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2 Preamble

The iISERVcmb project arose out of HARMONAC, a previous IEE project, which demaothstralbed
detailed energy monitoring of Heating, Ventilation and Air Conditioning (HVAC) components in
operational buildings led to system owners improving their operation.

The ability to empower the owner/operators of HVAC systems to implementefésttive energy
efficiency improvements is one of the key problems facing legislators around the EU Member States
as they attempt to meet their 2020 energy efficiency reduction targets. Current legislative approaches
struggle to involve the end user in wanting improve the energy efficiency of their buildings despite
there often being a straightforward financial case to do so, as iISERVcmb will show.

The Ceordinator of ISERVcmb considers that it is now practically feasible to understand and
benchmark the energyse in our buildings to a level of detail that informs all aspects of building

design, operation and maintenance. This depth of understandirige keyto a betterunderstanding

of the holistic energy use of buildingand therefore to designing buildidg ¢ KA OK | NB Wi 2g S
practice This then ensures a more mature debate can be had about how much energy it is reasonable

for a building to consume based on the activities it houses and the intensity of their operation.

An important driver for the nee for a new approach is that the insulation levels of new buildings have
reduced the relative importance of the fabric heat transfer component in the overall heat balance of
a building. This means that the internal gains due to occupancy and activityoa&rearmuch more
influential part of the demand on the building services for heating and cooling, yet we still categorise
buildings mainly by sector e.g. Office, Hospital, etc. It is clear to all building professionals that there
are legitimate reasons forige variations in energy use/in these building types, yet we do not have

a common means to discriminate between them. This has led to building energy labelling not having
the impact it should have, as some buildings can never achieve a good perforifiearibe activities

they contain, leading to disengagement with the labelling process by the operators of those buildings.
This is particularly true for older buildings and building services. The danger is that we risk condemning
many older buildings as pogerformers when it is the activities they contain that are the cause of
their poor performance, not the inherent performance of the fabric or services.

The final obstacle to overcome is allowing for the difference between buildings requiring servibes suc
asfiltration, mechanical ventilation, etc., because of their location and activities, and those buildings
which do not require such intensive servicing. The iISERVcmb project therefore aims to:

1 Produce a procedure for describing and benchmarkingdings based on the activities they
contain, the areas they occupy and the way in which they are serviced.

9 Produce a process for allowing operational energy data for HYAC components to be collected,

benchmarked, reported and improved.

Trial this procesacross 1600 operational HVAC systems in Europe

Establish the scale of the electrical energy and cost savings possible from this approach

Establish where these energy savings were most likely to occur

Produce data on the measured energy consumption and ggodemands found in HVAC

systems in operational buildings to help improve professional guidance in this area

9 Establish if such an approach was feasible to be used across the EU Member States

=A =4 =4 =4

This report establishes the outcomes and impacts of this projelwbpe you find it useful.

Professor lan Knight
ISERVcmb coordinator, Cardiff University
June 30, 2014
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3 ExecutiveSummary

odM | 9{ OwtIWwh WOt ¢

Building on the results of its predecessor projects, AUDITAC {2006 and HARMONAC (2007
2010), the ISERVcmb projguovides a detailed insight o how energy is used in HVAC systems and
buildings through analysis operationalenergyusedata from HVAC systems around Europe.

The project demonstrates significant electrical savirmsgingup to 33% and 9%on averagehave
been achieved by undetanding the details of energy usagand power demandst the level of
individual components within buildings.

TheiSERVcmproject prgposes and trials a practical, structurpdocesswhich can be used across all
buildingsand HVAC systesrin the EU Membebtates.Part ofthis approach is these ofbenchmarks
of energy useand power demandsat HVAC component levepartially derived from sukhourly
automatic monibring data collected from over Z® HVAC systems across the EU.

The iSERVcmiapproach usesexisting metering and sensors, along with information on buildings
assets and activities, such that benchmarks, powerful in diagnostic work, can be derived from that
data- and produced for individual building configurations and activities supported.
Key gatures of the approach are:
T .SYOKYIFNJ & F2NJ 2LISNI GA2YyIf o0dzZAf RAy3a | NB dzyAlj
activities and services
1 Benchmarks are derived from data on energy consumption and power demands being
achieved in operational buildingand therefore come with the major benefit to the end user
of knowing that they are achievable in practice
1 iSERVcmb end user reports are specific to physical assets within a building, enabling corrective
actions to be applied directly where needed

odH whWeY/ &/ haof{

iISERVcmihas produced a unique set of insights and findings into gbever demands aneénergy
consumption of HVAC systems and compasédn operational buildings in EU Member States, along
with insights intohow to reduce this energy consumptiofihe major headlines are:

I Afree, standalone spreadsheethich provide the basic elements of iISERVcmb, from collection
and collation of data on a building and its services, through to providing estuiianchmarks
for the building and each system within This spreadsheet is available in English, French, German,
Dutch, Portuguese, lItalian, Slovenian, Hungarian, Greek, Spanish and Danish at present and is
designed for easy translation into further languages if needéare detail can be found in section
8.4.

[Z  The project recruited 330 buildings, comprising 2,831 HVAC systems, 7,685 HVAC components,
2,230 Meters, 11,173 Spaces, 72 Activity types and 1,551,688ftoor area, froml5EU Member
States during the 2011 to 2014 project period. The majoritthefsystems already had metering
installed and this figure was achieved despite the recession and the state of metering in some EU
MS making recruitment difficult.

Z Applying the iISERYhb process to these operational buildings helpadhievesavings of up ®
00 AY | 0dzAf RAY 3IQa cofeniforlittle 8dpigaitiyWMore detaibegnoB A &  dza S
found in the Case Studies referred to in sectidn

Z Across all the buildings on the iSERW database the actual or projecteédnnual energy savings
were around 9% on averagdsreater average savings are anticipated if the project were to run

Co-funded by the Intelligent Energy Europe
Programme of the European Union
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longer, as shown by the savings generally being larger in those buildings which have been on the
database for longemMore detail can be found in sectidtil.
7 Anaverage annual saving of 18% of the electricity used € a 1 SYa A GK Y2NB GKIy
where reductions were achieved, was a very encouraging figpeaticularly as theproject was
late in providing reports back to end usersneaning that the full impact would not be seen over
the life of the project.Evidence from those systemihat were alsom HARMONAC is that full
savings can take easily 2+ years to achjidue to time taken to implement the measures needed
to produceall the savingsvailable and for the full savings to appear in annual reporting

2 Measured ranges of energy consumption and power demands by HVAC component and end use
activity have been publishedby iISERVcmb to provide a first insight into how EU HVAC
components consume energy in operational buildings throughout Eurddere detail can be
found in sectiorf.2.

I The process showed th&wer Demand benchmarks aneeededfor immediate diagnostic work
in operational systems, to overcome the need for annual figtodse obtained in the early stages
of benchmarking specific systems.

2 TheiSERVcmb process and procedures can be applied acro§Jallember Stateswithout any
regional amendments, though the Benchmarks used will need some regional amendments
depending orthe utility type, service and component.

[Z  To check the iISERVcmb benchmarks reflect reality, and are not achieved at the expense of Indoor
Air Quality, the projectoncurrently measured IAQ in a sample of 62 systems across Europe and
Physically Inspected 6l/6ERVcmb HVAC systenihiese showed thahdividual system findings
from the iISERVcmb process generally reflected the observations from the Inspectansthe
IAQ measurements did not reveahajor problems based on currently accepted IAQ standards
More detail can be found in sectiori®2 and 13.

