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At TRU

Alternator or Power Takeff DrivenTransportRefrigerationUnit

IAUXTRU AuxiliaryTransportRefrigerationUnit
IANPR IAutomatic Number Plate Recognition
AQ Air Quality

CAZ Clean Air Zone

CQe Carbon Dioxide Equivalence (including other greenhouse gases)
DVLA Driver Vehicle Licencing Authority
DVSA Driver Vehicle Standards Authority
ETS Electronic Tracking Systems

FORS Freight Operator Recognition Scheme
GVW Gross Vehicle Weight

GWP Global Warming Potential

HC Hydrocarbon

HGV Heavy Goods Vehicles

HVAC Heating Ventilation and Cooling
LCC Leeds City Council

LiN Liquified Nitrogen

NO Nitrogen Oxide

NG, Nitrogen Dioxide

NOXx Oxides of Nitrogen

NRMM NonRoad MobileMachinery

OEM Original Equipment Manufacturer
PM Particulate Matter

PTO Power Take Off

TCO Total Cost of Ownership

TCT Temperature Controlled Transport
TfL Transport for London

TRL Technology Readiness Level

TRU TransportRefrigerationUnit

ULEZ Ultra-Low Emission Zone

\WLC \Whole Life Costs

WTW Well to Wheel

7E Zero Emission
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Leeds City Couneihd the Dearman Engine Compagmmissioned Cenex to investigated report
on the air quality and CGOmpacts oftemperature-controlled transpor{(TCT)n Leeds, the potential

for zero emission alternatives and to develop policy recommendato®ncourage the use of zero
emission tenperature-controlled transport within Leeds and the UK.

Leeds City Council have recently consulted on the implementation of a GQlsarBAIr ZoneGAZ
within its outerring road, meaning that commercial vehicles, taxis and buses will be incentivised to
use only the latest emissions standard (Euro6éhiclewhilst driving in the proposed CAZ. This
study therefore focused on the quantifying temperatwrentrolled transport use within the
proposed Leeds CAZ.

This studydrew on results of aypical traier mounteddieselpoweredtransportrefrigerationunit
(TRUpemission testdin a laboratory environmenby portable emission testing (PEMs) experts,
Emission Analyticever representative operating state$his information wsused toestimate the
emissiors and cost impact of TRUs in readrld operating patterns within the pmosed Leeds CAZ.
Key finding of the study are:

LeedsTCTileet: Around 30,750 commercial vehicleaterthe proposed_eedsCAZ each day50
(2%) of these are TCT vehicles, veitbund half being over 18t GVW and suitable for the Dearman
liquid nitrogen LiN) TRUWhilst thetotal HGV fleetn Leeds i20% Euro \dompliant the overall
commercial vehicle fledincluding vansis just 4%&uro 6/Vicompliant

Alr quality emissiontesting: Under laboratory emissions testing trailer mounted diesel powered
TRU emitted betweet6 and 22 grams of NOx per litre of fuel consumed. When companaeshto
world emission testing of a Euro VI truck, the TRU emitted between 25 tion@s more NOXx per

litre of fuel consumegddependent on its operating state. Clearly a TRU consumes less fuel per day
than a truck therefore when comparedn a distancdravelledbasis, the diesel TRU was estimated
to emit around 5 times more NOXx per kimain aEuro VI diesel truck. NeRoad Mobile Machinery
(NRMM) standards regulate emissions from the auxiliary engines thatsa@to powertransport
refrigerationunits. Data captured during the testing allowed an indicative assessment of th@ TRU
compliarce against the NRMM standardghis analysishowed thatthe engine on test could have
emitted between 4.1 and 5.0 g/kWif engine shaft poweidependent on is operating state.
Although only indicative, this analysis suggests that this engine meets xandds) the current
NRMM Stage IlIA emission standard when in-vealld operation and indeed may also meet the
NRMM stage V emission standard du@19 with little modificationFor the engine tested, this
indicates that realvorld emissions from TRWsay not get cleaner on the introduction of NRMM
Stage V as they are already witham close tg compliance limits.

