Roadmap to nearly Zero Energy Buildings
Towards nZEBs in 2020 in the Netherlands

b et d»

Royal
HaskoningDHV TVVL

Technische Universiteit
e Eindhoven
University of Technology

Student : )1 C8 +8 ' O UAAT T ¢
TU/e supervisor : Prof. Ir. W. Zeiler
Royal HaskoningDHV supervisor :  Ir. W.H. Maassen
Version : Finalversion
Date : April 15t 2014






Royal HaskoningDHV

Building Services and Construction
George Hintzenweg 8

Postbus 852(

3009 AM Rotterdarn

Telephone +31 (0)10 443 366
Fax: +31 (0)10 443 36 8

E-mail: info@rhdhv.comr
www.royalhaskoningdhv.cor

KvK: Arnhem 09122561

Roadmap to nearly Zero Energy Buildings
Towards nZEBs in 2020 in the Netherlands

\
Royal

HaskoningDHV

TU/

Eindhoven Unive
Faculty :

rsi

Department: :
Master :

Student
Student number :

Period
TU/e supervisor

RoyalHaskoningDHV supervisor :

Version
Date

H»

TVVL

Technische Universiteit
Eindhoven
University of Technology

ty of Technology

Architecture, Building and Planning
Building Services
Sustainable Energy Technology

ylr¢cs +8 ' OF UAAT I
0731720

November 2013z April 2014

Prof. Ir. W. Zeiler

Ir. W.H. Maassen

Final version

April 15t 2014






vy
Royal
Royal HaskoningDHM TVVL i TU/e HaskoningDHV

Preface

This study was commissioned by Royal HaskoningDR¥AIDHV) and TVVL in cooperation
with the Eindhoven University of TechnologyU/e). The studywas conducted as an
internship project for the master Sustainable Energy Techn@bdy/e The aim of this
study was to prepare a roadmap for nZEBsarly Zero Energy Buildinggpwards 2020 in
the Netherlands.

The aim of this report is tprovideinsight on nZEB solutions for the Dutch situatioFRirst the
European definition of an nZEB is given and examples of nZEBs in the Netherlands. Next the
potential of nZEBswill be investigated bydetermining status and policies Butch energy
infrastructure ad current and innovativenergy saving measure$cenarios forthree
different areaswill be determinedfor reference building to which innovative building
techniquesare applied. Finally a cosbptimality calculation is performed to determine
whether tle scenarios are financially feasibkefull description of the internship assignment
description can be found Appendix |

The repor has beenvritten for RHDHV (Wim Maassen)TVVL (Hans Besselinkjo support

their research towardsZEB and as internship project for the)/e (Wim Zeiler). The AASA
group, including Jarek Kurnitski (Tallinn University of Techogy/REHVA), Jan Aerts
(ISSO Neherlards) and Jeroen Rietkerk (TVVL), was also involved and has supported the
nZEB project. Theontent of this report has to be treated confidential.

RotterdamApril 2014
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Summary

This report describes a roadmap towards nZEB in the Netherl@hdsmain foas of this
studyis to map current nZEB status and provide a cost optimality calculation for nZEB
scenariosThe technical and financially feasibilishowthat nZEBs have apd potential in

the Netherlands.

The first chapter starts with the definition bZEBs according to the framwork of the
European Commissionthe EPBD (Energy Performance of Buildings DirectiveYhe
directive states that nZEBs should have and energy consumption close to 0 R#yh/(m
achieved with a combination energy efficiemagasures and renewable energy technologies.
Important fetures are discussed such as-site and offsite energy production, which
requires appropriate legislation to stimulate renewable energy sources.

The second chapter describes the current situatidoudding performance requiremerits

newly built and existing buildings he situation in the Netherlands and Europe is discussed to
get a good overview on the overalEB status.Currently the Dutch government has not yet
proposed an nZEB definitiorin order to create an energy neutral building stock in the
Netherlands, renovation rate and depth should be increased significantly.

Examples of nZEBs in the Netherlands show alreexigting buildings which technically
satisfy future regulation. In ordeto provide insight toenergy saving measures and
installations, comparisons are made for three building categories: single family house,
apartment blocks and office buildings.

ThenZEB potential in the Netherlands is described in chapter three. The amfeagyructure

is discussedaind example projects of smart griéggpplying different techniqueare shown
Furthermorean overview of energy saving measurneseresting for nZEBsis shown; he
overviewis presentedccording to an adapted Trias EnergetipproachTwo systens show
the best potential in the Netherlandthe GSHP (Ground Source Heat Pump) and ATES
(Aquifer Thermal Energy Storage) systerRgirthermore mechanical ventilation with heat
recovery and large scale PV application are recommended.

In chapter four nZEB scenarios are determined for three areas: Urban area, Suburban area,
and Rural areaFor every area a reference building according to coming regulation is
determined, using existing techniques (construction and installation). Thrd® sc&Barios

are omposed using energy saving measuwerrently being developedo reduce energy
consumption and proved sustainable-¢tie) energy production. EPC scores and primary
energy values are determined with the ENROM tool.

Forall three areas @ew isgiven on the currerdnd futureenergy infastructure Smart grids,
energyexchang between buildingon a local level, will play an important role in future
energy infrastructure.

Chapter fivedescribes the cost optimality calculation performeddamiddle sized office

building. LCC calculation methods are used to determine all building cost over a life span of

30 years.Additional gains such as increased productivity and reduced sick leave ar
incorporated in the LCC6é <calculation, resul i
nZEB scenariosAn average EPC score of 0.2 20 kWh/(nfa)) was accomplished for the

three nZEB scenariosThe scenari® incorporatingGSHP and ATES systems ash best

potential. The cost optimality includes financial andcreeconomicanalyses, followed by a

sensitivity analysis.
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Abbreviations

ACH Air Chargeper Hour

AIDA Affirmative Integrated energy Design Action
ATES Aquifer Thermal Energy Storage

BPIE Buildings Performance Institute Europe

CA EPBD Concerted Action EPBD

CAPEX Capital Expenses

CCA Concrete Core Activation

CHP Combined Heat and Power

DUBO Duurzaam Bouwe(Sustainablé&Constructio
ECN Energieonderzoek Centrum Nederland
EMG Energieprestatienorm voor Maatregelen op Gebiedsniveau
EU European Union

EURIMA European Insulation Manufacturers Association
EPBD Energy Performance of Buildings Directive
EPC Energy Performance Coefficient

EV Electric Vehicle

EWA European Windtunneélssociation

EWEA European Wind Energy Association

GGP Green Gas Project

GSHP Ground Source Heat Pump

LCC Life Cycle Cost

LCCO Life Cycle Cost with additional gains

LTES Long Term Energy Storage

MGT Micro Gas Turbine

MS Member State

NPV Net Present Value

NPEC Net Present Extra Cost

nZEB nearly Zero Energy Building

OPEX Operational Expenses

PBP PayBack Period

PCM Phase Changing Material

PMC Power Matching City

PV Photo Voltaic

PVT Photo Voltaic Thermal

RCI Rotterdam Climaténitiative

REHVA Federation of European Heating, Ventilation andasinditioning Associations
REAP Rotterdam Energy Approach and Planning
RHDHV Royal HaskoningDHV

SC Solar Collector

SDE Stichting Duurzame Energieproductie
SOFC Solid Oxide FueCell

UKP NESK Unique Opportunity Program to Energy Neutral Schools and Offices
VIP Vacuum Insulation Panels

WFS Woven Fabric Subwaste

WFW Woven Fabric Waste
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Introduction

The aim of this report is tprovideinformation and insighon nZEB developments that will

occur in the near future and what consequences of these developments have for buildings, in
particular for building servicesThis projectis realized by a co-operationbetweenRHDHV

and TVVL, in collaboration with th&U/e.

In 2010 the Europeaommissionhas launched the Energy Performanon Building
Directive (EPBD)with the maintarges to reduce C@ emissions with 90% compared to
1990. The EPBD requires all newly builsuildings to be nZEB in 2020 falifferent building
functions. Existing buildings will also have to comply with this regulation towards 2050.
EachEuropearMember $ate (MS) has to work out a plathat includes amZEB definition
for different building functions, determining specific buildirggjuirements

The Dutch government has set out a plan to implement nZEB regulation for the coming years.
In the nearby future (2015/201he Energy Performance Coefficient (EP@mandwill be
lowered for residential buildings and nogsidential buildings. In 2020llanewly build
buildings have to comply with the nZEB regulati@P C ).& 0

To support the future policy on energy performance improvemgrsstudy will provide a
roadmap towardsiZEBs with atechnical and financial feasibility study. Cagitimality
calcuations are essential for deternmg theDutchnZEB definition, because they determine

if the energy efficient measures are cost effective and can be implemented in the building law.
In the near futureEPC requirementawill be reduced to values th&y within the secalled
00Cost 0 p t as mleown inFigunedl €gbe@n area)This range is determined by
calculating the Life Cycl€osts(LCCs)over a period of 30 years

In 2020 buildings will have to be nZEB@®Ilue areain Figure 1). The nZEB level is
determined by each EMS based on theconomicfeasibility. Current calculations show that
nZEBs will result in much highdrtCC values than the econmoc optimum. Therefore a LCC
method wiich also takes additional gaife.g. productivity, resale valu@jto account will be
proposedo reduce costs and shift the economic optimum towards nZEB requirements (blue
arrow in Figure 1). This calculation method serves as an important foundation fiie
Roadmap towards nZEBs.

>

Current __——

requirements

| “Cost optimal range”

Life Cycle Costs measure [€/m?]

