BOBk AOAK
0 0
99 287 0
0.0 0.0
99 287 0
100 714 0
0.6 0.0
200 002 0
0 102161
11 0.0
200002 102161
0 103629
11 0.5
200 002 205 790
0 0
11 1.0
200002 205790
0 0
11 1.0
200 002 205 790
0 0
11 1.0
200002 205790
0 0
11 1.0
200 002 205 790
0 0

2017
A02Ak

0.0

0

105 118
0.0
105118
106 628
0.3

211 746
108 160
0.6

319 907
109 715
0.8
429 621
111 291

2010
EOCk
564 965

0

15.3
542 367
0

14.7

519 443
0

141
496 190
0

13.5
472 603
0

12.8
448 677
0

12.2
424 406
0

115
399 787
0

10.9
374 814
0

BC2
2013
BOBk

30720
0.0
30720
31162
0.6
61 883

1.2
61 883

1.2
61 883

1.2
61 883

1.2
61 883

1.2
61 883

1.2
61 883
0

2015
AOAK

0.0

0
31610
0.0
31610
32 065
0.5

63 675
32525
1.0

96 200
32993
15

129 193
33 467
2.0

162 661
33948
2.5

196 609
34 437

2010
CO0Bk
121 190
0
4.8
117 151
0
4.7
113 052
0
4.5
108 895
0
4.3
104 677
0
4.2
100 397
0
4.0
96 056
0
3.8
91 652

3.6
87 183
0

BC3
2013
AOBk

5798
0.0
5798
5882
0.2

11 680

0.4
11680

0.4
11 680

0.4
11 680

0.4
11 680

0.4
11 680

0.4
11 680
0

2015
AOAK

5967
0.0
5967
6 054
0.2

12 021
6 142
0.3

18 163
6231
0.5

24 394
6321
0.7

30 715
6413
0.9

37 128
6 506

2010

80-300
72 272
0
61.6
69 863
0
59.5
67 419
0
57.5
64 939
0
55.3
62 422
0
53.2
59 869
0
51.0
57 279
0
48.8
54 651
0
46.6
51 984
0

BC4
2013
30-300
0
3 466
0.0
3 466
3516
1.4
6 982
0
2.9
6 982
0
2.9
6 982

2.9
6 982

2.9
6 982

2.9
6 982

2.9
6 982
0

2015

30-250
0
0
0.0
0
0
0.0
0
3568
0.0
3568
3620
1.4
7187
3673
2.8
10 860
3726
4.2
14 587
3781
5.7
18 367
3 836
7.1
22 204
3892
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2022

2023

2024

2025

20112025

Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)

Electricity (TWh)

2010
DODk
15.7
1920 832
0
15.1
1849 143
0
145
1776 425
0
14.0
1702 662
0
13.4

255.7

BC1

2013 2015 2017 2010

BOBk AOAK A02Ak EOCk
11 1.0 11 10.2
200 002 205 790 540912| 349481
0 0 112 890 0
11 1.0 1.4 9.5
200002 205 790 653 802| 323785
0 0 114 512 0
11 1.0 1.7 8.8
200002 205790 768 314| 297719
0 0 116 157 0
11 1.0 2.0 8.1
200002 205 790 884 472| 271279
0 0 117 826 0
11 1.0 2:8) 7.4
13.0 9.1 10.2 179.1

7-11: BAT market trends and electric

ity consumption

BC2 BC3
2013 2015 2010 2013 2015 2010
BOBk AOAK CO0Bk AOBk AOAK 80-300
12 3.1 3.5 0.4 11 443
61883 231046 82650 11680 43 634 49 278
0 34 932 0 0 6 600 0
12 3.6 3.3 0.4 1.2 42.0
61883 265977 78052 11680 50 235 46 533
0 35434 0 0 6 696 0
12 4.2 3.1 0.4 1.4 39.7
61883 301411 73386 11680 56 931 43 748
0 35943 0 0 6 793 0
12 4.7 2.9 0.4 1.6 37.3
61883 337 354 68 653 11 680 63 724 40 922
0 36 460 0 0 6 892 0
1.2 B 2.7 0.4 1.8 34.9
13.3 28.4 ‘ 58.8 4.2 9.8 752.1