Emissions in LeedW®singthe currentfleet and Euro standardmix operational in Leeds
refrigerationwasestimated to account for around 37% of NOx emissions fitwerT CTvehiclefleet,
and 2% of NOx from goods vehicles ovexdtin the proposed CADf this, Dearman units could
be suitable for the majority of the 18 fleet, resulting in an emission sagiof 52kg NOx per day,
which is 70% of all emissiofrem TRUs$n Leeds. When considering a 2020 scenario with the
implementation of a Class B C@hichLeeds estimatavill result in87% compliance with thBuro
VI emission standajdrefrigerationwould then account foraround 54% o#&ll NOx emissions from
TCT vehicleas traction enginesmissions reduce

An indicative desktop assessment of emissions from alternator connectedopRtiging in city
centresshowed that across the current fleet, whererax of Euro standards exist, NOx emissions
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could be similar between an auxiliary engine and a traction engine (due to poor performance of
emission afteitreatment at low vehicle speedsWhen compare to a Euro VI truckternator

driven TRUalsoconnecedto aEuro VI vehicle couldeduceNOx emissions by arourgd%.
However, these are only indicative figures as this stldghighlightedthat there is a lack of
evidence, and conflicting information on the emisspmrformanceof alternator connected RUS,
which should be subject to furthéndependentstudy.

Operating costsAwhole life cost model of the Dearman refrigeration unit was develofbsk of
the current technology version resulted in a 20% cost iaseg while a moréuel-efficient version,
currently beingoenchtested and due for wider commercial release post 202@uced the cost
increase to jusiL0%(including infrastructure provisionYhe main cost barriedentified was that

an auxiliary engine can operate tow-costred dieselwhich makest difficult to compete with
economicallyThe UK government has recently closed'(2dly 2018) a call for evidence into
whether red diesel for nomoad mobile machinery discourages the purchase of cleaner
alternatives, wheth mayor may notresult in a policy changéssuming that the use of red diesel is
prohibited in TRUSs, then the broad picture is that the Dearman unit currently undergoing bench
testing wouldyield a 20% (£2,000 per annugystsaving compared to a diesahit on a whole life
cost basis

Policy recommendationsThe folowing policy steparerecommendedas a result of this study.
o Further research

o There is very little data on TCT operations, and technology performance. National
government shouldnstigate a realvorld trial of alternative TR&ko create a working
knowledge of the technology costs, emissions and operational factors. Results should be
used to inform policy and any potential grant structure.

o Instigate a Portable Emission TestingMBJEtesting programme to develop an evidence
base for air quality emissions from diesel TRUs (both alternator connected and diesel
auxiliaryTRL3).

o Instigate a feasibility study into the solutions required to police any incentives designed
to promote theuse of zero emission TREs.g.,a system to recognise the types of TRU
attached to trailers

o Policy considerations

o Remove the allowance for auxiliary engines powering TRUs to operate on red diesel. This
will improve the business cas$er, andaccelerate the development and deployment of
low emission TRUs

0 Removeauxiliary TRU enginédsom NRMM and classifyiem as a road enging which
would ensurehat emissions from a TRU are comparable to emissions from the traction
engine.

o Implement prefeential and out of hours access for low emissitmw noiseTCTsand
review policy options with TCT and local authority stakeholders for preferential
treatment of zereemission TRUSs.

o Develop a grant structure for infrastructure to support zero emissioeration of TRUs
This would include alternative fuel infrastructure and plagoints at depots to allow
TRUSs to operaten electricity whilst unloadingThis could be investigated in line with
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reviewing the legislation in other countries, such as Caliégthat are introducing idle
restrictions on auxiliary TRU engines.

o General best practise

o Develop toolkits and guidance documents to encourage best practice operations in TCT
transport these can include atnativetechnology information, case studiesglvising
industry on factors such as vehicle body colour, curtains, reduced door openings etc. The
technology guidance would also need to include an initial research step to develop the
required evidence for guidance. Compliance with best practice caimkedl with the
Freight Operator Recognition Scheme (FORS).