Economic +15% |
i optirrum i
: yau
i Y >
2020 2015/2017 2013

EPC demand [ -]

Figure 1: Lice Cycle Costs versus the EP@emand.




vy
Royal
Royal HaskoningDHWi TVVL i TU/e HaskoningDHV

Background

In Europe, around 40% of the existing building stock was constructed before the 1960s when
building energy codewere almost none existing. When oil prices increased in the 1970s,
severalEU MSintroduced requirements for the thermal performandeir building codes,

with the exception of some Scandinavian countries which already had requirements in place.
New residential buildings in Europe are estimated to consume about 60% less energy on
average than those buildingsnstructed before the idt1970s.[1] With sharplyincreasing
energy pricesn the 2F century regulations concerning energy performance for newly built
and renovated hidings areof crucial importance.

On 19" May 2010, a recast of tHePBD was adopted bfuropean commissioto launch

their target towardaZEB in 2020 EU MS need todetermine an exact definition of aZEB

using the EPBD recast

Following the EPBDrecast, lhe Federation of European Heating, Ventilation and Air
Conditioning Associations (REHVA) realized-eport[2] with intention to help thexperts in

the MS to define thenZEBsin a uniform way. Technical definitions and related specifications
are prepared in the level of detail to be suitable for the implementation in national building
codes.This literaturewill be used in defining the regements and regulations for reference
buildings.

The Dutch governmenhaspublishedthe dNational Planto Taple 1: EPC demandfor residential
promote nZEBsO [3] in September 201Zollowing the buildings in the Netherlands.

EPBDrecasby indicating the ullBEEEENIE=RG o f a

Zero Energy Buildingo. | N tlbaeuaryN @6 hje.d ands
indicated by the Energy Performance CoeffitidEPC) 1 January 1998 1.2
which is described ithe NEN 7120norm. Currently, the 1 January 2000 1.0
EPC is 06 for residential buildingsand accordingto the 1 January 2006 0.8
6Lent e [(RBB BRCwi be lowered t®.4 in 2015. 1 January011 0.6
The Lente Akkoordis a covenant of the new buildings 1 January 2015 0.4
sector, aimed at reding the energy consumption of new buildings over time. In this signed
agreement between the public and private sectors, a nwhleé#orts have been agreed to
reduce the energy use of new buildings by the year 2015 by at least 50% compared to 2007
levels [3]

The dNational Planfor promotingnZEB® describeggovenmental activitiego stimulate the
development of nZEBs Hy];

1 Setting clear goalsfor all stakeholdersand the establishmenof clear laws and
regulations defining the EPC value for residential and smesidential buildings.
Acquiring a broad support among all stakeholders, including residents and users.
Appreciatingcollective solutions
Encouragingsufficient knowledgeo all players
Stimulatingcooperationn the chain(i.e. optimizing performance of the construction
sector hrough continuous improvement: cooperation of chain partners and
stakeholders in the building process).
1 To provideroom for experimentatigf or exampl e the program
were upcoming EPC requirements are tested for 19 innovative prpjeetdsacross
the country.
1 Acting as a launching customehe government will be the first bigustomer ofan
innovative product

E

P

0



v
Royal
Royal HaskoningDHM TVVL 1 TU/e HaskoningDHV

1 Definition

In this chapter the definition of the nZEB is given according to the EPBD recast. Furthermore
a brief descriptiorof requirements is given to which futuregulationand implementatioof

an nZEB should apply to. A visioon the nZEB definition for the Dutch situation will be
discussed ahe end

1.1 Whatis an nZEB?

The definitionon afinearly ZeroEnergyBu i | dis desgribed within th&PBDrecast of the

EU [5] and itis specified that b1 Decembe2 0 20 al | new buil dings
ener gy b@ovdrndhéentalgbsildings occupied and owned by public authorities, will
have to be fnearly z%Decembem2618 gocordmg to thel EPBEQ s 0
recast.The actual definition of nZB is given in Article 9 of the EPBD:

fiNearly Zero Energy Building (nZEB): Technical and reasonably achievable
national energy use of > 0 kWhAa) but no more than a national limit value of
nonrenewable primary energy, achieved with a combinatiorbedt practice
energy efficiency measures and renewable energy technologies wlyicin may

not be cost optima.[2]

Note 1: Orealsohamé ansaclhhy evampari son with
appropriate to the activities served by theilding, or any other metric that is deemed
appropriate byach EJ MS.

Note 2: The European Commission has established a comparative methodologyoftamew
for calculation of cosbptimal levels (CosOptimal).[6]

Note 3: Renewable energy technologies needed in nZEBs may or may not-b#emtiste,
depending omvailable national financial incentives.

1.2 Requirements and regulations for nZEBs

The EPBD describes requirements to whi@EBs should comply with. MSvill have to
apply methodology for calculating energy performance of buildinggdording toAnnex |
in the EPBD[5]. This methodology habeen adopted for thButch situationin which the
referential buildings have been categorized:

a) single family hauses of different types;
b) apartment block and multifamily houses;
c) office buildings

Other referential buildings the nonresidential ilding categorymentioned inAppendix |
of theEPBD) for which specific energy performance requirements @xest

d) eduational buildings;

e) hospitals;

f) hotels and restaurants;

g) sports facilities;

h) wholesale and retail trade services buildings;
i) other types of energgonsuming buildings.

S

b

nat
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The common general framework (from EPBD) describes that energy perforimastebe
determired on the basis of the calculated or actual energyslt@mnsumed and has iteflect

the heating and cooling energy needs to maintain the envisaged temperature conditions of the
building, and domestic hot water needs. The energy performance has toréssedgn a
transparent manner and shall include an energy performance indicator and a numeric indicator
of primary energy use, which may be based on national or regional annual weighted averages
or a specific value for egite production[5]

The mehodology has to take into consideration (at least) the following agpécts

a) thermal characteristic®f the building: thermal capacity, insulation, passive heating,
cooling elements, and thermal bridges;

b) heating installatiorandhot water supplyincluding theininsulation characteristics;

c) air-conditioning installations

d) natural and mechanical ventilatiomhich may include aitightness;

e) built-in lighting installation(mainly in the norresidential sector);

f) thedesign, positioning and orientation of the buildingcluding outdoor climate;

g) passive solar systerasdsolar protection

h) indoor climatic conditionsincluding the designed indoor climate;

i) internal loads

The positive influence of external influences shall, where relevant, be taken into §6¢ount

a) local solar exposureonditions, active solar systems and other heating and electricity
systems based on energy from renewable sources;

b) electricity prodeed bycogeneration

c) district or block heating and cooling systems

d) natural lighting

The National Plan to promote nZEB3] promotesusage ofrenewable energy sourder
nZEBs it enhances the definition from thiRenewable Energy Directivi2009/28/EC)[7].
According to the EPG (EneggPestatie voor Gebiedsniveathe éTrias Energetiodapproach
may beapplied by the building parties. The Trias Energetica stepped approach is as follows:

1. reduce the demand for (primary) energy
2. apply renewable energy sources
3. use fossil fuels efficiently.

The aim is to increase the share of renewable energidrgasing the EPC towards nZEBs.
Also the boundary conditions concerning the thermal insulation of the building envelope and
U-values for windows are tightened to reduce energy losses. The cstaestand future
measures concerning the EPGhe Netherlands described in chapte:.1.1

In the REHVA nZEB Report 201f2] technical definitions (according to prNEN 1562313)
regarding boundaries of the building site and nearby/distant energy production is given. Basic
energy balances of delivered and exported energy system boundaries for the primary and
renewale energy are given, shown igure2. The system boundary definitions apply for a
single building or for sites with multiple buildings with or without nearby production.
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Definitions of system boundariesrfenergy use are:

1 Energy use system boundafya | s o

0 b ui | iddludeg allareas asdoaiated 6 )

with the building (both inside and outside) where energy is used or produged,
excludes the building technical systems convertingite renewable reergy source
(normally placed at partially outside the building envelope)

1 Building site boundarythe extension of the building boundary which includes the
technical systems converting-site renewable energy sources.

1 Nearby boundarythe extension whichas to be defined on national bases to include
nearby renewable energy production tisatontractually linked to thieuilding.

' I I Delivered energy
on site

| Exported energy

1 oncite

Total energy use
of the building

System boundary of encrgy usc |

Building site = system boundary of delivered and exported energy on site

System boundaries for ite assessmel
(nearby production not linked to th
building) for nZEB definition, connecting &
building to energy networks and using-(
site renewable energy sources. Sys
boundary of energy use of building techni
systems follows outer surface of the build
in this simplified figure; system boundary
delivered andexported energy on site
shown with dashed line.

N W W R R R RN e e e e ey

nearby

Delivered energy

Nearby assessment boundary
be used in the case of near
energy production linke
contractually to the building
Compared to ofsite assessmel
boundary, delivered and exporte

nearby

- energy flows orsite ae replaced
Total energy use by delivered and exported ener|
of the building Exported energy flows nearby.

System boundary of

W

energy use

|
On site :

Distant

Figure 2: System boundaries for nZEBs for a) orsite energy production and b) nearby energy production2]

The definition of nearby energy production will be important to buildings in urban areas since
dense buildingconstructions createnormous challenges for -@ite renewable energy
production. In order to be able to take into account a new nearby renewable energy production
capacity contractually linked to a building (site), it is a prerequisite to have fitting national
legislation. This legislation should allow allocating new capaa the building/development
with a long term contract and assuring that investment on that new capacity will lead to a real
addition to the grid or district heating or cooling nii].
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1.3 Vision
This section describes a vision about nZEB definition for the Dutch situation.