[ Extrapolating the findings of the project across the EU as a whbée ptojectedlikely annual
electrical energy savingsom the required use of iISERVcmb across the EU Member States are
between9,500¢ 142,000GWh per annum (2 32 MTOE/annum)This is between 0.3 to 5% of
the total annual primary energy u¢2,836,000 GWh or 188.7 MTDd the EU27 in 2010

7 The projectedlikely annual electrical cost savingé@0.55 € kK | 2 K0  FréGRiréd usekos
iISERVcmb across the EU Member States are betwgHM ¢ 7,100 Million Euros per annum
for an estimated annual cost of around 1,250 Million Eurosn@imum potential saving of
60,000 Million Euros per annum is identified as possibbet not probable, based on achieved
savings in operational buildings

I The projectedikely annualelectricalcarbon emission savingsom the required use of iISERVcmb
across the EU Member States are betw@an32 Million tonnes of C@per annum out of an EU
total electrical carbon emissions figure of 642 Million tonnes of @€ annum.This repesentsa
O02al 2-€ncdo @®@pn LISNI |bAse@ch thé dbeve asduded Rnplementation costs for
iISERVcmb across the EU.

o®dd hhYLbD ! 19D 5{Y¢ !{bO5¢! ¢wL5 {

iISERVcmb hashown thatunderstandng what it is reasonable for HYAC system components to
consume when designing new buildings or servicing existing amédslead to investment in more
efficient operation and should allovealistic targetgo be setfor improvement.Part of the success of
the project is down to helping building operators understand how their buildings truly operatel
the importance of having a clear and logical metering strategy to aid this understanding.

The hurdle the project encountered of podocumentation of buildings and services could be seen as
problematic for the iISERVcmb approach, but it is actually a major insight into operational practice in

Co-funded by the Intelligent Energy Europe
Programme of the European Union
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EU buildings. It appears clear that no reasonable expectation for a significant improvemiat in
overall operation of HVAC systems across Europe can be expected without building and services
operators first understanding what they are trying to control and mainta8ERVcmloffers the

unique possibility of standardising the collection and codlatof this data, particularly in the absence

of any other standard approach existing.

The iISERVcmdpproach caralso rewardproactive behaviar by stakeholders in reducing their HYAC
system$€Energy use. Thisouldbe through easing the regulatory burden where good practice can be
demonstrated or through othesuitable rewards. Thapproach can thereforect as a means of
improving the overall energy efficiency @perationalHVAC systems in Europe, as well as atigwhe
best practice approaches of individual organization®écome visible and celebrated.

The findings and data from HARMONAC and iISERVcmb are already helping European Standards and
Directives understand how to use the explosion in building and ses\iitformation to improve the
operational aspects of building energy use.

Co-funded by the Intelligent Energy Europe
Programme of the European Union
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4 |Introduction

The societal, economic and strategic need to reduce the energy consumed in buildings continues to
increase in importance yearonyeérA y OS (i K S hé Buipga inipphragistraduded a series

of Directives aimed at increasimgildingenergy efficiency for its Member States to implement. Of all

the approache for reducing energy use which are addressed by these Directives, it appears that the
least effective at pesent are those aimed at reducing energy consumption via improved operation of
existingbuilding services

The reasons for this are manyut one ofthe most important reasosemerging from iISERVcmb and

its predecessor, HARMONAE a general lack of kndadge on what services are actually installed in

any building, which meters feed those services and which areas the services themselves supply in a
building. This leads to a lack of confidence in any recommendations on improving the situation in
existing hildings and therefore hampers the achievement siistainable energy efficiency
improvements.

iISERVcmbemonstrates how a more detailed understanding of a buildings services, actidtiess
and metering can provide this missing didence and lead to ghificant electricaknergy savings in
operational buildings and systems from across the Ekk legislation needed tadopt such an
approach already exists withifrrticles 14 to 16 othe Energy Performance of Buildings Directive
what is needed is to n@ implementit within the individual EUMember StatesThis raises different
issues; some of whichare addressed in this report.

The report presentsummaries othe results findings andbservations from thevarious aspects of
the iISERVcmbproject andprovides links to the more comprehensive underpinning information from
the project where available.

There are also some personal opinions expressed which are not able to be substantiated by the data
collectedat the time of publishing the repotiut whichthe Coordinator believes to beorrectbased

on experiencesand observations from the last §ears of exanming this issue through the IEE
AUDITAC, HARMONAC and iSERVcmb prdj¢cese these occur they are clearly marked as such.

The structure of the repa examineghe following aspects of building performance, maintenance and
operation that have been explored in buildings and systems across Europe:

1 The establishment and testing of a procedure for describing and collating buildings in terms
of their spacs, activities, building services components and meters

1 Theelectrical energy consumption and power demands measured in HVAC components
across Europe

1 The energy conservation opportunities (ECOs) identified in HYAC components across Europe

and the predictedoverall savings from these ECOs

The actuaklectricalenergy savings achieved in buildings usingi8ERVcmbystem

The Indoor Air Quality of a sample of the buildings and systems tested

The findings from EPBD Inspections undertaken on a sample of Syatanss Europe

The impact on Professional Bodies, HYAC Manufacturers and Maintenance Companies

The implications of the results (S ERVcmior future legislation and operation of buildings

How the process might be transposed into a working system witbiMiS

)l
1
)l
)l
1
T
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5 Specific objectiveand outputs fonSERVcmb

¢CKS ALISOATAO 202S00GA@Sa 2F GKS 9dzNPLISEHY [/ 2YYA&aaa
Innovation (EACI) at the start of the project are shown in the IEE funding call aims below. During the
courseof the iISERVcmb project EACI changed its name to EASME (the Executive Agency for Small and
Medium Sized Enterprises).

pOMb ¢ O[ [ ODDMB wht 9 ! HaMn

# The specific aims of ehlEE 2010allwere:

¥ Reduce energy consumption across the EU MS over theflifee project in line with the EU 2020
targets.

To build strong foundations for further reductions after the project officially finishes.
Projects to have a significant impact in terms of energy efficiency.

Strong replicability across the EU MS.

To creae the right market conditions for their use.

M ™M M™MNMN

pPH { OwH/wah. W9/ ¢ bS5L &{ ¢/ ha9/{
In addition to the EASME aims, the iISERVcmb project had the following specific aims:
1 Produce a procedure for describing and benchmarking buildings based on the activities they
contain, the areas they occupy and the way in which they are serviced.

0 Outcome: A unique muHingual spreadsheebased methodology for collecting and
collating information on the physical spaces, activities, HYAC components and meters
within a buildingso that the end users can understand their building properly. This
spreadsheet also provides benchmark ranges based on this description.

i Produce a process for allowing operational energy data for HYAC components to be
collected, benchmarked, reported andriproved.

0 Outcome: An online database into which the iISERVcmb spreadsheet data can be
input, along with orgoing consumption data, to produce targeted energy benchmark
reports for buildings, HVAC systems and HVAC components.

9 Trial this process across 160@erational HVAC systems in Europalong with supporting
IAQ and Physical Inspections

0 Outcomes: Over 2800 HVAC systems were described in the project

0 Detailed Inspection and Indoor Air Quality studies of selected systems to understand
current maintenanceand IAQ standards bettey as well as the opportunities arising
from these aspects.