ConclusionsEmissions from TGiFe a growing concern aair quality rises up the political agenda,
motive engines becomeleanerand cities start to regulate against older, more polluting vehicles
enteringtheir boundaries. In this environment it is difficult to envisage a near future where
restrictions are not placed on the types of TRUs allowed to enter cities. This has already started in
California with the introduction of anidling laws for RUSs.

The Dearman produds well placed to provide a solution for TRU emissifam heavier vehicles.
The current premium cost of owning the uappears to be easikeversed with the introduction of
incentives such as removing the use of deelsel in TCT, or access charges for auxiliary engines
operating on diesel

Whatwasclear throughouthe study is the limited data set available on TCT operations and
performance. Whilst emissi@testing has been undertaken in this project, a much nmaough
andrigorous approaclat scaleto studyand collect independent evidence on reabrid
performance (costs, emissions, integration issues, barriers, infrastructure requirementsfetc.)
current and alternative TRU technologiesequired.This cold be provided by largescale
governmentsupportedtechnology development and demonstration trial.
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Leeds City Council (LC&)d DearmanEngine Compangommissioned Cenex tandertake an
independent investigation in the environmentahpacts of temperaturecontrolled transport (TCT)

in Leeds the potential for zero emission alternatives and develop policy recommendation to
encourage the use of zero emission (ZE) TCT within Leeds and the UK.

Outdoor air pollutioncontributesto around40,000 early deaths a year in the W¢cording tathe
Royal Colleges of Physicians and of Paediatrics and Child Healthy 2017, the UK government
released the UK Plan foacklingroadsideNitrogen DioxidgNQy) concentrations This plarrequires
local authorities to take action to reduce the annual mean avenaaes to under the 40ug/rh
statutory limit. NQ is found in the NQ(oxides of nitrogen) emissions from transport, so improving
transport emissions is a major part of this plémtotal, 28 local authoritiesand Londorhave been
mandated to produce a plan to redueér qualitypollution; London has begun steps with itkra-
low emission zone ULEX and toxicity charge Leeds, Nottingham, Derby, Birminghaamd
Southampton have all been maatd to introduce aclean air zoneGAZ Leeds have recently
consulted on the implementation of a Class B CAZ within its oirtgrroad, meaning that
commercial vehicles, taxis and buses will be incentivised to use only the latest emissions standard
(Euo6/VI) engines whilst driving in the proposed CAZ.

Diesel auiliary engines are frequently used to poweansportrefrigerationunits (TRUS), primarily

for the distribution of chilled and frozen consumable goodsTCT Emissions from TRUs are
regulated byNon-Road Mobile Machinery (NRMM) standards. However, these standards are widely
considered as insufficient to protect public health in cities. Policy development around TRUs is
hindered by a lack of data on their energyagesand emissions.

DearmanEngne Company has developed TRU powered by liquid nitrogen (LiN), offeringRU
which isZE at poinbf use, which is particularly suited to larger (18t+) vehicles

This study focuses on the quantifying TCT use and emissions within the proposed Leadd (haAZ
potential for emission reduction through the use of ZE options such as the Dearman engine.

This work was undertakeim part requirementof a DEFRAir quality grant awarded ta.CCand
Dearman
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The main TRlWechnologies discussed in this report are briefly outid in this chapter

4.1 Diesel auxTRU

A typical diesepoweredauxiliarytransport refrigeration uni{fauxTRQYunit is shown below ifrigure
1.