The framework for nZEB specification has been provided by the European Commission; the
next step for the Dutch government is determinean nZEB definition for all building
functionsmentioned in the Bouwbeslui€urrentplans and ideas have been presengmdare
furtherdiscussed in chaptérl.l

The goal of nZEB is to reduce energy consumption and the related emissiesis.fuels

such as gaand coal,powering electricity plarst and providing heating, are getting depleted
causing energy prices to increase. When reducing energy consumptions of the built
environment, EU countries become less dependent on endrgyn unstable regions
somethinghatis desirableconsidering increasinigstability in thesecountries.

The EU nZEB definition states that nZEBhould be providd with renewable energy
sources. Building density in the Netherlandsiigh; especially in the Randstad were almost
half of the Dutd population lives This fact is important for sustainable energy production,
sincemostrenewable energy techniques have low energy production capacity perénd
(surface)compared to a conventional power plaAtso the low efficiency makeshem
unattractive These facts makedifficult to provide sustainable energy to buildings in densely
populated areas.

According to the EPBD nearby (effte) sistainable energy productiaiteswill have to be
contractually linked to a building (site).oTaccommodate this type of energy production,
fitting legidation will have tobe in place. Without the proper regulation it would be quite
convenient to contractually linkn energyinefficient buildingto green energy production
sites,to become an nZEBHowever, his goes against the idea of nZEBs which should
provide itsrenewablesnergy orsite.

The principle of Trias Energeticauld beguidancefor the nZEB definition. Three steps are
involved with Trias Energetica:

1. reduce energy csumption
2. use renewable energy sources
3. use nonrerewable energy sources as efficierdly possible

The second and the third standard should be replaced by:

2. use onsite renewable energy sourges
3. use offsite renewable energy souraeslittle agpossible

To stimulate orsite production and minimizeuildingd e si gns t hat @Ramgers@st a
legislation should prescribe thiatilding have tautilize maximum amount of sustainable-on

site renewablesnergy, before cordctually link the builthg to off-site energy productiorit

is however difficult to determine whether a builder/constructor has considered a wide
variance of sustainable energy measures.

It is therefore advised to consider a legislative system determinksgeosustainablenergy

yield dependent on the building density. For exanmgpleertain percentage of energy may be
contractually imported when a building is built in a dense area.




S
Royal
Royal HaskoningDHM TVVL 1 TU/e HaskoningDHV

2 Current situation

The current situation regarding nZEBs is discussed in this chapter. First there will be a
discussion abouhe status on nZEBs in the Netherlands and the rest of Europe. Second there
will be examplesand comparisonsf nZEB in the Netherlands for three laing types: a

family home, an apartment block and an officgéiding.

2.1 Status on nZEBs

In this section ideas about nZEB the Netherlands and Europe are discus8edding
performancein the Netherlandss expressed in Energy Performance CoefficientQEP
Current and futurstatus on EPC demandsdiscussed anthe effect of changinghe EPC is
evaluatedThecurrentstatus and progress of implementatidnhe EPBD directive in Europe
is analysed by comparing differentinformation sources discussing building energy
requirements, legislative framework and financial schemes.

2.1.1 The Netherlands

Dutch anergy performance certificatdsve been in place since the beginning of 20T8.
determine the EPC, levels of insudet (roof/walls/floorand window incluchg frame) and
installatiors (heating, cooling, hot water, ventilation, anghliing) are taken into account.

The EPC is a policy toofaccording to NEN 7120providing a calculation methodor
building energy performancdhe EPC gives an indication of the primary energy demand,;
however the actual demand is mainly dependentobgupant behaviour. Therefore
differenceshould be madbetweerEPC scores and actually measured energy consumption of
buildings.

During the pewnd from 2008 until the end of 2012 over 2.4 million residentiaérgy
performance certificate were issued, coveringiore than30% of the residential building
stock. In the nomesidential sector, a total of 15,0@@rtificates were issued in the same
peiiod, mainly for offices, retail and shops or shopping m@#sFigure 3 showscumulative
numbers oenergy performance certificagtéorthe residential sector in the Netherlands

Cumulative number of Energy Performance Certificates,
residential sector

3,000,000

2,500,000

2,000,000
1,500,000
1,000,000
500,000
o .
2011

2007 2008 2008 2010 202
Year (-)

Number of EPCs (-)

Figure 3: Growth of number of residential EPCsin the Netherlands [8]

In current Dutch building legislation new requirements are set for the energy efficiency of
new buildings and major mevations of existing bldings (25% of building costs)The
Netherlands has currently (November 2013) not applied any mandatory requirements for
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energy renoation of buildings, but has instegout more focus on a series of support
programmes and collaboration initiatives that facilitate building energy retrofits. The Energy
Efficiency Directive[9] requires EUMember Statdo establish by April 2014 a lorigrm
strategy to mobilise investment in the renovaidmational building stocksA summary of
renovation riated requirements in Europeainedtives is provided ifable2. [10]

Further discussion on future renovation requirememtd projected pathways to satisfy the
future EU targetsan be foundn chapte2.1.3

Table 2: Overview of renovation related provisions of European Directiveq10

Provisions of renovation requirements in European Directives

Energy Performance of Article 7: When buildings undergo major renovation, the en
Buildings Directive performance of théuilding or the renovated part thereof needs
(EPBD, 2002/91/EC])5] be upgraded in order to meet minimum energy perform

requirements in so far as this is technically, functionally

economically feasible.

maj or r enmeans thd rénovation of a building where:

a) the total cost of the renovation relating to the building enve
or the technical building systems is higher than 25 % of
value of the building, excluding the value of the land u
which the building is situated; or

b) more than 25 % of the surface dthe building envelopg
undergoes renovation;

Energy Efficiency Directive | Article 4: Member States shall establish a légegn strategy fo

(EED 2012/27/EU)9] mobilizing investment in the renovation of thetional stock of

residential andommercial buildings, both public apdvate.

Article 5: Obligation for a renovation quota of 3% of all pub

buildingsowned and occupied by central governments.

Renewable Energy Directive | Member States should introduce measures to increase theost

(2009/28/EC)[7] energy from renewablsources in new and renovatedldings

Table 3 showsan overview of EPC requirements for Dutch buildings for both the residential
and norresidential sectolOver the years, the ERd&@mandor residential buildings has been
tightened from1.4 at the start in 1995, to Offom January 2011 onwards. Building
companies have agreed with the Dutch government ofurther tightening of the
requirements in the near future, in order to move towa#tsB in 2018 (governmental
buildings) and 2020(all other buildings) The EPC requirement for the residential sector is
scheduled to decrease to 0.4 in 2015. For theresidential sector, this requirement is
scheduled to be lessened by 50% by 2017 compared EPtheequirements of 20078]

Table 3: Current and future EPC requirements for Dutch buildings. [3][8][9]

EPC-demands

Current Future poligy

policy 2015 | 2017%@ 2020
Residential buildings 0.6 0.4
Offices 1.1 0.8@ & “all buildings
Health, clinical 2.6 1.8W finearly Zero E
Health, non-clinical 1.0 0.9@
Educational 1.3 0.7® Governmental buildings
Retail 26 1.7® have to be nZEB in 2018
Sports 1.8 0.9W

(1) According to the National Plan to promoteanly Zero EnergyBuildings in the Netherlands
(2) 50% decreas primary energy consumption compared to 2007 for governmental buildings
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In addition to the EPC requirements, minimum requirements ficdtibbg components are in
placeandare shown irTable4. These requirements apply to new buildings as well as major
renovations of existing buildings. Every couple of years, building component eeugrits

are evaluated in terms of cost effectiveness, among other aspects, and (if possible) the
requirements are tightenetihe Dutch policy for new buildings already incorporates most of

the requirements resulting from the EPBD recast towards nZEB in. Zafuirements for
existing buildings are still under discussion and will become mandatory in the course of 2014.

[8]

Table 4: R, and U-values requirements for residential, norresidential, and government buildings[8]

R, [M°K/W] U-value [W/nfK]
for all building envelop parts for windows including framework
At present 3.5 1.65
2015 5.0 -

*scheduled to take place in 2015

According to the CA EPBD repof8] communication is the keyword in future projects
relating to the implementation of the EPBD in the near future with the aim of actually
stimulating building owners to take energy savingasures following the certification of a
building, or the inspections of an installation. Main concerns in the residential sector will be
to ensure that homawners expenditures remain affordable. In the-residential sector and

in the social housing stor, the EPC is considered a useful benchmarking tool where one can
distinguish oneself from competitors with an energy efficient building stock.

In the Netherlandenergy labelgenergy performance certificatef®y newly built residential
buildings were introduced in 2008 leeady The label is designed to indicate energy
performance of a building showing thevRlues of building envelope components and U
value of glass[11] Governmental buildings already have dbow energy labed in public
buildings which have to be clearly visible for the public.

For residential buildingshe label will be adapted in the course cuweoun

of 2013 according to new legisilan with additionallabels [ waoun
A+++ and A++++.Figure 4 and Figure 5 show the proposed ;. ueouw

energy label classes and corresponding EPC values rjigf, ... _
residential budings.[12]

Table 5: Energy labelsand corresponding EPC for residential buildings{12]

Label Energy Performance Coefficient

At++++ EPC ) 0.20

A++ 0.40 < EPC (

A+++ 0.20 < EPC (

A+ 0.60 < EPC (

A 0. 80 < EPC ( Figure 4: Energy label classeq12]

Currently the EMG (Energieprestatienorm voor Maatregelen op Gebiedsniveau, translated as
Energy Performancileasures at Area Level) is applied for cotieely generating heat, cold
or electricity. The area in which the EMG may be applied i€nilesd in the EMG. For heat,
cold and hot tap water there has to be a physical connection between the building and the
generator. For electricity generation a maximal distance of 10km may be present between a
collective electricity generation plant and a parcel. In addition there should also be a coherent
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development of the area and energy infrastructures. The EMG iseddsipte July 2012,
which means that not much experience has been obtgendd]

In the National Plan to promote nZEBs of September 2012nieistionedthat there is still
insufficient knowledgeaboutinnovative techniques and concefiiat are suitéle to realize

an EPC close to zeria 2018/2020. Main concerns are weather the techniques are ready for
the market and if they comply with boundagnditions for a healthy indoor climate and cost
effectiveness. An important feature for determining demands of the EPC is that building
parties can determine their selves which measures have to lettakemply with the
regulations|3]

Seen many parties are involved with the new legislation, in ZBQN (Energy research
Centre of the Netherlands) performed a sur{&3] on tighenng EPC demands Major
building parties were interviewed about the tightening of the EPC from 1.0 to 0.8 in 2006, and
also future plas to redue the EPC further towards 0.6 in 2011 and 0.4 in 200ke
interviewed building parties consisted of:

1 Project developers; selected on advice of industry association NEPROM.

1 Building corporations; selected on basis of building production.

1 A selection of adors from smaller and larger bureaus.

1 Building firms; selected of a members list of Bouwend Nederland; mainly large firms
who work in theprojectbasechousing development.