9 Establish the scale of the energy and cost savings possible from this approach

0 Outcome: The project has been able to estimate the practically achievable energy and
cost saings as being up to 142 TWh/aaadh m ¢ . Y

9 Establish where these energy savings were most likely to occur
0 Outcome: Bespoke Energy Conservation Opportunity identification based on
measured and modelled data for Buildings, HVAC Systems and HVAC Components
9 Produce data on the measured energy consumption and power demands found in HVAC
systems in operational buildings to help improve professional guidance in this area

0 Outcomes: An understanding of the correlation between installed HYAC component
loads, activies, HVAC system type and floor area across the EU Member States

Co-funded by the Intelligent Energy Europe
Programme of the European Union
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0 Unique energy consumptioand power demandanges published based on achieved
performance iruse

9 Establish if such an approach was feasible to be used across the EU Member States

0 Outcomes: Involvement of the HVAC Industry and Professional Bodies in the
standards being proposed by iSERN)

0 Presentation of the project findings to EU Member State legislators on multiple
occasions.

0 Overall, 2.7 million people were informed about the project thgh print, audio
visual and electronic media (78,000 per month)

PPHDPM YA YR hdziO02YSa Ay RSOGOl AT

In more detail the ISERVcmproject aimedto:

1 Demonstrate the approach leads to significant cesffective, quantifiable energy savings
reductions in HVAC systerartsumption around Europe. This is an important support to the wider
scale use of Energy Management approaches to reducing energy demand such as those advocated
by EN 1600@ Energy Maagement Systems. Expectationsredor reductions of up to 50% in
individual HVAC systems, and averall HYAC system electrical energy reduction of betwegn
- 15%across all the systems on the application compared to Business As Usual projections derived
from the monitoring of the plant.

2 Outcome: The expectations for the savings achieved were exceeded significantly in some buildings
with sustained total building(not just HVACklectrical savings of over 33% being achievied
some of the longeterm buildings. The additional savingppearto derive from lighting and small
power aspects also being addressed once the Services components of the buildings were better
understood.These savingsafey f Ay S gAGK GKS 9! Qa wnun SySNREe |
requirements to have a sigmigint impact in terms of operational energy efficiency.

T holGlFAy 2@SNI I &SFNRa ¢g2NIK 2F SySNH& O2yadzyLlia
maximum time interval of one month) for the energy consuming componeni$00EU Member
StateHVAC system3his datao be linked to the end use activities served, as well as building and
geographical informationTo obtain a good representative sample, theoject aimedto gather
data from different and relevant types of systems.

Z Outcome:This goal wasnet with over 2,80 HVAC systems eventually supplying data to the
iISERVcmb project.

1 Show through physical Inspection that the approach can correctly identify the level of energy
efficiency at which the HVAC systems are performing.

Z Outcome: Comparing the Inspeains undertaken with the predicted benchmark ranges for
iISERVcmb showed that both approaches generally agreed on the performance being achieved by
most systems, though iISERVcmb also shomeady systemshad muchgreater potential savings
than the Inspectios suggested.

1 Show through Indoor Air Quality tests and-gaing monitoring that benchmark boundaries are
not set inappropriately for good IAQ.

Z  Outcome:The IAQ measurements undertaken demonstrated thiguirement waslearlymet for
the 64 sample buildingsested.

1 Analyse the HVAC system datadlectedto provide publicly available information on HVAC system
performance, includinglata on measurd HVAC system component consumption by end use
activity and geographical/climate location. This information is important for producing meaningful
Physical Inspection recommendations for HYAC systems that are likely to be acted upon.
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Z Outcome:A unique sebf measured consumptionsnd power demands for HYAC components
in operational buildings have been generatednd areavailable from the iISERVcmb websitée
only element missings the geographical/climate variation analysis which was not complete for
the final report. However, unique power demand measurements are presented which were not
originally envisaged.

1 Disseminate the findings to all the key actors; and demonstrate that this approach achieves at
least the same impact on energy use as physical Irigpethus allowing the approach to be used
as an acceptable alternative to Inspection.

Z  Outcome:HVAC Manufacturers, Professional Bodies, Legislators and End Users have all been kept
informed of the project progress during the project periothe projectfindings slow that the
monitoring approachappearsmore effective than Inspectionat identifying poential energy
savingswithin specific buildings, systems and components where the appropriate metering is in
place.

9 To recover around 50% of the cost of thmject through energy savings achieved by the HVAC
systems usex adopting this approach. This waerifiable drectly from the data collected as part
of the iISERVcmb methodology.

Z  Outcome:The project Partners reported a combined savingedi in the iISERcmb systems
during the project period; equivalent toan average9% energy reduction

9 Establish which HVAC energy consumptions and installed loads are letatapendent along
GAGK GKSANI W3a22RQ | yR WL2 2N LINT Byithe GedgraptScfl O K Y I NJ|
situation in which they are used.

Z  Outcome:At the time of this report this hadiot been done.

1 To build strong foundations for further reductions after the project completes, iISERVcmb aimed
to establishat least one commercial producttmthe EU Marketplace which offered the iISERVcmb
procedure asn option for interested potential end users to adopt this approach

#  Outcome:The iISERVcmb project Partner, K2n Ltd, who were responsible for developing and
operating the HERO database and spiglzeet, have launched a product to the marketplace.
More details can be found atww.k2nenergy.com

1 To create the right market conditions for the introduction of the iISERVcmb process, the project
worked with legisitors, professional bodies, end users and HVAC components manufacturers to
try and overcome the hurdles to its adoption.

Z  Outcome: At the ime of writing this report (Jul2014) it was clear thall the actors to which the
project had been presented unddood the benefits and value of such an approach. However, the
fine detail of how to move the process into mainstream benchmarking to which the legislators
could refer was still to be determined. This work continues beyond the iISERVcmb project period.

Oveanll, the projecthas producednformation whichsupportsthe effective implementation othe use
of metering and feedback as now allowedtlire recast EPBD BUMemberSates.

One of the main lessons learnt froMARMONAG that showing users how much emgy they are
using a@inst bespoke targets is powerful means of achieving energy reductions and energy
efficiency investrant. This project usethis approach as part afchieving its aims

pd 1 !¢ ! . h! ¢ DI {22! thdayfy {! +LbD{ K
The iISERVcmb approach should also achieve significant heating and cooling energy

reductions at the building level, with around 10% anticipated from other research
undertaken. These savings are not included here as metering of these fuels was not
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sufficiently extensive to draw major conclusions. Any cost and energy savings are in
addition to those shown here. They reinforce the ability of iISERVcmb to help EU Member
States reach their energy conservation goals in a eeffective manner.

pdmcl BWwe/ Ha9

pond g RS GKNBS FLIIINRIFOKSa F2N) SadasaYloy3d &l gAy3IaA
Whilst not a specific initial aim of the geect, ISERVcmb also intendeddmmpare theECOs suggested

by the three different approaches of Physidaspection, Analysis of Measured Data and Modellihg o
Measured Datdo provide some indication of the variation in estimated savings from each method

The predicted savings potential across all the systems, based on the iISERVcmb database benchmarks,

and the predicted savings from the measured and modefed h Q& I LILINB | OKS& 0 NRI Rf
each other. This suggests that using the iISERVcmb approach can identify energy savings potentials
properly, and that the ECOs can help more accurately pinpoint where to make some of these savings.

pPndR g YdzOK R2Paf &8 ORAAIWHOYO LINE OSRdAzNB K
From the project,t was foundthat initial annual costs pem? to participate in iISERVcmtan vary
betweene n 48mr¥/a, including setup cost® describe the building and systemaith larger buildings
costing less pem?.

poPndR g YdzOK O2dzZ R 6S al SR o0& F2fft2gAy3a GKS A{ 9w
bSG al @xi3m%a wardfouadvin practiceat the level ofwhole buildingsafter the setup costs
were considered

Were the whole EU tertiary sector to participate then, if the 50 kwhaAverage consumptio figure

and the 3- 15% saving range in electrical energy use achieved was f@pndsentative of the whole

L2 Lddzf F A2y s GKS LRGSYdGALt Fyydzt O2aMi-7,5bDMAY 3& | ON
It is the coordinators opinion that the average 5&¥%h/m? annum consumption measured is a
NEFaz2ylrofS I @dSNIF3IS FAIdZNB F2N) 2dzad GKS 121/ 0O2YL]
building types testedbased on existing knowledge of energynsamption figures in buildings. An

average total electrical consumption for a building of 2aG0kWh/m?/annum is a more usual figure

found in the buildings for which we have the main incomer data, and these buildings also show savings

of 10%+ are praatally achievable for the whole loagh y RA OF Ay 3 (i KM@d14/000 MdzNI K S NJ
of electrical energywavings should be available on top of those already shown.