EXPANSION VALVE o=
LXOUID

2/ N\
/"msm 7 \:

——4-\‘

Auxiliary Evaporator
engine

Expansion
valve

Condenser

Receiver
drier

Figurel: Typical diesel auxTRU ugsburce: Thermo King)

Figurel shows a generic auxTRU and some of the key componépgscally, a diesgdowered
auxiliary engine operates a refrigerant loop whelikga domestic fridge or freezer) a working fluid
(known as a refrigerant) is pumped around a circdihe refrigerant is first compressed in the
condenser and then relieved through an expansion valve into an evaporator where it undergoes a
pressure dropFluid expansion in this pressure drop creates a codffert which is then used to

cool air which is blowinto the vehicle body to maintain a low temperatutddany auxTRUs can also

run from electrical power when at the depdaf.onnecingthe TRU to an electricity supply in this way
isreferredto as coldroning.

4.2 Liquid nitrogen and theDearman auxTRU

Several companies provide alternatives to diesel driven TRUs which make use of cryogenic liquids,
usually liquid nitrogenat a temperature 0f196°C.Basic systems simply make use of the intense
cold of the cryogenic liquid to cool air circulated from the chilled compartment via a heat

9 609/001 23 <
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exchanger. By contrast the Dearman engine improves on the efficiency of basic systems by using
the phase change expans as the liquid turns to gas, as well as simply transferring heat to the gas.

When liquid nitrogen absorbs heat and its temperature rises abb96°C, it turns to gas. The
volume of the gas (at atmospheric pressure) is 694 times that of the liquitittee phase change
happens in a confined space, a lot of pressure is generated.

Simple cryogenic systems allow liquid nitrogen to absorb heat, expand, and then vent to the
atmosphere in an uncontained manner. The Dearman engine injects the liquid miteogkheat

(via a heat exchange fluid) into the cylinder of a piston engine. The heat is transferred to the
nitrogen causing it to evaporate in the same way as in other systems, but the pressure generated
by this process is also used to generate shaft powhich is used to drive a refrigerant cycle in the
same way as the engine in a conventional TRius both cryogenic methods of heat exchange uses
Liquid nitrogen, only the Dearman system makes use of the expansion and therefore its overall
cooling effieency is greatly improved.

The Dearman Engine is currently suitable for application on rigid type delivery vehicles and can pull
down compartment émperatures from +18C to-21°C in under 8 minutes. Table 1 provides

5 S I NJvspegifization for the TR key advantage of the Dearman TRU us its ability to

undertake neaisilent operation.

Figure2: The Dearman Engine as installed on a rigid delivery vehicle

10 609/001 23 <
cenex



LeedsTCT StudiReport

Dearman ZereEmission TRU

Compatibility 18t + Rigid trucks

Chilled compartments 1¢ 2 chiller compartments
Cooling capacity 16 kW @-20°C

Pull down rate < 30 mins +1%C t0.-21°C
Operating capacity 1 to 2 days, duty cycle dependent
Noise < 60 dB(A)

NOx and PM emission Zero

CQ reduction 30-85% well to wheel

Tablel: Dearman Zer&mission TRU specification

The Dearman system is capable of supporting rteitiperature distribution configured vehicles, or
the more traditional single temperature compartments. limiting factor of the technology is the
weight and space required to fit the Dearman TROmparatie Thermoking TR&have a fully fuelled
weight of around 880kgs, with the current Dearman technologypeing twice as heavy abis
(including the LiN) To avoid a reduction in cargo voluhge to the size of the engine and LiN tank
Dearman package theiiN-TRU to sit below the chassis of the vehicldese factorsgoupled with
the power outputand costof the engine, mean that the unit lmost suited to heavier vehicles, and
applicable to vehicles of 18t GVW and greateshould be noted that a noseount version of the
Dearman system is currently in development and will be available by 2019.

The Dearman unit is currently a customer testing phasayailable for fleet trial and purchase
with strong field support from Dearmar\ highervolumecommercialy availableversion of their
productis expected to be availabfeom 2019.