Municipal supervisors; selected on basis of construction output and nationalgeovera
Installers; selectedrom the membership lisbf the groupProjectbasedSanitary
InstallationsUNETO/ VNI.

= =4

Many building parties are aiming for new energy efficient buildings and evaluate the
tightening EP@lemands as positive; however they are aaittowards further reducing the

EPC towards 0.6 and 0.4 because doubts about the energy saving effects (freni. BRE

0.8). Preconditions advised by the parties are that new regulations may not compromise the
health and thermal comfort of building useMarket players foresee risks when tightening

the EPC leads to, increased number of/and complex installations which have higher
maintenance costs, arappliance of new immature (innovat)veechniques.They are also

critical about the costffectivenes®f increasing Rvalues and decreasing\dlues because

of reducedinancial outcome. Building developers say that it is difficult to take into account
costs of the energy reducing measures in the renting or sales prices of lBuitsksg
companies alsova r n for t he 6rebound effecto resul
implementation of energy efficient measufds]

2.1.2 Europe

The status on nZEBsa Europe is discussed tletermine the progress in of implementation of
the EPBD directive and theZEB definition. Different information sources have been
consulted t@et a broad perspective to méye current situatian

Figure 5 shows the number of energy performaneetificates issued in various European
countries dring the period 2009 till 201f24]. From this figure can be concluded that there is
quite differenceto which extentimplementation of energy certificatés conducted With
almost 2.5 million certificateshé Netherlands isne of the leading countriés Europe

10
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Figure 5: Number of Energy Performance Certificates issued during 2002012.[14]

The SustainCqroject is a consortium of European energy agencies from Austria, Ireland,
UK, Romania and Croatiayhich aims to support ambitious European vision for the energy
performance ofts buildings. In September 2012 SustainCo prepared a rggrivith an
overview of EU and national legislatioof(SustainCoproject partners)egarding energy
performance in building sector and funding sourcedabla for implementation ohZEB or

similar building standards.

From this report could be concluded that only Spain had not yet started the process of
transformation of the nationaldeslaive framework for adoption ofZEB standard. The best
progress in adoption of nZEB standard has been made in Austria, with adoption of OIB
guideline; legislation alreadyadopted in the respective building laws, making it legally
binding. Most countas, (Croatia, Ireland, Romania and UK) have implemented 20/20/20
target in their National action plans according to the EPBD Directive 2006/32/EC and have
started working on implementing EPBD Directive 2010/32/EC requirements. In Norway an
action plan forenergy efficiencys planned to be introduced by thevgrnment, with the aim

of reducing overall energy use in the building sector considerably by 2020. Energy use
requirements in the building regulations will be tightened to passive house standard in 2015
and to close to zerenergy standard by 2020.5]

Most of the countries participating in the SustainCo project have financial schemes already in
place in which finance renewable energy and efficiemogrgy projects for the public and
private sector are supported. Austria has developed support schemes for residential and non
residential buildings funding. Most of the countries have -aethriffs in place giving
subsidies through national institutenfunds for implementingenewable energy source
measures in private households. All countries participating in SustainCo project have
financial framework ready to adopt new funding sources, like Structural and Cohesien fund
regarding support to4EB prgects in national or regional lev¢l5]

Enforcing energyrelated requirements are important to achieve the goals set out in the EPBD
directive.In the paper by M. Economidda] (March 2012 performance base requirements

for new buildings and requirements on heating, ventilation andoadlitioning systems are
discused for all BJ countries.

11
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Economidou created #@able with detailed energy performance requirements for new
buildings. This tableshowsmany different approachgthere arenat two countriesvho have
adopted the same approach. A variety of calculation methods are used and major differences
exist in definitions (e.g. definitions of primary and final energy, heated floor area, carbon
conversion factors, regulated energy and total energy requireijignt)

The setting of building code requirements in most cases based on an absolute value (20
countries),generally expressed in kWh/méa on a perentage improvement requirement
based on a reference building of the same type, size, shape and orielmaktieNetherlands

the EPCis used,as discussed in previous secti@@ome countries (Belgium) express the
performance requirement as havingtotmeea def i ned AE valueo0o on a
A+ to G scale (Italy and Cyprus). It should be noted that in many countries the requirements
extend only to certain building types, usually just covering the residential sector, no
governmental building$1]

Economidou alerts that, as the energy performangairements (in line with EPBD recast)
become stricterthe gap between the theoretical parfance during design phase and the
actual energy performanceirse may increase substantially. She states that EthelS are

to deliver the climate and environmental targets related to buildings in the coming years, it is
critical that they focus anidvest more on control and enforcement proced(i¢s.

Thereportof the Concerted Action Energy Performance of BuildiDg®ctive (CA EPBD)
featuesCountry Reportsrom 2012[8] onthe nZEB status ofEU MS. National applications

of the nZEB definition hve been gathered and compared. From a total of 19 countries that
provided detailed information in March 2013 theuation is the followind8]:

1 6 countries have their nZEB application fixed in a legal document

1 6 countries have the applicaticgady but not yeegally fixed,;

1 7 countries are at various stages of developing the application of the NZEB definition,
with national studies already performed and currently being evaluated, or with studies
still being underway.

The analysis of nationadZEB applicationsalso focused on the integration of renewable
energysystems 18 MS answered questions about renewable energy generation systems that
will be included in their studiesf (innovative)techniques for nZEBs:

Solar therma(solar collector)18 MS.

Photovoltat (PV cells) 17 MS.

Passive solar, ddighting, biomass: 16 MS.

Heat recovery, passive cooling and geothermal: 15 MS.

Biogas: 14 MS.

Micro wind generator, micro Combined Heat Power (CHP), ambient air (io-air
heat pumps) ankiio fuet 13 MS.

Wasteheat (from industries, computer server rooms) and solar cooling: 9 MS.
Waste heat from hot water (bath/shower, washing machines): 6 MS.

E

= =4

For some otheseenergysaving techniquest remairs difficult to express renewable energy
contributions in theenergy performanceedificate; for example dayighting systemsand
heat recovery.

12
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A difficult issueexistbetween the nZEB definition and the cogtimal energ performance
requirementsSeveral major parameters cannot be easily predicted for thaggears, such

as future performance of new and further developed technologies, future primary energy
factors (electricity, or district heating), due to changes in infrastructure, cost developments of
technologies, energy carrierlgbour and planning, asvell as boundaries like changing
climate and lifestyle[8]

AIDA (Affirmative Integrated energy Design Action) is a consortium of institutes,
universities and researdentresrom 8 EU countriesvhoseaimsareto increase the number

of nZEBs the number of building professionals traineddmtegrated energy desigand the
number of municipalities starting to build/refurbish buildings to nZEBI$\Ve one of their
reportsthey cescribe how to integrate the energy performance requirements in the public
design tenders, withroposedninimum energy performance indexes for nZH]:

1 The highest class (usually standard Class A) of the National or Local Energy
Performance Classification of the building;

1 The 5070% of the primary energy consumption has to be covereddrgyeproduced
from renewable energy sources;

1 Total primary energy consumption limit; 8D kWh/nfyear;

T CO, emission limit: 38 kg CO,/mPyear.

These performance indexes give a view on how the definition for the Dutch situation might
look like.

2.1.3 Renovatio n of existing buildings

This paragraph describghe current goals of the EU concerning renovation of existing
buildings. Furthermore two examples of renovation roadmaps will be discussed.

The Renovatin Roadmap for Buildings repadmmissioned byhe Pdicy Partnersncludes
practical guidance on how building renovation roadmaps can be developed effectively and
which elements they should include in order for them to deliver their full potdaiél.

The report sets an indicative time line of targets for a roadmapational strategy as an
example of how targets can be constructed. Targets should cover all relevant aspects of
building renovation strategies and reflect how actions, in one year, can build on those in
previous years. They also reflect the dAioear chaacter of transitions, which aim to first
make deep renovations a common, vestlablished, efficient practice before laspale
implementation takes pladé.7]

Important targets for of the indicative time line have been adopted and are shiainhei.

Table 6: Overview of possible targets examples for renovation roadmapfl7

Targetyear Target

2020 1 5% of all buildings pr&015 renovatedtodeepe novati on st
energyo or high energy perfor mang
2030 1 30% of all buildingspr 015 renovated to deep

zero energyo or high energy perf(

2040 1 65% of all buildings pr&015 renovatedtodeepe nov at i on st
zeroener gyo or high energy perfor mg

2050 Energy demand of the building stock reduced by 80% compared to 1990

Al | buil dings meet finear zer o eneé¢

= =4
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In order to reach the goals set outTiable 6, the BPIE (Buildings Performance Institute
Europe) has prepared a guide in which it sets out long séraegies for building stock
renovation. This was carried out to assist MS in the process of developing their renovation
strategies and in particular the first versiortsalu are to be published by 3@pril 2014.