(BC5 -7 and totals)

BC5 BC6 BC7 Total Difference with BAU
2010 2013 2015 2010 2013 2015 2010 2015 absolute  relative
EOCk COCk AOAk | COBk  BOBk AOAK | 110750 110400
Electricity (kWh/unit/year) | 59094 50334 35515| 62415 53655 47109 505 359
Stock (units) 4000 0 0| 16000 0 0| 750000 3696 350 0.0 0.0%
2005 Sales (units) 582 0 0| 2328 0 0 75 000 202 146 0.0 0.0%
Electricity (TWh) 0.2 0.0 0.0 1.0 0.0 0.0 0.4 0.0 92.1 0.0 0.0%
2006 Stock (units) 4422 0 0| 17688 0 0| 750000 3740541 0.0 0.0%
Sales (units) 643 0 0| 2573 0 0 75 000 204 240 0.0 0.0%

BC4
2013
30-300
2.9
6 982
0
2.9
6 982
0
2.9
6 982

2.9
6 982

2.9

33.2

2015

30-250
8.6
26 096
3949
10.1
30 045
4 007
11.7
34 052
4 065
13.2
38 117
4125
14.8

79.8
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2007

2008

2009

2010

2011

2012

2013

2014

2015

Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity(TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)

2010
EOCk
0.3
4 888
711
0.3
5404
786
0.3
5974
869
0.4
6 604
961
0.4
7 300
1062
0.4
8 070
1174
0.5
8 922

0.5
8 565

0.5
8170

BC5
2013
COCk

1298
0.0
1298
1435
0.1
2733

2015
AOAk

2010
COBk
1.1
19 553
2844
1.2
21615
3 144
1.3
23895
3476
1.5
26 415
3843
1.6
29 201
4248
1.8
32281
4696
2.0
35 686

2.2
34 259

21
32 681

BC6
2013
BOBk

5191
0.0
5191
5739
0.3

10 930

2015
AOAK

BC7

2010 2015
110750 110400
0.4 0.0
750 000 0
75 000 0
0.4 0.0
750 000 0
75 000 0
0.4 0.0
750 000 0
75 000 0
0.4 0.0
750 000 0
75 000 0
0.4 0.0
750 000 0
75 000 0
0.4 0.0
750 000 0
75 000 0
0.4 0.0
750 000 0
75 000 0
0.4 0.0
750 000 0
75 000 0
0.4 0.0
750 000 0

Total

93.6

3 785 560
206 391
95.0
3831438
208 605
96.6
3878 212
210 885
98.1
3925917
213 235
99.7
3974 595
215 660
101.3
4024 291
218 167
103.0

4 075 052
220 761
104.7
4126 930
223 448
104.4
4179 983

Difference with BAU

absolute

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.1
0.0

relative

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
-2.0%
0.0%
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2016

2017

2018

2019

2020

2021

2022

2023

Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)

2010
EOCk

0.5
7734

0.5
7252

0.4
6 719

0.4
6 130

0.4
5479

0.3
4759

0.3
3963

0.2
3083

0.2

BC5
2013
COCk

0.1
2733

0.1
2733

0.1
2733

0.1
2733

0.1
2733

0.1
2733

0.1
2733

0.1
2733

0.1

2015

AOAk
1586
0.0
1586
1753
0.1
3339
1938
0.1
5278
2143
0.2
7420
2 369
0.3
9789
2618
0.3
12 407
2 895
0.4
15 302
3200
0.5
18 502
3537
0.7

2010
COBk

2.0
30 936

1.9
29 008

1.8
26 876

1.7
24 519

15
21914

14
19 034

1.2
15 850

1.0
12 331

0.8

BC6
2013
BOBk

0.6
10930

0.6
10 930

0.6
10930

0.6
10 930

0.6
10 930

0.6
10 930

0.6
10 930

0.6
10 930

0.6

2015
AOAK
6 344
0.0
6 344
7013
0.3
13 357
7753
0.6
21110
8571
1.0
29 681
9475
1.4
39 156
10474
1.8
49 630
11579
2.3
61 208
12 800
29
74 008
14 150
815