In terms of the total EU electrical energy use in 2010 of 2,836 TWh (Sd®Cgthe projeatould save

0.33% of this total energy use based a 100% uptake and 3% saving scenagesuming an average
figure of 50kWh/m?. This would increase t6% of the total EU electrical energy usfethere were a

100% uptake and the 15%\8agsfigure were ahieved, based on 450 kWh/m? average annual

demand

This latter figure appears practically achievable when considering the total electrical energy’irse/
operational buildings, and the total electrical energy savings of up to 33% occurring in the-tenger
ISERVcmb buildings. Indeed, it appears savings of over 13% of the total EU electrical energy use are
potentially availablgf the iISERVcmb approagfere required throughout the EU tertiary sector. This
would be a significant step towards achieving the-2ZZB20 energy efficiency target and, more
importantly, it appears these savings could be quickly accessed.

Table 1shows theprojectoutcomes preserdd as a series gferformance indicators
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Tablel - Project Performance indicators faBERVcmb

Indicator Description Additional information

Energy saved ir Total energy reduction measurexver 7,154 MWh/a shown to be savec
kWh (toe) all participating systems equivalent t01,619 toe. Average
savings of ~9% achieved from
shorter impact period than

intended.
9y SNH@& &l Total costreduction measuredover: Wdza it 2 @SNJ ewma |
participating systems. based on measured energy

reductions and an average unit co
2T endmp LISNI {2

Emissions saved i Energy saved in kWis convertedinto Measured anual savings of arount
tCQ tCQ based onan average electricity 3,750tCQ

emission factor for Europe of (2B6

kgCQ/kWhe taken from UK DEC

figures for EU Member States as

whole
Cumulative Recorded end user investments in Not establi®ied during project
investment made systems, time, etc., converted int
0& LJ NI A O monetary equivalent
Establish which Toestablishwhichdatacan be applied Not completedduring project
HVAC energy use acrossall Member States and whicl

location have to be qualified by geographic

independent, and location

which i/ Q (i

HVAC system: Theproject aimed for 1600 systems. 2,831 HVAC systems and 7,6

tested in project HVAC Componentgere assessed

HVAC system: The project aimed for between 50 tc¢ Country Systems

tested in each 100 systems in each MS targetett. Austria 98

Member State can be seen this even level of covera Belgium 32

was not achieved. Cyprus 2

Czech Republic 32
Germany 3
Greece 76
Hungary 94
India 6
Italy 60
Luxembourg 8
Poland 34
Portugal 1492
Slovenia 97
Spain 6
Sweden 58

United Kingdom 733
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THRI® CONTINUOUS

iISERV
—

Indicator Description Additional information
Response from Important to understand how the Generally happy with the report:
HVAC systen usersfound the approach and the usefulness of the
owners to usbility information, but identified the
of system and initial description of the building
improvements and systemss a hurdle.
needed
Physical Inspection: The acceptability of the benchmark 64 Inspections and62 IAQ tests
and |IAQ tests tc depends on achieving confidence th. were completed which
substantiate ECO the savingsdentified by the ISER¥hb substantiatel the ISER¥mb
identified by the system are found in reality, and the approachand showed the IAQ in
monitoring IAQ is not detrimentally affected b sample of the systems wa
the achievement of high energ acceptable  within current
efficiency in systems standards.
Number of HVAC To ensure the Industry view i Direct involvementfrom SWEGON
Manufacturers who represented in the approach and Camfil Fanprovided this input
participated
Ability of HVAC A check thaHVAC system componer Swegon amended their software t
Manufacturers to manufactures can comply with enableiSER¥mb requirements to
support the ISERWmb data requirementsin their be met bytheir AHU components
benchmark components Eurovent Certification participate«
approach late in the project and are
evaluating the requirements as
part of future certification plans
MS adapting The project aimed to supportEU The project was presented to El
legislation to allow Member Statdegislation allowing this Member State legislators on
iISER¥mbapproach approach to be used as a compleme occasions. Theris interest in the
to Inspection. approach but no formal
commitment to adopt this
approachin any E) Member State
at the time of this report.
Number of Number ofdifferent benchmarksand Dataset were produced for energ
benchmarks datasets produced and proposedy consumption and power demand
proposed by the project by HVAC component serving
ISER¥mb given activityby unitfloor area.
Number of Of the benchmarksand datasets CIBSE intend to publish th
benchmarks produced, how many are to be datases as part of their
adopted by adopted by REHVA an€IBSE a professional guidance for thei

professional bodies

Professional
publications
produced

body

guidance to their members members and REHVake writinga
Guidebook on the iISERVcmt
approach for use @oss the EL

HVAC Professional Bodies

Official guidance documenfgoduced 2 publications at least expecte

by the professional bodies of CIB! which reference the ISERMb

and REHVA findings and approach. These w
occur in the coming yearor two
after pubication of the project
findings
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Indicator Description Additional information
Number of Papers, Professional Journal Article Overall: 228+
publications by Newsletters, etc These can be foun:

project team in the project Appendices

Number of Conferences, Workshops, Invited talk Overall: 105

presentations by etc

project team

Estimate of saving: Extrapolaton of the anticipated Time investment rather than
and investments impact of ISERMnb beyond the financial investment appears to b

from above project end. Particularly leading up t the key to initial savings. Th
indicators beyond 2020. potential impact of ISERVcmb
the life of the discussed in detail in the followin
project and up to section

2020

pop ¢w! ¢9DLY 9 ved th brD. WL/{ @9 { h C

As a result of the savings achieved by the project it iscgrgted that the EU MS will accept the
approach as being acceptable as an alternative to Inspection as allowed for in the recast EPBD.
This will help stimulate the use of this approach in MS, which in turn will stimulate a market for better
monitoring ofHVAC systems, and will reward good energy management and HVAC design by achieving
real energy savings and potentially avoiding Inspection costs.
It will also encourage more efficient HYAC products and services as owner/operators will be able to
specify anexpected HVAC consumption range for their end use activities. The strdoegiterm
objectives are therefore:
[ Provide significant real, measureable reductions in energy u§JHVAC gstemsand to show
energy savings of 20%+ being achieved in openafibuildings on average.
Introduce the principle of rewarding the owner/operator of HVAC systems for good operation
Have the approach accredited as an alternative to physical Inspection where acceptable energy
efficiency performance is demonstrated
[Z  Toestablish a market for this approach to Inspectidrhis in turrwould help establish a market
for skilled HVAC Inspectors rather than the existing compliance Inspection market that has been
created.
[ Establish aobust market for HVAC systems that have degrstrably lowoperational energy
consumption
I Toexplorethe wider useof benchmarking as a means of identifyimgd quantifying many aspects
of building gerformance not just energy
2 Tomake this approachvailable to the market and EU MiBthe comingyears.