The ambition to achieve greenhouse gasseion reductions of 90% from the building sector
compared to 1990 can be reached with the interim milestone targets in 2020, 2030 and 2040.
The timeframe of 2050 is consistent with typical replacement cycles of major building
equipment and components, s suggest that it will take 3400 years to substantially
renovate national building stocks. This corresponds to a renovation rate of arot8¥d 2.5
annually. This is a significant increase from the current rates of around 1% annually in most
European counes. Most renovation activity at the moment achieves only modest energy
savings, perhaps 280%, but this needs to increase to deep renovations of at least 60% if the
full economic potential is to be realis¢ii3]

Different renovation pathways on the resulting energy and carbon savings have been
model |l ed in BPIE publication @aEursbhqweddmat bui |
scenarios wareboth the rate and depth of renovation was increased considerably, alongside
rapid decarbonisation of the energy supply system, could lead to the EU carbon saving
ambitions for the building sectdi.8]

Figure 6 and Figure 7 indicate the scale of challenge in terms of accelerated activity rates
which are needed if the EU is to meet their kbagn CQ ambitions. The depth of typical

buil ding renovation needs to shift from the
ei t her A 6006% saling)wrdancreasirigly nZEBr the period 220-2050.

100%

90%

80% -

70%

60% |

50%

0% |

30%

20%

10% | l\-

0 - — = - - -
2010 2015 2020 2025 2030 2035 2040 2045 2050

% renovation by depth

. nZEB .deep moderate . minor
Figure 6: Required increase in renovation depth to achieve 90% C{saving.[18]

At the same time, the renovatioates need to increase from the current rate of around 1% of
total floor area renovated annually, to between 2.5% and 3% annually from 2020 onwards.
3,0%

e
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! // == Medium
1,5%

e Fast

1,0% | <> < <> < ¥ <> O <O 4 Baseline

0,5%
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(% totalfloor area p.a.)

0,0%

2010 2015 2020 2025 2030 2035 2040 2045 2050
Figure 7: Required increase in renovation rate to achieve 90% Cgsaving.[18]
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The renovation depth and rateeeded for a successful transition towards the €fVing

target have beeranalysed n i Renovat iuwrno pTer awcpgk st o 020500 con
Eurima(European Insulation Manufacturers Associati§h9]

This study analyses and compares the possible tfackbe renovation of the EU building

stock, quantifying and illustrating graphically energy savings and avoidede@@sions,

financial impacts and employment effects. The following was concluded:

T A Ashall ow renovation t r airorkmentamtardets (COo mp | et
emission and final energy savings) while not providing substantial economic
advantage;

T A Adeep renovation tracko, combining a f:q

renewable can be considered as a financially viable routetimgeCQ-targets while
showing the lowest energy consumption and offering the largest job creation potential
of the assessed tracks.

Three renovation scenarios for the period to 2@%®wn inTable 7, were developed and
assessed wusing the Ecofysd Built Environmer
characterized by two important parameters: renovation rate (the speed of renovatithie) and
ambition level regarding energy efficiency improvement and use of renewable energy. The
scenarios are set out over a period until 2050; this reveals long term consequences of choices

to be made now and in the next years.

Table 7: Renovation tracks for the period to 2050[19]

Name | Scenario ' Description

Track 1 | Shallow renovation | Fast renovation (renovation rate 3%) & average energy effici
low contribution ambition level (~ 32 % reduction in energy use for space helayir
from renewable 2050 compared to 2010), taking into account market fail(ees
energy failure to treat the building envelope as a whole), lose wf

renewable energy.

Track 2 | Shallow renovation | Renovation rate 2.3% & average energy efficiency ambition I
high use of taking into account market failures (~ 58 % reduction in enesgy
renewable energy | for space heating); limited focus oenergy efficiency of thg
building envelope; advanced systems (high use of renewablgy
and heat recovery ventilation).

Track 3 | Deep renovation Renovation rate 2.3%, high level of energy efficiemprovement
high use of (~80% redudbn in energy use for space heatifgyh focus on
renewable energy | energy efficiency of the building envelopejvanced systems (hig
use of renewable energy and hesstovery ventilation).

Figure8 shows the final energy for space heating for E{22] without new buildingsIt can

be seen that th&0% final energy savings target is a reachable goal. The savings target seems
suitable, if it relates to energy used for space heating. The deep renovation track delivers
about 75% savings for space heating and domestic hotagge. It has to be noted that other
energy uses, such as energy for cooling, auxiliary energy and lighting, all primarily supplied
via electricity, are no considered in this graph.
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Figure 8: Final energy for space heating in TWh/a for EU27 without new buildings[19]

2.2 Examples of existing nZEBsin the Netherlands

This sub chapteprovidesexamples of nZEBs in the Netherlanfdr different buildings types.
Focus is orcurrentbuildings thatsatisfyfuture regulation (2015/2017) and actual nZEBs.

Table 8 and Table 9 show example of nZEBs in the Netherlands and shortly describe the
energy saving measures. These buildings Heeenselected because they apply innovative
energy technologies that are interesting for the nZEB scenarios in this fpeytare also
selected based on theinergy performance (EPC scor@he following buildings are shown:

1 8 residential buildingsT@able):
o Terraced andetachedouses with an EPO0.4 (2015 regulation)
o Apartments with an EP0O0.6
1 8 utility buildings [Table9):
0 4 office buildings with an EP00.7
0 4 school buildingwith an EPGD0.4

More information on nZEB buildings in the Netherlands can be found

1 Agency NL website: dabase with energy efficient buildings in the Netherlaflg

9 Article: W. Zeiler- Dutch efforts for a Sustainable Built Environment (TU[22]

9 Agency NL brochures and reports on nZEB for residential buildings, office buildings
and schoolg23][24][25][26]

More detailednformaion onaresidential buildinganapartment block, and a utility building
can be found inAppendix Il. The selection of these buildings is based on the reference
buildings ac listed in the EPBD (chaptet.2). One of the UKP NESK school projsct
partially designed by RHDHMs also discussed isppendix Il
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Table 8: Overview of residential buildings in the Netherlands[23][27][28][29][30][31][32][33][34][35][36]
Overview Dutch residential nZEBs

Project Type Year EPC Energy saving measures
W&R Groenwoning, Semi 2011| 0.327 0.35 | Isolation and triple glass combined with a large solar collector L®ailer system
6s Gr ave| detached (600 litres) which covers energy needs for 80%. Combined ventilation: natural air ¢
with automatically controlled vents, mechanical air outlets. Night coalisgmmer.
Passive house Terraced | 2009 0.4 Renovation of 14 historic city dwellings. Very good insulatiop£R0 nfK/W), triple
renovation glass and maximal air tightness reduce energy loads.dffigiency boiler in
Sleephellingstraat, combination with solar boiler system. Balanced ventilation with heat recovery.
Rotterdam
Passive houses Terraced | 2010 0.35 80 passive houses with a combined solar collector system providing hot tap water
Velve-Lindenhof, Conventional high efficiency boiler for heating, combined with balanced ventilation
Enschede heat recovery. Very good insulation.(R8-10 nfK/W) and triple glass reduce energy
demand to a minimum. PV panels have also been applied.
All -electric proeftuin | Terraced | 2012 0.25 28 dwellings are provided with adllectric energy facilities (installations, appliances).
Hunzedal, Borger The houses have very good ventilation, a GSHP, low temperature heating, balanc
ventilation with heat recoverg, shower heat exchanger, and a large PV panel
installation (28 ).
CO,- neutral street, | Terraced | 2011 0.01 Good insulation (R= 5.0-8.5 nfK/W) and triple glass. Individual GSHP with direct
Grijpskerke evaporation and floor heating. Indirect gas fired boiler with a solar collector {2.5 m
(Appendix 1) Balanced ventilation with heat recovery (95). Large PV panel surfac7(a6).
Energieevenwicht | Detached | 2002 0.00 22 energy neutral dwellings realized by a large roof surface oriented south, allowir
woningen Rijsdijk, maximum benefits for the solar collector (combined with GSHP) and a large PV sy
EttenLeur (50 nf). Heating and cooling is provided by an individual GSHP. Good insulation,
tightness and balanced ventilation with heat recovery (95%) reduce energy demar
Kotmanpark, Apartment| 2011 0.48 Passive design concept has been applied: apartment building is oriented south, g¢
Enschede isolation(R.= 7-10 nfK/W), high air tightness and prevention of heat bridges. A
(Appendix 1) combined solar collector and GSHP system proved heating, cooling, and hot tap v
Monitoring systems provides feedback about energy consumption for residents.
Geert Grote Straat, | Apartment| 2012 0.6 A light weight steel construction is used to ensure low thermal mass. Collective G§

Zwolle

provides heating and cooling, with a high efficiency heater for winter. Very good
insulation(R. = 7-10 nTK/W), triple glass, good air tightngsand balanced ventilation
with heat recovery reduce heat demand.
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Table 9: Overview of UKP NESK projects (offices and schoolgin the Netherlands.[24][25][26][37][38][39