BC7
2010 2015
110750 110400
0 75 000
0.4 0.0
675 000 75 000
0 75 000
0.3 0.0
600 000 150 000
0 75 000
0.3 0.1
525000 225000
0 75 000
0.3 0.1
450 000 300 000
0 75 000
0.2 0.1
375000 375000
0 75 000
0.2 0.1
300 000 450 000
0 75 000
0.2 0.2
225000 525000
0 75 000
0.1 0.2
150 000 600 000
0 75 000
0.1 0.2

Total

226 236
104.0
4234273
229 134
103.4

4 289 867
232 149
102.7

4 346 840
235 292
101.8

4 405 272
238573
101.0

4 465 252
242 005
100.1

4 526 877
245 599
99.3

4 590 252
249 371
98.5

4 655 495
253 336
97.7

Difference with BAU

absolute

0.0
-4.2
0.0
0.0
-6.8
0.0
0.0
-9.4
0.0
0.0
-12.3
0.0
0.0
-15.2
0.0
0.0
-18.2
0.0
0.0
-21.2
0.0
0.0
-24.3
0.0
0.0
-27.5

relative

0.0%
-3.9%
0.0%
0.0%
-6.2%
0.0%
0.0%
-8.4%
0.0%
0.0%
-10.8%
0.0%
0.0%
-13.1%
0.0%
0.0%
-15.4%
0.0%
0.0%
-17.6%
0.0%
0.0%
-19.8%
0.0%
0.0%
-22.0%
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2024

2025

20112025

Stock (units)
Sales (units)
Electricity (TWh)
Stock (units)
Sales (units)
Electricity (TWh)

Electricity (TWh)

2010
EOCk
2110

0.1
1035

0.1

53

BCS
2013
COCk

2733

0.1
2733

0.1

1.6

2015

AOAK
22 039
3911
0.8
25 950
4323
0.9

4.3

2010
COBk
8 440

0.5
4139

0.3

22.3

BC6
2013
BOBk
10930

0.6
10 930

0.6

6.7

2015

AOAK
88 158
15 642
4.2
103 800
17 292
4.9

22.9

BC7
2010 2015
110750 110400
75000 675000
0 75 000
0.0 0.2
0 750000
0 75 000
0.0 0.3
3.6 15

Total

4722732
257 512
96.9
4792 105
261918
96.2

1515.0

Difference with BAU
absolute  relative

0.0 0.0%
0.0 0.0%
-30.8 -24.1%
0.0 0.0%
0.0 0.0%
-34.1 -26.2%

-206.2 -12.0%
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7.1.13.4 Comparison of scenarios

Table 7-12 and Table 7-13 show the detailed comparison between the BAU, LLCC and

BAT scenarios, per year and per base -case. In addition, Figures 7 -3 to 7-10 show a
graphical representation of the results. With reductions of 9.6% and 12% for the LLCC

and BAT scenarios, respectively, it is apparent that significant savings are possible by

improving minimum energy performance scenarios. As the LLCC scenario also carries
the greatest monetary benefits, it is logical for both environmental and economic

reasons to set ambitious standards.

Table 7-12: Comparison of total electricity consumption between BAU, LLCC and BAT
scenarios
Total
BAU LLCC BAT