Z
Z
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6 ReportStructure

Thissection explains how the information for the project is structured and presented. This report is
the key report for the project and all other reports aderived and linked to this one.

iISERVcmb builds on the IEE AUDITAD:f/www.cardiff.ac.uk/archi/research/auditacy and IEE
HARMONAGAww.harmonac.inf) projects as itdemonstraeshow using sukhourly data at the level

of individual HVAC components can provide a more effective route to understanding and managing
operational energy use and power demands in building HVAC systems.

coOMm whwedtthwe [ !  hl ¢

The iISERVcmb project haovided a unique approach aratcumulated a unique set @perational
datafor building services componenthiring its 3 year periodlhis data is presenteith the following
sectionsusing ths structure

How the iISERVcmb process works and is structured

The energy and power demand @atollectedusing this procesgpr each HVAC component and
sub-component type when servicing a given end use activity type

The energy conservation opportunities (ECOs) identified in HYAC compahenigh the process

The measured energy savings achieiretuildings and systems on the iISERVcmb project

The results obtained from Indoor Air Quality measurements and Inspections to ensure the
iISERVcmb process findings are supported by physical measurements.

The views of the stakeholders and actors affectedtiy approach

ISERVcmb and legislation

= =4 = =a =

= =

The underlying data for each section is availdbden the iISERVcmivebsiteat the referencel linksin
each section
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7 Discussion of the project results, findings and observations

iISERVcmb has gathered a large amaofinformation during the project period, further details of
which are accessible through the project publications referred to in this report and available on the
iISERVcmb project websit&his section conseats the potential impact of iISERVcrmbterms d the

most commonquestionsarising duringhe project:

1. Why is monitoring so important to achieving lasting energy savings in buildings, and what
difference can be achieved compared to Inspections and existing approaches?

From the Case Studies undertakarboth HARMONAC an8ERVcmbver a period exceeding 8 years,

it has been observed and measured that data at this lefeletail not only enables buildingperators

to know where to focus efforts to save enerdput alsohelps them provehat the energyhas been

saved in specific energy consuming equipmefhe longterm benefit of employing iISERVcmb
approach Basic principles can be seen in thieKenzie House Case Studzy’ R S NiBERK b Gase
Studieg folder, where it has led tasignificantlongterm savingsin the overall energy use with little
WNBo62dzyR SFFSOG Qo

iISERVcmishows that electrical energy savings of up to 33% can be achieved AND maintained in
operational buildings from using its processesl@rocedurestt is theCoordinatorsopinion that such

an approach will achieve sustainable electrical energy savings of 10 to 30% in practice in most
buildings. Heating and Cooling energy savings were not explored in detail in this project due to a lack
of enoughappropriate meteringbut savings of § 10% in these aspects would appear very achievable
from the projectobservations, and probabiynore would beachievablein practice.

In comparison, the Inspection approach required by legislation is shgwioth the HARMONAC and
iISERVcmb projects to be capable of identifying some of the energy conservation opportunities
available. However, because it has no impact assessment route, anecdotal evidence collected from
building owners across Europe regardinggaction reports is that they are seen as a legislative
necessity but the report contents are rarely acted on. There is also evidence that many owners of
systems requiring Inspection are simply not having them done as there are little or no consequences
to not undertaking them.

Other approaches that might be employed include advice campaigns, along with more traditional
energy reduction campaigns. There are a number of studies showing that initial savings from
traditional approaches may achieve good inigalvings. However, it is the Coordinators experience
that these savings are difficult to maintain over time without continuous feedback being provided to
keep the impetus going.

In conclusioniSERVcmb has shown that continuous monitoring and targetinghiesebility to achieve

and sustain significant energy reductions in operational buildings. The alternative approaches have
yet to demonstrate that they have either the same depth or timescale of impact, and there appears
to be reasonable evidence to shdhat they do not achieve the same level of impact as iISERVcmb has
attained.

2. Why do | need to understand my buildings, services and metering to the level of detail
required by iISERVcmb?

iISERVcmbasfound that very few building owners or operators in Eusopnderstand their Building
Services fully. Part of providing the confidence needed to produce the-tlrmg energy savings
possible is to ensure the monitoring relates to physical assets that can be acted on. This requires
connecting and collating all thdVAC components, meters and space in the building so that clarity is
achievedMonitoring is then able to play its part, as it is what drives change of operation, maintenance
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and procurement procedures. The monitoring also makes the easy, and free tmpbta-of-hours
savings visible.

Alsg and often overlooked, all buildings are in a continual state of change. This means operational
setpoints can change frequently. The use of operational benchmarks to help ensure nothing untoward
is happening for thenew activitiesor hours beingserviced is vital to achieving the culture change
needed inunderstandinghe value of the information obtained from monitoring systems.

Finally, and equally as important iISERVcmb has found, is that without understandinpdoveters,
systems and building spaces are interconnected, it is often difficult for building operators to know how
to control the building services properly. This information is as important to business continuity as it
is to energy management.

3. What savhgs can regular maintenance and EPBD inspections achieve. Will Advice
campaigns be any better?

One of the key questions for ISERVcmb, partially addressed in the first question above, is why is this
approach better than the existing legislative approacliegt have already taken time and effort to
implement.

iISERVcmb does not have the quantitative evidence to show what is achieved by existing Inspection
NBLI2NIAa Fa GKS LyalLlSoOoiArzy YSIiK2R AYyKSNByGfte R2Sa
sygems. However, if we were to take the full effects of a good Inspection of a cooling and heating
a2aisSyQa O2YLRyYySyGas O2Y0AYSR gAGK | GK2NRdzZAK Yl
the Inspection, then the ISERVcmb Inspection reports indicatettteste would identify and remedy

physical defects, such as dirty filters, at the time of the Inspection leading to potential energy savings

in those items of equipment of up to 15% at that moment in time. The Inspections are unlikely to
identify poor operaion or control of the systems as there is rarely data available to identify this is
occurring.

As noted later in this report, comparison of Case Studies where Inspection and Monitoring are both
occurring suggests Inspection will only identify 25 to 66%he savings projected for those systems
by the iISERVcmb process.

As a rule of thumb the Coordinator suggests that, given the practical implementation of the Inspection
approach that appears to be occurring across Europe and the lack of a feedback isechan
maintain savings, then Inspection should be considered as only achi20@iign averageof the
savings possible through continuous monitoring and benchmarking.

What could not be answered from the Inspection and Monitoring approaches studied ishetet
Advice schemes, as now allowed in the EPBD, would have achieved better or worse savings or
AYy@SaldyYSyid GKIFy az2yAd2NRAy3 logiRona@rain frofndobkh@at he y @ ¢ K ¢
impact on the end users of the Monitoring and Inspection approaches studied, is that Advice will have
very limited impact in the practical reduction of operational energy use. This conclusion is reached as
there is no trigger fomvestment in a specific area, as well as no mechanism for assessing the benefits
of any change made. Therefore there is no reason to disrupt existing design, operation and
maintenance practices in either new or existing buildings and systems. Other msoigsuch as
improving the general efficiency of available plant in the market will occur with or without an Advice
scheme. Advice therefore does not seem to be the correct route to achieving the savings possible from
improving operational energy use.

4. Why are benchmarks important if monitoring already shows where the energy is going?

Benchmarks ar¢he key to putting monitored energy use inttontext. It is one thing to know ho
much is being used, batnother to know whether the amounts are reasonablenot. TheiSERVcmb
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benchmarks are producefdom operational building$or each HVAC component type servicing a given
end use activityThis again provides confidence that the benchmarks are achievable in practice, while
providing the ranges of energy use power demands being achieved allows the calculation of
potential achievable savings as well. Knowing these potential energy, and therefore cost, savings helps
to unlock investment in more efficient components and practices.