Overview Dutch UKP NESK projects offices and schools

Project Type Year EPC Special features
TNT Centre Office 2010 0.67 All -electric buiding where heating and cooling is generated witlicaheat power
Hoofddorp (17,000 M) combinationtogether with deat pumgonnected to aquifestorage. The building is
compactly built, utilizing solar light to a maximum (external heat gaidgancedlay
lighting systems). Hot tap water is provided by a solar collector system.
Villa Flora, Office 2011 0.38 Technology frongreenhouseis applied using a heat pump with 4 different sources:
Venlo (12,000 M) aquifer storage, heat extraction from air in the atrium, heat recovery from ventilation
and cold from a O6smart skind f a-digester,.
runningon bi o wast e. Us éPVoehisurés@ NbddsEPE score. 1 0 @
Provinciehuis Office 2012 0.5 Office renovation resulting in EPC drop from 1.7 to 0.5. Energy demand reduced wi
Noord-Holland, | (19,000 nf) good insulation (R= 6.0 nfK/W), triple glass low energysmart light systerrand
Haarlem balanced ventilation with heat recoveHeat and cold storage also applied.
Zeswegen, Heerle  Office 2012 0.56 Local mines are used for heat and cold storage applying a GSHP. Energy demand
(17,500 m) minimized by good insulatiofR, = 4-5 nfK/W), triple glass;overhang solar shade,
mechanical ventilation with heat recovery and a PV panel surface of £500 m
Hart vanQOijen, School 2012 0.4 An energy reutralschoolrealizedby applying a bioga€HP. Biogas is provided from a
Oijen (2,400 M) nearby manure digester. Heating and cooling is combined with collective heat pumg
heat and cold storage. The building €sidn on basis of passive solar engrggiciple
with a 150 APV panel surface.
FocusHuygens School 2012 0.0 Energy neutral based on applying Passive hoogseeptVery good insulation (R= 10
College (4,300 M) m?K/W) and triple glazing reduce energy demand. Heat and cold storage is applied
Heerhugowaard combination with ventilation with heat recovebharge scale application of PV panels.
MFC Brede School|  School 2012 0.0 A compact building designdadr optimal solar gains: day lighting design (light domes,
Westegeest (1,800 ) light shelves) minimizing need for lighting, large PV panel surface (12p@md solar
collector (tap water). The building has a wooden structure with concrete elements th
hollow. Heatingand cooling provided by a closed GSHP system.
DSK-II, School 2012 0.0 Energy neutrainnovative technologie$ieat of ecentralcomputer server rooms usedor
Haarlem (2,700 M) heating and hot watgthe dishwasher uses heat recovery making it more efficient. He
(Appendix 1) and cold storage in combinatiararge PV panel surface (826)ransure good building

energy performance.
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2.3 Comparison between current buildings and nZEBs

This subchaptercompaes building properties ofcurrent buildings, future buildings and
nZEBs in the Netherlands The focus will be on building construction and building
installations forthreebuilding types, based on the reference buildings lssted in the EPBD
(chapterl.?2):

1 single family house;
1 apartment block
1 office building.

The nZEBs will be compared with a buildiregaccording to current regulatiaf2013) and

future requlationg L e nt e Ak2R16/2047) @ shown fable3.

For the single family house and the apartment block similar referencengaifitom Agency

NL) have been used-or office buildings dferent types(size, geometry, etc.yill be
compared The geometry, layout and dimensions for the single family house and apartment
block can be found iAppendix lIl.

All three building typeswill be campared to eacbtherin a table;important differences will

be discussedlhe main faus will be on construction aspe¢BR: and U values) and building
installations for heating, cooling, hot teyater and ventilation.
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2.3.1 Single family house

The reference building is a taged house which is situated betweenother dwelling (no
corner house). Terraced housepresenapproximately 50% of all newly built buildings
the Netherlands. Almost three quarters of terraced houses is -l@twiaerdwelling
(6tussenwoningé6), which is 36.5% ofowhehe
occupied building and20% are within the renting sector A typical in-betweerdwelling
consists of three bedrooms and is mostly fitted with a saddle[40¢f.

The geometry and dimensions of all dwellirfgarrent, futureand nZEB areequal the total
user surface of the building is 125(Appendix I1).

Net |

The three reference buildings atempared inTable 10. The buildings have comparabl
construction types; however the nZEB has considerable highealtees (5.0 TK/W for
walls/floors and 6.0 MK/W for the roof) andiower U-value compared to the current and
future building.

The current and future building have a combihedting and hot tap water system powered
by asolar collector with preand after heater, but with different generation efficiencies, to
comply with an EPC of 0.6 and 0.Bor the nZEB a high efficiency boiler is used for low
temperature (floor) heating drihe hot tap water is provided by a solar collector system. All
threebuildings have floor heating and no cooling is applied in all buildings.

The nZEB has additional electricity generation provided by mono crystalline solar cells with
an area of25m?. All three haises have the same balanced ventilation system in which the
dwelling is ventilated via a central unit. Air is supplied in the living room and the bedroom

and discharge in the kitchen, toilet and the bathroom. The ventilation system has a complete
bypass (for summer situation) and a heat recovery efficiency of 95%.

Tablel0: Compar i-ketweendowfe 16liinngs dé terraced HYM4RH48]s in the
Current building Future building nZEB

EPCdemandyear) 0.6(2013) 0.4(2015) a 0(2020)
Construction
R, value [nTK/W] for:

- Walls 3.5 3.5 5.0

- Roof 4.0 4.0 6.0

- Floor 3.5 3.5 5.0
U-value [W/niK] for:

- Windows and frame 1.65 1.65 1.00
Installations
Heating Solar collector systen] Solar collector systen] High efficiencygas

(2.3 nf) with pre and
after heater

(2.3 nf) with pre and
after heater

boiler (107HR) with
central heating

Heating generation
efficiency

1.340

2.430

0.975

Cooling

No cooling system

No cooling system

No cooling system

Hot tap water

Combined with heating

Combined with heating

Solar collector systen

system system (5.5 nf) with pre and
after heater
Hot tap water generation 0.700 2.425 0.825
efficiency
Ventilation Mechanical Mechanical Mechanical

(supply and discharge|

Electricity generation

(supply and discharge

(supply and discharge

PV system (25.5 M

EPC

0.59

0.4

0.01
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2.3.2 Apartment block

Apartment blocks represent about 33% of the newly built building in the Netherlands. Two
thirds of the apartment blocks are owwecupied buildings and the rest is covered by the

renting sectorf40]

An apartment usually has two bedrooms andheerage user surfacé 92 nf. Within this
averagesurfacesimple gallery complexefenting sectorhave been accounted as well as
more luxurious apartmenfgenerally buying sector).

The reference building for all cases is an apartment complex withridssémd 6 apartments
per floor (Appendix lll). The three reference buildings are comparedable 11. The R-
values for allapartments are the same as for the terraced houses, buivitieeUs already

lower for current and future building (1.0 WA9).

For the current and future apartment block a shared solar collector system wahdedter
heater is used for heating ahdt tap water. In addition a shower heat exchanger is used to
reduce hot water demand for showering; this feature is imseall three cases. TheZEB

uses a high performance boiler for heating and a shared solar collector system for hot tap
water. All three buildings have floor heating and no cooling is applied.

The nZEB apartment block has additional electricity generation provided by mono crystalline
solar cells with a total area of 444.
The ventilation system is same for all apartments and idétditiaat of the terraced houses.

Table 11: Comparison of apartment blocks buildings in the Netherlands[44][45][46]

Current building Future building nZEB

Minimum EPC demand 0.6(2013) 0.4(2015) a0(2020)
Construction
R, value [nfK/W] for:

- Walls 3.5 3.5 5.0

- Roof 4.0 4.0 6.0

- Floor 3.5 3.5 5.0
U-value [W/nfK] for:

- Windows and frame 1.00 1.00 1.00
Installations
Heating Shared solar collectol Shared slar collector | High efficiency gas

system (62.1 f) with
pre- and after heater

system (62.1 A) with
pre- and after heater

boiler (107HR) with
central heating

Heating generation
efficiency

1.340

2.430

0.975

Cooling

No cooling system

No cooling system

No cooling system

Hot tap water

Combined with heating
systemwith shower
heat exchanger

Combined with heating
systemwith shower
heat exchanger

Shared slar collector

system {48.5m?) with
pre- and after heater

with shower heat exch

Hot tap water generation 0.700 2.425 0.700

efficiency

Ventilation Mechanical Mechanical Mechanical
(supply and discharge (supply and discharge (supply and discharge

Electricity generation - - PV system444n)

EPC 0.54 0.4 0.16
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2.3.3 Office building

Three different office buildings (size, geometry etc) will be compared.All buildings
(current, future and nZEB) will be discussed separateticompared ifable12.

Current building

For newly built office buildings currefPCdemandof 1.1 exists. Using the guidance from
Agency NL reference specificatiorfer buildings that have to comply with cunteregulaton

have been usedhe reference building has a user surface of approximately 15.9@®dn
windows to wall ratio of 2« 35% windows)[47]

Heating is provided by a high efficiency boiler. Limited cooling is provided by a balanced
ventilation system including a heat regeneration system efftbiency 70%. An electric
boiler is used for hot tap water.

The building is well insulated using. values of 3.5 #K/W for walls and floor and 4.0
m?K/W for the roof. For the windows HR++ glass is used.

A smart lighting system, including daylight sensors and presence sensor, further reduce
energy consumption

Future building

The Enecdeadquarteoffice building Picturel) is an energy efficient building in Rotterdam
(next tothe RHDHYV office), designed by Architecten Dam en Partners, buithwaroject
developer OVG and technical specialist Reynaers and Oskofrtexabffice has a total floor
space of 25,00’ to accommodate 1400 working peof48]

An energy efficient building has been created by using an underground heat and cold storage
system and application of large solar PV integratidre GSHPis assisted by district heating

in the winter, when necessa@n the south side of ¢hbuilding a facade surface of 506 m

has been covered with PV cells. Furthermore advancettatkers(solar paned that follow

the sud s d i rare hdrizootal panelare instded on the roof of the building. This adds

up to a total of more thatl00 nf of solar cell surfacg49]

The energy efficient measures have created an office building with an EPC of 0.72. Other
aspects that make thimilding more sustainable are roof gardens, a vegetation facade on the
bottom 3 floors and charging poles for six electric cars.