4.3 Alternator connected TRUs

Electrictransportrefrigerationunits (also called alternator units, PTO units or direct drive yiaitsl
here referred to collectively as altUB use an electric motor to drive the refrigeration unit. PTO
units can be powered by an additional-board battery for brief periods of time, a direct drive
connected to the alternator, or a power take off drive shaft. They can be plugged in dupog de
stops or delivery stops which makes it possible to have zero emission and near silent running
deliveries. The emission performance of these units should be superior to auxTRUs as they use the
more heavily regulatettaction engine for powerThese unig areextensively usednd hold rear
100%of the marketin 3.5t and smaller vehicles, and significant market share in other weight
categories There isiinited adoption in articulated trailers due to infrastructure requiremeass
large TCT trailers aregeired to maintain low temperatures for up to 24 hours a day, while the
traction engine may be switched off during deliveri@aiTRUsre considered in this report due to
their popularity in some sectors of the TCT cold chain.

11 609/001 23 <«
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This section stimatesthe size of theTCT fleebperating inLeeds andhe proposed CAZhe type
of vehicles and the typical TCT duty cycle

5.1 Methodology

Key steps

Methodology

1 ANPR data frorthe inner ring roadn Leeds was usdd assesshe makeup of the goods
vehicle fleet, proportion of insulated vehicles, and composition in terms of Euro stan

1 A relationship between the UK vehicle stock and activity (in this case population and
number of businesses) welestablished. This factor was usedrnorease the number of
vehicles caught on ANPR cameras to those likely to service the proposed CAZ, whil
keeping the fleet mix proportionate

1 The number of insulated trailexgasnot available from ANPR data, theoeé articulated
vehicles pulling insulated trailers were estimated from the numbepotifpremises,
specifically supermarket numbeiis, the proposed CAZ

1 The ehicle fleetwasdivided into four representative classes, and fleet manager
interviews andli SNJ (G dzZNE NBGPAS6 dzaSR (2 | aaSaa

I The number of insulated vehicles wilnXTRUs andltTRUs were estimated.

Thetotal sizeand makeup of thechilled distribution fleet operating in Leedsasdetermined
Furthermore, in order to assess the emissions associated with this fleet in the pro#séd was
necessary to estimate the proportion of these vehicles waitliTRUs, and the typical duty cycle of
the vehicles in terms of speed, distartcavelled,and numbe of drops made.

The following data sources were used to complete this part of the project:
1 Literature review;
1 Fleet operator interviews;
1 ANPR data;
9 Public records of licensed food service premises in L eattb
1 Average vehicle speeds on the Leeaisd network.

Leeds Proposed C/Az0r reference, the map below shows the proposed CAZ (outer ring) and the
inner ring road (inner ring), plus all the licensed food premises (deksyse note that the outline
for the CAZ has since been amended as a re$ylublic consultation, however the effect of this on
the results contained in this report and its conclusions would be negligible.

12 609/001 23 <
cenex



LeedsTCT StudiReport

3 -'~'v:"~ amnl, ¢ ; L % . . N

2 ] 2 & 3 SM”eS © OpenStreetMap (and) contributors, CC-BY-SA

Figure3: Map of Leeds showingoposed CAZ (outer ring) and the cigntrering road (nner rirg).

datawasreviewed.Two sets of data were collected in Leeds, on two different weeks. One
set was from cameras around the city, and the second set was from four camera locations on the
inner ring road at the centre of the cityhe inner ring roadtameras recorded more vehicles per
day than the cameras spread around the rest of the. dityerefore thesedata wereassumed to
provide agoodestimate of the proportionate breakdown of the fleet by Euro standard, and the
proportion of insulated vehicle@xcluding artics), but to underestimate the total number of
vehicles entering the city per day, as not all journeys will include the inner ring road.

£T0 assess the scale of the ANPR underestonathree
different estimates were made of the likely number of vehicles enteringfoposed CAger day
one used the proportion athe UK population living in Leeds and applied this to the total UK vehicle
fleet, one used the proportion of UK businesses in Leeds, and one used a bottom up approach
based on the full list of licensed food premises in pineposedCAZ and likely numbers ofhieles
delivering to them each dall three estimates produced similar numbers, so an average was
taken of all three and the ANPR vehicle per day numbers were scaled up accordingly.