5. How much energy is wasted hyot managing our existing stock properly?

iISERVcmb suggssthat acceptable lectrical energy performance can be achievednast buildings

once they are well understood and monitore8avings of 19 to 33% have been achieved in the total
electrical energwse in three of the longererm monitored buildings using the iISERVcmb process. This
suggests that these savings are readily accessible as one of these buildings achieved a good energy
rating from simply controlling their existing, obsolete plant morewetely.

Heating and cooling energy requirements dr@weverdetermined by design and location as well as
servicesand not enough information was obtained from iISERVcmb to ascertain the variation in these
loads thoughit was clear thapoor operation of srvices can ruin a good design. The other issue which

it is important to include iranyanalysis is the creation of a productive indoor environmalaing with
energy efficiencyand this debate still haw be resolved

6. Is the EPBD still appropriate faeducing energy use in operational buildings?

Theoriginal EPBDwas designed to focus attention on reducing the overall energy use of buildings.
Proposed and written in an era when operational energy use and descriptions of buildings, systems

and servicesvere hard to collect and collatéThis has led to poorly focussed metrics such as having
O2YLJ SE YAESR dzaS o6dzAift RAy3da RSEAONKROSR t22al8te oe
Wingle issuQapproachesto deciding actions to be taken, eg. increasingly stringent insulation
requirements; need for inspecting AC and heating equipnergolation;etc.

This world increasingly no longer exists, ahéd EPBD as currently enacted could be argued to be
hindering the design of genuinely low emg use buildingsThese approachesnderstand that
operational low energy use is only achieved when the occupants and activities to be housed are an
integral part of the design process. In highly insulated builditigs energy balance of a building

which ends up as a demand for heating and cooling on the sergiseisicreasingly dependent on the
internal loads produced by the activities and occupants. The two other crucial factors are ventilation
heat losses/gains and solar gains.

In a world where Bliding Information Modelling (BIM) is rapidly becoming a design requirement for
many new buildings and refurbishments, the EPBD as currently enacted with prescriptive
requirements, rather than performance based requirements, is hampering the ability ofriesi,
manufacturersdevelopersetc., to work together to produce the next generation of buildings needed
G2 YSSi 9dz2NRPLISQa f2¢ Sy Jdwherg ahergylsk it jusk dhedvabable | & LIA NJ
amongst manyther equally important ones

TheiSERVcmb project and results show that it is possible to implement an alternative approach to
reducing the energy use of buildings where the determinant of compliance is achéengdy use, as
measured byutility consumptionat the main billing meterbenchmarked by the activities being
serviced, and the plant used for that servicifdnis is a simple concept to understand and does not
require complex calculations to achieve. It also supports the end aim of every European Directive
aimed at reducing engy use in practice.

The iISERVcrdpproach also has the significant incentive of allowing all building designers, procurers

and operators to make their actual benchmarked energy consumption achievements visible to the
whole of Européf they wish¢ helpingthem in their Corporate Social Responsibility aims. tdhis
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allows all building professionals to participate in helping move the achievement of low energy
buildings forward in a manner which will rapidly improve our understanding of what makes a building
operationally energy efficient once you include all the confounding factors such as humans,
unpredictable occupancy and weather, control approaches, etc.

It is the Ceordinators opinion therefore that the EPBD needs a major revision to promote
performane based operation and design of buildings, if Europe is serious about reducing its
operational energy demands by 2020. This change is also essential if we are not to produce a new
generation of buildings that are low or zero energy in label only.

7. What incentives should there be for building owners and operators to invest in the
monitoring route instead of regular inspections?

Inspections as currently implemented appear to bmimor tax in all but name, as their cost is rarely
recovered in any form of sawjs achieved as a direct result of the Inspectidowever, the low cost

of these Inspections means that simply reducing or removing the requirement for Inspection is unlikely
to provide a sufficient incentive to encourage a change to monitoring insteddleWthe iISERVcmb
approach appears to return more than 500% of its annual cost in buildings on average this still does
not always mean adoption will happen as these savings may not be significant in the overall operation
of a company. Removing the potentimeed to comply with compulsory implementation of
recommendations in Inspection reports would help, but as many systems have still not been inspected
this may have less impact than expected. Legislation could also make the alternatives a sufficient
headadie to make them worth changing from in terms of manpower requirements.

Possibly the most promising approach would be to run a Europede reward and acknowledge
system that used the data from such an approach to highlight good performance being achiéeed.
Corporate Social Responsibility aspects of such acknowledgements appears to be more important for
many organisations than the cost savings to be achieved.

However, clearly the most effective way would be to make the adoption of such an approach
compukory for all new buildings and to have a gradual requirement to adopt the approach over time
imposed on existing buildings.

8. Are there particular building categories for which iISERVcmb is relevant? (e.g. offices,
hospitals, buildings with complex heatingggR 02 2f Ay 3 aeéaidisSvyas gAGK LR

All buildings caenefit fromthe iISERVcmb approach is important to note thatSERVcmboes not
work with building typesbut with space types defined by area and primary activiBERVcmbas
shown that thee are significant savings to be made in the operation of all HYAC componentitypes
all situations Clearly buildings with larger energy intensities would benefit more from this data but
findingssuggest that the cost of monitoring shoutdrmallybe more than repaid by the Management
Information returned to the end user on where the energy is going and what it is costing to run various
activities and components.

9. What other benefits are available from having a detailed database containing measured
energy use correlated to the building services components and the end use activities
serviced?

The information obtainable from such a database would be of immense value to all actors involved in
trying to provide more energy efficient services into buildingsAB\nanufacturers benefit from being

able to sell the energy efficiency aspects of their kit for a premium; Building and Services Designers
benefit from a greater emphasis on their skills in producing lower energy buildiPiggessional
Bodies benefit frombeing able to provide more focussed guidance to their Members; Building
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Procurers and Operators benefit from being able to reduce their energy risk and use in operation;
Legislators benefit from a better understanding of the issues and problems to beawer in
achieving more operationally efficient buildings and therefore where to target increasingly scarce
subsidies to achieve this aim.

Ultimately the whole sector would also benefit from the ability to reduce unnecessary legislation and
therefore to rediuce the regulatory burdens on all actors.
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8 TheiSERVcmprocedure

: Major points for this section: 1
: i/ Itis possible to set up a system to ungdierthe iISERVcmb procedure in operational buildilI
: / An important source of potential errors will be minimised if a common data formabeal
: agreed for sukhourly data :
I 7 Data needs to be sent from systems to a database vitrig difficultto try and collect datay
: via external requests due to security issues '
: 7 The iSERVcmb spreadsheet enables the initial description of a building and its s;zslmerr'
: standardised and undertaken offline. :
: / The main implementation barrier is the initial completion of the spreadsheet. This wouj
I overcome by legislation recognising the proceduraraacceptable means of meeting EP{
! requirements. I
: The approach haseen shown to be scalable to enable whole countries to be covered :
: A robust metering methodo_logys needed for the EU, to resolve not only datallection :
I problems but also where to install meters and how to use data from components.
: 7/ Continuously updatedenchmarks for HYAC component energy use by activity and !
: served can be generated directly from the data.

M ™

y O+ 9OwxL92 h at.l 9 tLt{vehat / |

The iISERVcmb approach is founded on an understanding a@ftéraction of thephysical &ributes
of a building, including its meters, services and the activities undertakéme building

Benchmarks ECOs and other guidanaee derived vholly from data obtained fronthe operation of
buildings as HARMONAC showed that this was a majorofaict persuading end users to act on their
energy data.

y ®H b59w{ ¢! b5LLb[06LbIDD !.bl5 { . {¢9af

To provide itsbenchmarksiSERVcmibequires details on the physical composition of buildings in
terms of Utility Meters, Floor AreasActivities undertaken andhe Building Services components
installed.