The facade/floor and roof are well insulated witevalues of 4.0 AK/W and 5.0 mK/W,
respectively. Glass with aluminium frees witha totd U-value of 1.1 W/rfK is used[50]

LI

g
;::;.n"""lm.

it |
:HI!HI!!!H.'?
TR LR A
it Egriey

Picture 1: Eneco headquarter in Rotterdam.[51]
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nZEB

The regionaEnexisoffice in Venb built in 2012is one of three new officealsoMaastrcht
and Zwolle) with an excellenbuilding performanceAtelier PRO is responsible for the
design, while Deerns has developed the technical installalibleffice hasbeendesigned
as aZeroEnergyBuilding with an EPC of 0, made possible by 21G00fPV-cells.[52][53]
The building is very well insulated using prefab facade elements wittalRes between 6.0
ard 8.0. Different types of windows (Uvalue between 1.7 and 0.9) have been applied to
optimally us solar radianewere needednd educe unwanted external gaift4]

Heating and cooling is provided by a ground source heat pump an additional high efficiency

boiler during cold days. Floor heating is used aas# system and by applying thermal wheel
within the \entilationsysem, heat

is regenerated to the buildin%r “m T .
Il

Furthermore a bypass ensures
overheating occurs during the
summer.
Other aspects that make thi
building very energy efficient are g
climate ceilings energy efficient SEEE= | 4 m
lighting, day light control and — B S |\
presence detection. Picture 2: Enexis office in Venlo. [55]

Table 12: Comparison of office buildings in the Netherlands[47][48][50][52][53][54]

Current building Future buildi ng nZEB
Agency NL Eneco office Enexis office
reference building (Rotterdam) (Venlo)
EPC demandyear) 1.1(2013) 0.7(2017) a 0(2020)
Year of construction - 2011 2012
User area [r"r] for 015,000 25,000 5,430
Construction
R, value [nfK/W] for:
- Walls 3.5 4.0 6.07 8.0
- Roof 4.0 5.0 6.0
- Floor 3.5 4.0 6.0
U-value [W/niK] for:
- Windows and frame 12 1.6 1.707 0.90
(HR++glasy (double and triple gla¥{
Installations
Heating High efficiency gas Electric heat pump Electric heat pump
boiler (107HR) (hot wells) (hot wells) with high
with district heating efficiency boiler
(HR107)
Cooling Compression cooling| Electric heat pump Electric heat pump
(cold wells) (cold wells)
Hot tap water Electric boiler Electricboiler Solar collector systen
(10 nf) with electric
(closein) boiler
Ventilation Mechanical Mechanical Mechanical
(supply and discharge (supply and discharge (supply and discharge
with heat recovery with heat recovery with heat recovery
(O70%) (sorption wheel)
Electricity generation - PV system (1140 i | PV system2100n)
EPC 0.6 0.72 0.0
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3 nZEBpotential in the Netherlands

The potential fonZEBsin the Netherlanddepends to a large extent on the infrastructure and
the available building energy technologieghe Dutch energy infrastructur@h. 3.1) is
discuissed to understand current and future statushef gas and electricity network.
Furthermorean overview onsmart gridsn the Netherlands is showmhich gives insight for
nZEBsdistrictsand infrastructureAt the end(Ch. 3.2) building energy saving measurage
listed in an overview: an indication is given for which area these measures are interesting

3.1 Energy infrastructure

An important aspedbr nZEBs is the energy infrastructure in the Netherlakdgrgy neutral
buildings havedifferent load patterns on the gas and electricity netwakpared to
conventional buildingsdepending ortechnical installations used. This sciapterdescribes
the currentand futurestatus of the energy infrastructure and gives exangblesart grids

First a short sketch igiven on the changing energy infrastructuretlie built environment
Figure 9 shows the vision on energy infrastructure from a RHDHV study on nZEBs in the
built environment.In current situation single buildings are connected to energy generating
infrastructure (red circle) and Long TeiEnergy Storage (LTES) systems (blue circle).

Future energy infrastructure will be connected on a local level, with an integrated smart grid
(energy exchange between buildingghe energy infrastructure hde be able adapt to
changing conditions such;ashanging building functions during the lifetime of the building,
future extension of buildings, etc. These effects have tinterporated into the energy
infrastructure of the future to ensure a stable network.

Current situation Future situation
District District Building

building L
‘ Different function
"o-~.~ B I

New/Planned Building

LTES
Long

Tem 2 A 0824202 FUUre EXiensi =
Energy ’ Energy
Storage Exchange

Figure 9: Current and future energy infrastructure in the built environment. [56]

3.1.1 Gas infrastructure

The Netherlands has a good gas network infrastructure awdriently the largest gas
producer in theEU and is expected to be gas exporter until 2025The gas field in the
province Groningen provideenergy to the Netherlands (buildings and indus}reend other
European countriesThe Dutch government wants to keep playing an important role after
2025 by becoming a gas importer. Much knowledge and migeeis available in the
Netherlands due to long experience with gas. The Dutch government has plans te itn@ro
gas network and storagebecome NortWe st Eur o ped s ddrpads 6 .
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The Dutch gasetworkhas good potential to ntributeto more sustainablgastransportby
providing @reen ga8from biomassGreen gas is alean andsustainable variant of natural
gas and is madeom upgraded biogas. Biogas is produced from sludge, waste from landfills,
yard waste, fruit and vegetable waste, and animal waste products such as cow fmaswure.
biogas is not the same as green gas, as it has a lower qualitgtaliobiogaswith the same
leved of quality as green gasit has to be purified (CO, removal and other contamination)
dried and upgradedorisation, pressudgto the same qualitysreengas can be mixed with
natural gas and distributéa the Dutch national gas netwofk8]

Green gas projects

The Dutch government has started G@enGas Projects(GGP) spread over the country to

gain knowledgeand determine the &sibility of large scale application in the Netherlands.
The past 20 years about 30 million Rigreen gas has been produced and supplied to the
national gas network. Most of these projects Gsenbined Heat Power (CHP) systems to
generate heat and elecityclocally. It is projected that in 2020 about 1 million homes can be
proved with sustainable g459]

GGP have been increasingly more interestimgr the last few years because of the so called
SDEarrangement (Stichting Duurzame Energieproductie, translated as Foundation of
Sustainable Energy Production). The SDE arrangement supports theses firogectally;
subsidies are handed for all sartdiogas production installation®0]

The feasibility of GGP is for each specific projestrongly depends on theconomic
considerationgnd the local situation. Especially the distance from the green gas production
site to thegas infrastructur@and the production capacity play a key role. Connection to the
national gas network (40 bar) is much more expansive than the regional network (8 bar).
Because of the high network connection costs initiative are deployed for the deval@bme
green gatubs. These hubs are a central point where biogas is converted to green gas and
supplied to theationalgas network[59]

To detemine the long term feasibility obiogas andgreen gas, two sources have been
consulted.

Authors ofa Rabobank brochuren the role of biogasn Europe and the Netherlanddate

that biogas application is to a large extent dependent on local condlboakheat (and
electricity) demand, network infrastructure (transportation) and subsidies. The applications of
biogas have been displayed Trable 13 comparing the energy efficiency, reduction of
greenhouse gasses and econaraicomes before subsidies. It can be concludes that the most
promising energy product isolely heat, because of its high efficiency and best economic
returns[61]

Table 13: Evaluation of biogas energy producs. [61]
Evaluation of biogas Energy Reduction of greenhouse  Economicbenefits

versus type of end product| efficiency gasses excluding subsidies
Electricity production Low ~ 40% Average- dependent on Unattractive
biomass material

Combined electricity and | High ~ 6680% | Average to high dependent| Unattractive to
heat production (CHP) on biomass material average

Heat production High ~ 100% Average to high dependent| Most attractive
on biomass material
Injectioninto the national | Average ~ 80% | Average to high dependent| Improved
gas network on biomass material
Fuel for transport usage Average ~ 65% | Average to high dependent| Improved
on biomass material
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The coss of biogas production are driven by increasing raw material pripgses of
agricultural material have doubled since 2000 and it is expected that this increasing trend will
continue. Biomass materials have become more expansive because of rising dedhand a
stimulating measures from the governmelnt. the Netherlands most biogas plants are
uneconomical to run because tlav material prices havesen sosharply in recent years
according to thebenchmarkof Rabobank. In Germany increased corn prices Hesleto
cancelation of different biogas projects in 20[64]

A paper investigated the economic feasibility of producing 17 PJ green gas fbusmess
models (standlone and central upgrading) in the province Overijsel in the Nether[&2ds.
From this study was found that the probapititat the combined business modelach their
production capacityesuls in a negative NPWf 23%. The sensitivity analysis showed that
biogas yield and investment cost have significant effeaietermining the NPV values.

When looking into the riskprofile of green gas production, concerns arise such as: the
availability of feedstock, the location of digesters, availability of subsidy, and stability of
government policies on renewable energy (SDE subsidy).

Published ambitions by the government emrisa share of-82% of green gas in 2020, -15

20% in 2030 and 50% in 2050. To reach these future targets a share can be produced from co
digestion of manure and agricultural crops. This potential has not yet been exploited, but if in
the long term other fabchains would aim in becoming an energgutral chain, availability

of feedstock (particularly the etdigestion materials) will be a bottleneck addition to
concerns about availability deéedstock digesters should be strategically located based on
local availability of manurend other feedstocis longdistance transportation of feedstock
would hamper theconomic and environmental sustainability of the plant.