absolute (TWh) | 103.0 103.0 103.0
2012 relative (TWh) | 0.0 0.0 0.0

% change 0.0% 0.0% 0.0%

absolute (TWh) | 104.7 104.7 104.7
2013 relative (TWh) | 0.0 0.0 0.0

% change 0.0% 0.0% 0.0%

absolute (TWh) | 106.5 105.4 104.4
2014 relative (TWh) | 0.0 -1.1 2.1

% change 0.0% -1.0% -2.0%

absolute (TWh) | 108.3 106.1 104.0
2015 relative (TWh) | 0.0 2.2 4.2

% change 0.0% -2.0% -3.9%

absolute (TWh) | 110.2 105.6 103.4
2016 relative (TWh) | 0.0 -4.6 -6.8

% change 0.0% -4.2% -6.2%

absolute (TWh) | 112.1 105.1 102.7
2017 relative (TWh) | 0.0 -7.0 -9.4

% change 0.0% -6.3% -8.4%

absolute (TWh) | 114.1 104.6 101.8
2018 relative (TWh) | 0.0 -9.5 -12.3

% change 0.0% -8.3% -10.8%

absolute (TWh) | 116.2 104.1 101.0
2019 relative (TWh) | 0.0 -12.1 -15.2

% change 0.0% -10.4% -13.1%

absolute (TWh) | 118.3 103.6 100.1
2020 relative (TWh) | 0.0 -14.7 -18.2

% change 0.0% -12.4% -15.4%

absolute (TWh) | 120.5 103.2 99.3
2021 relative (TWh) | 0.0 -17.3 -21.2

% change 0.0% -14.4% -17.6%
2022 absolute (TWh) | 122.8 102.8 98.5

relative (TWh) | 0.0 -20.0 -24.3
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Total
BAU LLCC BAT
% change 0.0% -16.3% -19.8%
absolute (TWh) | 125.2 102.4 97.7
2023 relative (TWh) | 0.0 -22.8 -27.5
% change 0.0% -18.2% -22.0%
absolute (TWh) | 127.7 102.0 96.9
2024 relative (TWh) | 0.0 -25.7 -30.8
% change 0.0% -20.1% -24.1%
absolute (TWh) | 130.3 101.7 96.2
2025 relative (TWh) | 0.0 -28.6 -34.1
% change 0.0% -21.9% -26.2%
absolute (TWh) | 1 721.2 1 555.6 1515.0
2011-2025 relative (TWh) | 0.0 -165.6 -206.2
%change 0.0% -9.6% -12.0%
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Table 7-13: Comparison of electricity consumption of base -cases between BAU, LLCC and BAT scenarios
BC1 BC2 BC3 BC4 BC5 BC6 BC7
TWh BAU LLCC BAT | BAU LLCC BAT | BAU LLCC BAT | BAU LLCC BAT | BAU LLCC BAT | BAU LLCC BAT | BAU LLCC BAT
absolute 31.3 31.3 31.3| 24.0 24.0 24.0 7.5 7.5 75| 60.7 60.7 60.7 1.2 1.2 1.2 1.3 1.3 1.3 0.4 0.4 0.4
2012 relative 0.0 0.0 00| 00 0.0 00| 00 0.0 00| 00 0.0 00| 0.0 0.0 00| 0.0 0.0 00| 00 00 0.0
%change | 00% 0.0% 00%| 00% 00% 00%| 00% 00% 00%| 00% 00% 00%| 00% 00% 00%| 00% 00% 0.0%| 0.0% 0.0% 0.0%
absolute 317 315 314 | 244 24.0 24.0 7.6 7.5 75| 616 61.0 60.1 1.3 1.3 1.3 1.4 1.4 1.4 0.4 0.4 0.4
2013 relative 0.0 0.2 03| 00 0.4 04| 00 0.1 01| 00 0.6 15| 00 0.0 00| 0.0 0.0 00| 00 00 0.0
%change | 00% -0.6% -1.1%| 0.0% -17% -1.7%| 0.0% -0.7% -1.0%| 0.0% -1.0% -2.4%| 0.0% -2.0% -2.0%| 0.0% -1.8% -1.8%| 0.0% 0.0%  0.0%