In iISERVcmb, an HVAC system is a virtual entity comprised of a series of physically described HVAC
sub-components. This virtual entity is then attached to the spaces and activities it services within the
building. An HVAC sutomponent, for example a cold generator, can serve one or more such HVAC
systems within a building depending on the arrangement of the services in that building. iISERVcmb
handles all interactions between meters, component, activities andcepaonce described in the
iISERVcmb spreadsheet.

y®mm9¢9wLbD ! bGLBH{LE wLe9al

The physical layout of the utility distribution systems in a building can have a significant effect on the
viability of metering systems using traditional meteriagproaches. It is therefore important that
where possiblethe design of these systems makes it as simple as possible to separate the utility
consumption by various end uses such as pumps, cold generators, air handling units, lighting, small
power, etc.
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y o 1 19{ 9w{/taw9! 5{ 1 99 ¢

Initial experience within iISERMb of collecing the data required for theprocess from the
participatingbuildings, meters andub-componentsquickly establishedthat a standardised format
was required to ensure comparability lveden systemsacross the EUThe projecthastherefore
established a active Excespreadsheet foboth collecting ANxollatinginformation about HVAC
systems, activities and areasrved in buildings. This can be downloaded fromi8t&eRVcmb website
and enablesanyone wishingo collateand benchmarknformation on their HVAC systertsdo sa

Initially envisaged aan online interfaceit became apparenthat the asset data collation process
should take the form of a standalone spreadsheet to allow f&ingpler and faster use. In this respe
the spreadsheet acts asfant endto the databaseas well as providing a data resource for storing
data on building services, systems, floor areas, activities and meters within a building.
Once completed, and it$ata verified as being consistent via a binlivalidation check, a spreadsheet
can be sent to thelatabasefor uploading, and to allow bespoke benchmark energy consumption
ranges for the building, systems and components to be produdde: spreadsheetan also
Fdzi2YFGAOFEfte 3ASYSNIrdS | Y2NB tAYAGSR asSi 2F oS
spreadsheet.
Thelogicof the ISERVcmb process requities following informatiorto be provided
9 Hoor area and activitieon a roomby-room basis
1 HVAC system components, sensors and utility metetsilled in the building
9 Hours of use of areas by activities (schedules)
1 How these all connect together, to provide the relationship between activities, HVAC
components and utility use.

= A 8 < o
+ [CUBRIC Building IT Spite - Example of Single Space Configuration
; Heating, Ventilation and Air Conditioning System Details
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Figurel - iISERVcmbpreadsheet showing part of the data sought
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An example of part of theiSERVcmb

. - . el o o i ety Connect the meters to the HVAC components and
spreadsheet is shown iRigurel, while te O © sene

that occurs in them spaces they
Describe the building HVAC

process of describing and setting up D) LS 7oy Sarva ® FIVAC components o the systems

0dAf RAy3IQa I & aiSER¥cmb © RIS () gorct e 1A s o s

spreadsheets presentedin Figure2. —

TheiSERVcmbpreadsheet cathereforetake S A Smallpowerandlightng __, R__e

the role of an asset register in which a ——1 P 1

building and system assets are described a e | I -

linked to each other. During theiSERVcmb -—[pr'umps

project, the spreadsheetvas translatedinto NB: AN HVAC system is a

11 EU Member States langges and skl — | IRl

spreadsheets were completedn 16 EU o S —

Member States. , vacsytem —i—> [ R
Boilers (NI AR

Completingthe spreadsheetwas found to
need a time and cost investment at ¢
O2yaSNBI GABS O 2 A ( m?2 2Figure2 - iISERVemb spreadsheet completion procedure
based orthe iSERVcmbxperience F s mmmm——m— s s ——————————
Theuncertaintiesthat were observed during | ISERVemb spreadsheet key points:
the use of the iISERMb spreadsheet include § f The iSERVcmb process revolves arou
alikely error of-1 to +4%f the recorded floor | physical items. :
area valugthe need toinitially verify data in | 1 The information concerning the meterg
order to identify wrongly installed or | HVAC components, spaces, within the 1
describedmeters quicklyAn error of£2%is : buildings resides with a number of peopi
assumedfor verified data The largest likely 1 within the organization. Commonly muc:
error observed was theuncertainty over : information does not exist. 1
exactly what eergy end useand spacesach | ¢ permissions to obtain the informatiof
meter servei_ as electrical circuit dlagrams: needed can be difficult to obtair:
were often missing or not ufp-date. : depending on organization operation !

I

I

. . I 1
It is alsoimportant to note thatthe initial use 1 Collating this information in the !

of the benchmark proces across Europe | spreadsheet unlocks the ability to provid
reveded the anticipated need for further 1 better control of the systems ang
information on occupancy and temperatures: investment I
1 1

tbo :egﬁqrigt:ci the spread of some of thel 1 The electrical distribution and meterinf
N C. a a. ges _ | strategies are key to eventual informatiol
The final version of the spreadsheet availabli provision :

for free on the iISERVcmb website link (show}
in the box alongside) will also provide a firs:
estimate of the benchmarkanges for a |
building and its systems entered into thq
spreadsheet, without having to upload thd
spreadsheet to the HERO database.

1 Information on existing plant can b{
difficult to obtain I

Further iformation can be found in theI
GSERVcmb Spreadshéet | yRtabage|
informationg F2f RSNE dzy R?.'I
hyperlinks:

i Process overview
Latest version of spadsheet

1
i Spreadsheet Quick Start Guide
1

Spreadsheet FAQ document

o e e e e
S —
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However, uploading the completed
spreadsheet to HERO will provid
additional insights into the building| a0
systemsand componentperformance 390
This upload can be done by followin
the instructions in the spreadsheet. A
example of the benchmark range
report from the spreadsheet is shown

Building

BN W
wu
=]

kWh/m2/annum

alongsidein Figure3 for a building in 0 e
the iISERVcmb project. I G A A S I A
The iISERVcmlspreadsheet has beer Month

endorsed by bOth REHVA and CIBSE Good Average @ Needs Inspection

o

a means of collating the data needed n - & bullding benchmark eed 1
~lgur - EXam ndin nchmark ran r rom
better understand HVAC systems i gure amp'e DUliding benchmark ranges produced 1ro

o | . ISERVcmb spreadsheet
buildings as well as beirgeneficial for
mandatory Inspectionsitisalsoy 2 4 LI NI 2F (GKS ! YQa 9RdzOF A2y Cdz
schools.

y ®p 9wie | 9{ 9 wdi5/lac.! . ! {9

Once thephysical assets in the buildiage described and entered into the spreadsheetdan be sent

to an email address where it is themtomatically loaded and configuredtime HERQlatabase Once
loaded a set of blank benchmark ranges can be produced which are tailored to the building, systems
and activities described.

As the processreceives datacontinually for many buildings, meterand sensors it carproduce
regulaty up-dated benchmarkanges by HVYAC componetype servicing specified engse activities
by unit area The benchmarks derived frothis real consumption datgan bepresentedby system,
component, spacandactivity.

For a particular building, plotting thectual metered consumptioaverthe tailoredbenchmark ranges
immediatelyshows how welthe building,systemor componentis performing A major strength of
this approach ishat, asthe benchmark rangeare derived from operational data from other users
servicing thesameend use activitieghis is persuasive in getting end users to act on the information
provided.