; As well as the total numbeaf goods vehicles, the
number of vehicles with insulated bodies was extracted from the data, based on Department for
Transport records. Numbers of insulated bodies are not available for articulated vehicles, as this
depends on the trailer the vehicle iswing¢ the number of articulated tractor units with chilled
trailers was instead calculated from the number of supermarkets in the study area, see explanation
below. In addition to the above, interviews with representatives of supermarket fleets were tased

13 609/001 23 <«
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examine the typical use of articulated chilled vehicles, allowing for a bottom up estimate of their
numbers. Based on the interviews, it was established that around one artic per day is required per
6,000 sqft. of store space. This information wasngbined with online research into the number

and type of supermarkets in the Leeds CAZ area to estimate the number of insulated artics likely to
be entering on a typical day.

Table2 below shows the total numbers of vehicles of different weights and body types captured by
the inner ring road cameras over the course of a week. It also shows the average number of unique
vehicles captured per weekday.

Weight class Per day: Per day:
All goods Insulated
Van <3.5t 9,489 110
3.5-7.5t Rigid 465 35
7.5-12t Rigid 53 1.8
12-14t Rigid 27 2
14-20t Rigid 366 42
20-26t Rigid 230 21
26-28t Rigid 2 1
28-32t Rigid 167 0
32+t Rigid 7 0
20-28t Artic 27 NA
28-34t Artic 18 NA
34-40t Artic 43 NA
40-50t Artic 236 NA

Table2: Breakdown of all vehicles recorded by ANPR cameras in Leeds by weight category

Dividing into representative classeBased on the fleet composition, it was decided to divide the
fleet into four representative vehicle types to make for a more practical analysis. Vans (all vehicles
<= 3.5t) were the largest grouphe majority of vehicles heavier than 3.5t and up to arliting

7.5t were in fact 7.5t, and these formed the second grqupese vehiclesveretypically Iveco

Daily or Mercedes Sprinterbothcommonlyused by supermarket fleets for home deliveries. Of the
rigid vehicles greater than 7.5t, almost all were eitli8t or 26t, with 18t accounting for around

60%, so these were all combined and represented in analysis by 18t vehgdd-inally, the

majority of articulated vehicles were rated &pproximately40t, so all artics were combined into

this group.

Theoriginal ANPR datamalgamated into four representative vehicle class&shownin Table2
below.

14 609/001 23 <
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Weight class Per day: Per day:
All goods Insulated (% of total flee)
Van <3.5t 25,481 252 (1%)
7.5t 1,249 97 (8%)
18t 2,288 202(9%)
Artic 1,736 201(12%)
Total 30,754 752 Q%

Table3: Fleet numbers and vehicles per day, amalgamated into four representative classes

Typical duty cycleDetails of the typical daily operation of chilled vehicles were derived from
stakeholder interviews. In total the fleetanagers of 15 fleets were contacted, along with
representatives of chilled distribution industry bodidke findings were combined with
information gatheredduring the AuxiliaryiransportRefrigerationUnits in the Greater London Area
study (the London Stug)’. The key points addressed were:

1 The proportion of vehicles in each representative group that use an auxiliary TRU;
1 Typical annual mileage and daily number of deliveries made by each vehicle type;
1 Typical fuel consumption of each vehicle type;

Theaverage peedof the TCT fleet were established fratata logged on five vans operating in the
proposed CAZ overfaur-month period. Figure4 and Figure5 below shows the average vehicle
speeds across the proposed CAZ segregated byigelfishnet grid.