absolute 32.2 31.8 315 | 247 23.9 23.9 7.7 7.6 75| 625 61.3 59.5 1.5 1.4 1.4 1.5 1.5 1.5 0.4 0.4 0.4
2014 relative 0.0 0.4 0.7 0.0 -0.8 0.8 0.0 0.1 0.2 0.0 -1.2 30| 00 0.1 01| 0.0 0.1 01| 00 00 0.0
%change | 000 -12% -2.2%| 0.0% -3.3% -3.3%| 0.0% -14% -21%| 0.0% -1.9% -4.8%| 00% -3.7% -3.7%| 0.0% -3.5% -3.5%| 0.0% 0.0% 0.0%
absolute 32.6 31.8 31.4| 25.1 23.7 23.7 7.8 7.6 75| 634 60.7 58.8 1.6 1.5 15 1.7 1.6 1.6 0.4 0.4 0.4
2015 relative 0.0 0.8 -1.2| 0.0 -1.4 14| 00 0.2 03| 0.0 2.7 46| 0.0 0.1 01| 00 0.1 01| 00 00 0.0
%change | 009% -26% -3.7%| 0.0% -55% -55%| 0.0% -25% -3.4%| 0.0% -43% -7.3%| 0.0% -8.6% -8.6%| 0.0% -6.4% -6.4%| 0.0% 0.0% -2.9%
absolute 33.1 31.8 314 | 254 23.5 23.5 7.9 7.6 75| 643 60.0 58.0| 1.8 1.5 1.5 1.9 1.7 1.7 04 04 0.4
2016  relative 0.0 -1.3 17| 00 2.0 20| 00 -0.3 04| 00 -4.3 63| 00 -0.2 02| 00 -0.2 02| 00 00 0.0
%change | 00% -3.9% -52%| 0.0% -7.7% -7.7%| 0.0% -35% -4.6%| 0.0% -6.7% -9.8%| 0.0% -13.0% -13.0%| 0.0% -9.0% -9.0%| 0.0% 0.0% -5.8%
absolute 33.6 31.8 31.0| 258 23.2 23.2 8.0 7.7 76| 653 59.4 57.3 2.0 1.6 1.6 2.1 1.8 1.8 0.4 0.4 0.3
2017 relative 0.0 -1.8 26| 00 2.6 26| 00 0.4 05| 00 5.9 80| 00 0.3 03| 00 0.2 02| 00 00 0.0
%change | 00% -52% -7.8%| 0.0% -9.9% -9.9%| 0.0% -45% -59%| 0.0% -9.0% -12.2%| 0.0% -17.0% -17.0%| 0.0% -11.4% -11.4%| 0.0% 0.0% -8.7%
absolute 34.1 31.8 306 | 26.2 23.0 23.0 8.1 7.7 76| 66.2 58.7 56.5| 22 1.7 1.7 2.3 2.0 20| 04 04 0.3
2018  relative 0.0 2.2 35| 00 3.1 31| 00 -0.4 06| 00 75 97| 00 -0.4 04| 00 -0.3 03| 00 00 0.0
%change | 00% -6.6% -10.2%| 0.0% -12.0% -12.0%| 0.0% -54% -7.1%| 0.0% -11.3% -14.6%| 0.0% -20.7% -20.7%| 0.0% -13.5% -13.5%| 0.0% 0.0% -11.5%
absolute 34.5 31.8 30.2| 26.5 22.8 22.8 8.3 7.7 76| 672 58.1 55.8 2.4 1.8 1.8 25 2.1 2.1 0.4 0.4 0.3
2019 relative 0.0 2.7 44| 00 -3.8 38| 00 0.5 07| 00 91 -114| 00 -0.6 06| 00 0.4 04| 00 00 0.1
%change | 000 -7.8% -12.7%| 0.0% -14.1% -14.1%| 0.0% -6.4% -8.3%| 0.0% -13.6% -17.0%| 0.0% -23.9% -23.9%| 0.0% -155% -15.5%| 0.0% 0.0% -14.4%
2020 absolute 35.0 31.8 29.8| 26.9 22.6 22.6 8.4 7.8 76| 682 57.4 55.0 | 2.7 1.9 1.9 2.8 2.3 23| 04 04 0.3
relative 0.0 3.2 5.3 0.0 -4.4 -4.4 0.0 -0.6 0.8 00 -108 -132| 0.0 0.7 07| 00 -0.5 05| 00 00 0.1
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BC1 BC2 BC3 BC4 BC5 BC6 BC7
TWh BAU LLCC BAT | BAU LLCC BAT | BAU LLCC BAT | BAU LLCC BAT | BAU LLCC BAT | BAU LLCC BAT | BAU LLCC BAT
%change | 000 -9.1% -15.1%| 0.0% -16.2% -16.2%| 0.0% -7.3% -9.5%| 0.0% -15.8% -19.3%| 0.0% -26.9% -26.9%| 0.0% -17.2% -17.2%| 0.0% 0.0% -17.3%