End users als@ceiveanalyseddata showingpotential ECOgEnergy Conservation Opportunitién)
automated monthly reports, or on demand between monthly intervédsre than 20 ECOs have been
integrated to HERQwyhich scan the data provided tdetect and report on potential energy saving
opportunities. The proviesn of HVAC component technical specificatimsequired toallow some
ECOs to be triggered amtludedin the HERO reports end users receive.

The diagranin Figure4 shows the major inputs and outputs of the HERO database. These inputs and
outputs arefurther described below.
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e (< ‘ )
Initial Data\ e G-
Entry via - —>» ' Reports °
\Excel s—heet-) iISERV web &S & @)
- N database
Meter/ | i and _)r ECO N
sensor analysis : > |
|~ data y software - —
[ Utility costs/ | *.>{ Benchmarks
tariffs - :
| GBP/EUR/etc : 5
.lllllIlllllllIIllIIIIIIIIIIIIII
Figure4 - Schematic of ISERVcmb process

y ®c 9wh ¢ha! 698! [ h!1 59w

HERG automated data loadds an essential part of the system gomebvides the followinglata input
functionality:

91 Dataimport:
o Automatedloading of email attachments via th8ERVcmbata domain
0 manualentry via the online user interface
1 File Typestxt and.csv files
1 Data FormatsThe HER@onfiguration tool allows wersto load the majority oMemberSates
data formats
1 Meter TypesAble to load all common utility types as well as sensors such as external and
internal temperature.
1 Subhourly, daily, monthly andnnual intervatata
1 Consumption and Reading Meters
¢ KS RIG1F 2 R SuNdicnprévedédntral@d tiieprotididn yidhigh quality datéor the
project as the data supplied frometers from around Europe was oWariable quality Over 50% of
the dataeventuallyloaded foriSERVcmbither had missing data, corrupted data or botthe HERO
systemhas handledLO0+ different dataormats as well as differing numeric and date formai®
AYLINRGS (GKS ljdzr t AGe 27F dat&$anRhgimbdulé Bovigdi folodahglJt A SR X
functions
1 Identification and quarantine of corrupted readings
1 Intelligent dgorithms to clean data where there have been spikes, negative readings, changes
in units and meter flips.
1 Estimatel readings formissing meter reading and consumption metdestimated readings
are automatically profiled if historical data exists. If nistbrical data existsthe loader
produces a flat consumption profile.
9 Produdion of a set of meter exception reportent to the data providethat show:
0 The number of readings loaded
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o The range of data available
o The percentage of estimated data in theeter
0 The meters that were not loaded

y ®1 9wh9t hwe Meter Data Summary — Date Ranges

Figure5 showsgn YT ] o] [Shrrmrmr——
mete_r Qata qualityreport for e — P . Missing
a building. For each meter i— o
10¢h Flger CP 2011-07-) 014-03-31 " 83% ]
presentsthe date range of R e = — :
the data loaded, the @ [wmce = — =
percentageof this data that = @ [waricorce " 0% s
has beenestimated and the B [sufeorce W70 | 110 = 1% ]
number of missing months_ B | feoeststes 08 com pover 2 e g
-'F 2 NJ I 6 dZ}\ f .R']k . 4th Floor CP 2011-07-01 2014-03-31 n B.1% 1]
. . . Beh Floor CP 20110701 20140331 n B1% 1]
traffic light colours are green = o = = :

when the data has no missing™ _ _
months and less than 2% i‘FlgureS-ExampIe report showing meter data quality

estimated, amber with no missing monthadh2 to 5% of the data is estimated, and red when more
than 5% of the data is estimated or there are missing months.

TheHERGReporting Module allows users kog into the HERO website andnfigure sets of standard
reports which can be automatically enedlout to end users in a series of formats such as Excel, Word,
PDFand HTML. Users are able to produce individual reports on demandthrerhlERGibrary of
reports.. The HERO Reporting Module automatically generates 2 standard reports per building. Th
first is a high level report that shows a summary of the building, its consumption and any potential
savings that can be made. The second report is very detailed and shows a breakdown at the services
level for the building along with heat maps at the terelevel where subhourly data is available.

From simple building consumption reports to detailed reports, HERMIe toaggregate suhourly
data up to a standard
monthly consumption McKenzie House Average Rolling Annual Elec
interval to produce a m2-TotsiBenchmark Haliges St
variety of graphs and
reports to suit end user
needs.

The reportin Figure 6 is

central to the iISERVcmb
project. It shows the
tailored benchmark ranges TIrTrerre oo B
for the ISERVcmbldcKenzie ‘ ‘HH HH’HH

House Case Studyin red,

orange and green bangds :

with the measuredRolling e  Yestoend ctmonth shown

Annual Consumption per Benchmerks are for:Fire Control Panel, HVAC, Lits,Lighting, Sl Power 2
m? for the buildingoverlaid B e el

in blue columns Rolling
Annual Consumption is one

@S NRa RIFGlF adzYYSR dzLJ 42 GKS SyR 2F (GKS Y2y
be the agregation of the 12 months Jan @®ec 06.

Figure6 - Example iISERVcmb benchmark repeovthole building level

et
A
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If the consumption is in theed band iISERVcmb proposes thatK S o6 dzA f RAy 3 dab
F YO SNI oFyR Ad 6! @SN} 38¢ dziAfAade dzalr3s | yR

HVAC Summary — Performance Relative to Benchmarks
y &yl 9 wh

V\g t h W ¢ { HVAC - Electricity Annual kWhim2

Status HVAC System Name Year To Measured EEm;:;r:ark Een;gﬂrzark Beng;::ark Ee":n'::"k

y () y () m/‘ Q A @ A |"Q Main system (AHU1 and AHU2) 31-12-2013| 354240 970 114.27 32500 43041
| +1 / é é Kitchen Storage Split 1 31-10-2013 10335 1.00 36.70 17950 358.00

PN — A LAN Room AC System 31-10-2013 93.21 1.00 20.90 100.50 200.00

l:JS NJ:F m Servery Split 31-10-2013 103.35 1.00 36.70 179.50 358.00
adzyyl N‘b System AHU 10 31-12-2013 77.41 0.06 54.81 164.99 220.14

The report alongSide System AHU 11 31-12-2013 77.37 0.00 54.91 16542 22073
provides a summary of System AHU 5 31-12:2013 109.11 16.57 96.07 265.02 35047
the performance of a System AHU 6 31-12-2013 121,67 14.64 61.64 163.94 21354
. dZ}\ f ﬁ 7\ y 3 Q é Training Room Splits 31-10-2013 158.82 1.00 36.70 179.50 358.00
Systems I'e|atlve tO Domestic Hot Water System 31-10-2013 354 9.61 26.65 6443 8243

their benchmarks using the Red,
Amber, Green methodologys shown
in the previous report.

y dy ¢Hi I Y R NR a2y iaKtea
| 2y adzylLls 2y

This is a simple buildinconsumption

report. The HERO system aggregates

sub-hourly data up to a standard

monthly consumption interval which

givesa simple to read report.

y Oy $drdk 2 dzZNX @ Y S SNJ NB L2 NI
The ability to load subourly data

allows iISERVcmb to produce reports

at the resoltion of the supplied data.

The two reportspresented nexshow

examples ofhese

The first report is a Carpet Plot. It finds
the highest consumption value for the
period chosen and splits it into 10%
steps with purple being -@0% and
white being 96100%. It is a very quick
and visual way to identifpperational
anomalies. In this casehe chiller
pump comes on at 11:15 every night
due to a commissioning oversight¢3
4% saving in AC systannualenergy
use resulted from rectifying this
problem.
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