37 B4 3350 208 Tl 31N las0] | 67 Y 64

57

39 | 53 45 68

33 68

78 14

@ DpenStractiap (and) contributors, CC-BY-SA

Figure4: Average vehicle speeds (kph) in anound the
proposed CAZ

 OpenSirselMap (and) conlribulors, CC-BY-SA

Figure5: Red dot per speed recording (over 1,000,00
speed points)

1 Auxiliary Temperature Reduction Units in the Greater London Areahtipit//content.tfl.gov.uk/auxiliary

temperaturereductionunits-in-the-greater-london-area.pdf
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Since artics typically have very few drops in the area and use the most efficient road network to
reachtheir destination it wereassumed thathey would travel atthe average speed of the road
network, with the average speed reduciimgline withthe number of drops and vehicles size.
Average speed was used to calculéte proportion of time vehicles spend in the proposed CAZ
and, importantly, the air quality emissions from the motive engine which were derived from
COPERT speed related emission factors.

Table4 below summarises the key data points with regard to the four representative classes of TCT
vehicle.

Vehicle category Common uses Avg. stops % using Estimated
per dayin  auxTRU speed in

CAZ CAZ
(km/h)

m independent producers
to independent premises

Van(<=3.5) anq supermarket home
deliveries

Supermarket home 16 25% 23.2
m deliveries, independent
®) @) commercial deliveries

7.5t (>3.5tc 18t)

Deliveries by larger 6 50% 28.8
—q commercial fleets to
large premises and
(9) (o) gep

chains
18t (Rigid18t +)
Deliveries to 3 95% 345
w supermarkets
(o )y(®)
Artic

TabledY {dzYYI NBE 2F Y2RStf SR WieLMAOIfQ Rdzie 0ea0ftS F2NJ NBLINBaSyiill i

Finally, the ANPR data was also used to break down the fleet by Euro standard, in order to allow the
correct emissions factors to be applied in calculating the oveeaiksport fleetemissionsn the
proposed CAZThis breakdown is shown below.
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Euro std All vans Insulated All rigid Insulated All artic
vans rigid
0 0% 0% 0% 0% 0%
Ul 1% 0% 1% 0% 0%
2/ 2% 1% 2% 1% 1%
3/ 15% 7% 17% 10% 5%
4/IvV 28% 24% 17% 14% 9%
5V 53% 68% 46% 57% 59%
6/VI 1% 0% 17% 18% 27%
Total 100% 100% 100% 100% 100%

Table5: Breakdown of vehicles recorded by ANPR cameras in Leeds by Euro standard
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This section reports the emissions and fuel consumption ofearxTRU under laboratory
conditions

Keysteps

1 Independent testsvere carried out by Cambridge Refrigeration Technology and Emis
Analytics in controlled conditions

The wit testedwas adiesel auxiliary TRUstalled intoa 13.6m artic trailer
Testswererun at three ambient temperatures 10°G 20°Cand 30C

Tests consisted o& pull down, temperature maintenance and periods of ssiprt
operation;

Target temperature in all testsas-20°C
Emissions monitoredrere CO, C& NOx, PMis

Backgroundand test equipment As part of this project, independent emissions testing was carried
out on a diesel fuelled auxiliary TRU. The tests were run by Cambridge Refrig€eatimology (CRT)

in a controlled environment at theipurposebuilt test facility, and enssions measurement was
carried out by Emissions Analytics.

The unit tested was an 4iservice 13.6m sentrailer fitted with a Carrier Transicold Vector 1950MT
refrigeration unit, as shown iRigure6 below. The TRU had a refrigeration capacity of 18.2 k0@t
and 9.8 kW at20°Cwhen at high speed with an ambient temperature ofG0dT he tests were carried
out between the 2% and 239 May 2018 The testing programe was designed by Dearman.

Carrier Transicold
Vector 1950MT
auxiliary diesel TRU
fitted to the semi
trailer

Interior of the trailer,
which was set up for a
single internal set
temperature

Figure6: Photographs of the trailer and TRU used for emissions testing

Emissions Analytics provided portable emissions measaystgm(PEMS) equipment measuring the
following:

9 Carbon monoxide (CO) and carbon dioxideJCO
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