absolute 355 319 293| 273 223 223| 85 7.8 76| 692 567 542| 29 2.1 21| 31 25 25| 04 04 0.3
2021 relative 0.0 3.7 6.2 0.0 5.0 50| 0.0 0.7 -0.9 00 -125 -149| 00 -0.9 09| 00 -0.6 06| 00 00 0.1
%change | 00% -104% -17.5%| 0.0% -18.3% -18.3%| 0.0% -8.3% -10.7%| 0.0% -18.0% -21.6%| 0.0% -29.6% -29.6%| 0.0% -18.8% -18.8%| 0.0% 0.0% -20.2%
absolute 3.1 319 289 277 221 221| 86 7.8 76| 702 560 535| 3.2 2.2 22| 34 2.7 27| 04 04 0.3
2022 relative 0.0 -4.2 71| 00 -5.6 56| 0.0 0.8 10| 00 -142 -167| 00 -1.0 -1.0| 0.0 0.7 07| 00 00 0.1
%change | 000 -11.6% -19.8%| 0.0% -20.3% -20.3%| 0.0% -9.2% -11.9%| 0.0% -20.2% -23.8%| 0.0% -32.0% -32.0%| 0.0% -20.2% -20.2%| 0.0% 0.0% -23.1%
absolute 36.6 31.9 285| 281 21.8 21.8 8.8 7.9 76| 712 55.3 52.6 3.6 2.4 2.4 3.8 3.0 3.0 0.4 0.4 0.3
2023 relative 0.0 -4.7 81| 00 6.3 63| 00 -0.9 11| 00 -159 -186| 0.0 1.2 12| 00 0.8 08| 00 00 0.1
%change | 000 -12.8% -22.1%| 0.0% -22.3% -22.3%| 0.0% -10.1% -13.0%| 0.0% -22.3% -26.1%| 0.0% -34.2% -34.2%| 0.0% -21.5% -21.5%| 0.0% 0.0% -26.0%
absolute 371 319 281| 285 216 216| 89 7.9 76| 722 546 518| 4.0 2.5 25| 42 3.2 32| 04 04 0.3
2024 relative 0.0 5.2 90| 00 -6.9 69| 00 -1.0 13| 00 -17.7 -204| 00 -1.4 14| 0.0 -1.0 -1.0| 00 00 0.1
%change | 000 -14.0% -24.4%| 0.0% -24.2% -24.2%| 0.0% -11.0% -14.1%| 0.0% -24.4% -28.3%| 0.0% -36.2% -36.2%| 0.0% -22.7% -22.7%| 0.0% 0.0% -28.8%
absolute 37.6 31.9 27.6| 28.9 21.4 21.4 9.0 7.9 76| 733 53.9 51.0 4.4 2.7 2.7 4.6 3.5 35 0.4 0.4 0.3
2025  relative 0.0 57 -10.0| 0.0 7.6 76| 00 -1.1 14| 00 -194 -223| 00 1.7 -1.7| 00 1.1 11| 00 00 0.1
%change | 00% -152% -26.6%| 0.0% -26.2% -26.2%| 0.0% -11.9% -153%| 0.0% -26.5% -30.4%| 0.0% -37.8% -37.8%| 0.0% -23.7% -23.7%| 0.0% 0.0% -28.8%
relative 511.8 4757 451.6| 3932 3435 3435| 1224 1154 113.3| 9953 8735 844.7| 358 270 27.0| 378 319 319| 57 57 5.0
Zgiﬁ % change 00 361 -602| 00 -49.7 -49.7| 0.0 7.0 91| 00 -121.8 -1506| 0.0 -8.8 88| 0.0 5.9 59| 00 00 0.7
absolute | 00% -7.1% -11.8%| 0.0% -12.6% -12.6%| 0.0% -57% -7.4%| 0.0% -122% -15.1%| 0.0% -245% -245%| 0.0% -15.7% -15.7%| 0.0% 0.0% -12.5%
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Figure 7-3:Base -case 1 electricity consumption by scenario
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Figure 7-4:Base -case 2 electricity consumption by scenario
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Figure 7-5: Base -case 3 electricity consumption by scenari o]

Figure 7-6: Base -case 4 electricity consumption by scenario