Regarding policy on renewable energy, duérégquent shifts in policy the Dutch government
has failed tobuild confidence in the stakeholders and has failed to recdoasket
uncertainties

3.1.2 Electricity grid

The climate goals towards 2020 and 2050 will havgreat impacbn the way the electricity

grid is used in the Netherlands and the redEwpe. The transition from a supglgmand
system (using fossil fuels) towards a supggpendent system (using fluctuating renewable
energy sources) will have major consequences for the infrastructure and operation of the
net wor k. 0 S ma mndtion gvithithérsd and electical stbrage systems will have

to be applied more to cope with the fluctuating characteristics of wind and solar energy.

Netbeheer Nederland isbaanchorganization of largenergy €lectricity and gascompanies

in the Neterlands including Alliander, Cogas Infra en Beheer, Delta Netwerkbedrijf, Edinet,
Enexis, Gasunie, Liander, Rendo, Stedin, TenneT, and Westland Infra Netbeheer. Together
they have created a documevdrepossible developments in tiBritch energy infrastruttire
andtherole thatnetwork operators have to play irettnansition are explored63] Interesting
issuedrom this reportconcering nZEBs will be discussed in the following paragraph

One of Netbeheer Nederland studies suggest, titatsamoment it is not possible to predict
which investments will be required, how large they will need to be and where and when a
start should be made. &te is a considerable risk that any investment decisions made now to
facilitate energy transition will, with hindsight, be inappropriate. For energy infrastructure in
the Netherlands, the study indicates a number of quite plausible consed68iices
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1 The CQ reduction targets imply that at the local level only &@utral carriers of
energy can be supplied, for example electricity (generated fromasusn ab |l e or 0 «
fossil fuels), green gas and (heated) water. The increase in decentralized generation
means that the capacity of local power networks in new and existing housing estates
and buildings wil!/l need to be increased a
1 Local distribution of natural gas will change notably. It is expected that demand for
natural gas will decline partly as a result of efficiency measures and partly because gas
as a source of heating by will be replaced by other sources such as GSHPs, solar
boilers, heat pumps, waste and process heat from fostifired power stations
combined with @rbonCaptureStorage green gas, mick@HP units fired with green
gas, and bi€CHP at a district or central level. Jointtyvned systems are likely to play
a moreimportant role than they do now due to their economic advantages. Natural gas
may still play a role in meeting peak demand for heating: relatede@ssions are
relatively small.
1 At the local level, gas distribution networks will increasingly distributeeg gas.
Ultimately, in new building projects the distribution of gas and heat to all buildings
will cease. The pace of this change will depend on the speed at which building
standards for emissiefinee buildings with an EPC of zero (ZEBs) are introduaed
on the outcome of the discussion as to whether gas will or will not continue to play a
role in meeting peak demand for ldewel heating.

A roadmap towards smart grids has been made by Netbeheer Nederland to pvawikiag
agendawhich outlines therole of smart grids in three future scenarios for 2050ree
scenarios concern the following levelesidenceevel (micro level), neighbourhoodevel
(meso level) andutch national energy system (madewel). Views on the mirco and meso
level will be shortly discusse{b4]

Smart grids at niero level

New houses will be energyeutraland most existingesidences been well insulatieg 2050.

The average energy consumer is also an energy producer due to the installation of solar
panels, high efficiencgombo furnaces that generate electricity (primarily for older houses in
which the possibilities for ingation arelimited), etc.A number of storage options have been
provided, both for electricitye(g.batteries otlectric cars or small battery systems) as well as

in the form of heat storage.f. hot watertank). The energy system ptimizedusing an
energy management console, whicprissent in every house.

It is expected that consumers have the opportunity to contribute themselves to improving the
sustainability of the energy supply and energy transifidre new infrastructure provides
consumers vwth new services that contribute to an increase in comfort at lower costs. For
instance, priceelated energy services (shifting loads to avoid the expensive peak times,
energy supply related to current production information about renewable sourcess waitell)

as energy services that increase comfort (switching on and off space heating asishaf b
demand instead of fixezlock times).

Smart grids at macro level

At the neighbourhood leveldistrict with ~ 1000 residencg@ssmart grids make more
autonomy possible. Due to the mutual energy exchange between residences in combination
with local production (CHPs at the neighbourhood lev@BHPand biogas installatiorsre

making neighbourhoods increasisglf-sufficient, although full independencd the system

will probably not take place. Possibilities for electricity storage are also provided in the
neighbourhood. There aa¢so sufficient fast charge points for electric cars.
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Neighbourhoodsvill vary in terms of energy concept: some neighbourhoodalbetectric,
others have both electricity and gas infrastructure and otbighbourhoods combine the
electricity infrastructure with district heating.

Both reports from Netbeheer Nederland shoveptal for (combined CHP systems and
GSHP systems, and Paystems for electricity production

3.1.3 Smart grids

This section ifst discussedhe definition of smart grids ihich isfollowed byan overview
of smart gridorojecsin the Netherlands.

Thereare many smart grid definitiongunctional, technological or benefitriented. Most
definitions appoint the application of digital processing and communications to the power
grid, making data flow and information management central to the smarOgeaf the ke

issues in the design of smart gridsthe ability to use integrated digital technology with
power grids, and integration of the new grid information in utility processes and sygBmns.

The power grid is usually referred to as an electricity grid, but can also refer to a heat network
or gas infrastructure.

The definition of a smart grid used in this report is:

A smart grid is a powegrid that uses analogue or digital information and
communications technology to gather and act on information, such as
information about the behaviours of suppliers and consumers, in an automated
fashion to improve the efficiency, reliability, economics] austainability of the
production and distribution of an energy carrier suchedsctricity, heat (hot
water), natural gas.

Smart grids may vary in structural desginutcommon features of smart gridsist[65]:

1 Reliability, improved by fault detection, allowingel-healingof the networkwithout
intervention of technicians.

71 Flexibility; networks will be able to handle-8irection energylows, convenient for
decentralized small scale power generation.

{1 Efficiency energy and financial efficiency by less redundancy in transmission and
distribution lines, greater utilization of power generators, leading to lower prices.

1 Peak levelling and me of use pding, reduce peak loads hyatching supply and
demand of energy, enallby price incentives.

1 Sustainability improved flexibility allows intermittent sustainable energy sources to
be implemented in the grid, with or without the additionrudrgy storage.

1 Marketenabling more sophisticated and flexible operational strategies for suppliers
and consumers becausecommunication and metering systems.

Smart grid projects

Currently in the Netherland different smart grid projects are caouedThese projects range
from local smart grids for residential districts and business parks, to initiatives to create an
electrical storage system for electric taxi services.
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Figure 10 showsan overview map of smart grids projects currentin progress.Table 14
shows the project name, location and a short project descriefimted toFigure 10. More
information on these smagrid projects can be found te following sources:

1 Website: Netbeheer Nederlarf66]
1 DocumentAgentschap NL- Proeftuinen Intelligente Netten 202015.[67]
1 Website:Agency NL, factsheets on latest status of smart grid projf&ss$.

Figure 10: Smart Grid projects in the Netherlands.[66]

To gain some more insight in smart grids and determine the implications for nZEBs, three
projects will be discussed fppendix IV. The projects dussed are:

1 Bio Energy Vallei
1 Power Matching City
1 Your Energy Moment

These specific projects are discussed becausérttiele residential areas on different scale:

25 dwellings, 266 dwellirgand 3000 dwellings. Different renewable energy sources ade use
(PV panels GSHP, biomass heat) and also different types of network (electrical and heat) are
applied

The examplediscussed iAppendix IV give a good impression on how future infrastructure

for suburban aresamay look like.Scenarios ofnfrastructures for nZEBs in three different
areas (urban, suburhamral) will be discussed in CA.2.1, Ch.4.3.1andCh.4.4.1
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Table 14: Smart Grid projects in the Netherlands.[66][67][68]

Smart Grid Proeftuinen in the Netherlands

Project Location Description
1 | The Grounds Schiphol A large scale organization (29 participating companies called
ProSECco = Proeftuin Smart Energy Collectt/€0) focused on
preparing electricity networks on tweay direction and monitoring
(understanding) and stimulating consumer behaviour.
2 | Duurzaam Heijplaat Rotterdam Residential district adapted for local energy exchange, combined |
feedback systemsyice incentives and active control.
3 | Texel Energie Texel Smart meters used to provide Texel residents insight in electricity
consumption. Gas network leaks are mapped with smart gas mete
4 | Intelligent energienetwerk Deventer Local intelligent mediurvoltage (10 kV) and thermal network for a
business park with local renewable energy production.
5 | PrimAviera Haarlemmer A direct current network for local farmers and greenhouses produg
meer electricity with wind, PV and CHP.
6 | PowerMatching City 2 Hoogkerk Smart grid for 30 to 50 dwellings, combined with two smart
distribution transformer and 20 EVs.
7 | Campus TU Delft Delft Intelligent heat network combining heat and cooling demand in the
built environment with the existing heabld network.
8 | Appartementencomplex | Den Haag Apartment complex (300 dwellings) with a collective heat and cold
Couperus, Smart Grid storage with individual heat pumps.
9 | Muziekwijk, Zwolle Smart grid for 266 dwelling in a residential district combimgith PV
Jouw Energiemoment panel s, EV6s and smart appli at
10 | Smart Grid Rendement | Utrecht en Innovative local dynamic energy management system monitoring t
voor iedereen Amersfoort residential district$o gain info orelectricity supply/demandetworks.
11 | Social Erergy Utrecht en Research on demand control carried out using smart meters in twq
Den Haag residential districts. Energy consumption is compared by participar
12 | Jouw Energie Moment, | Breda Renewable energy production combirneth smart meters gives
Easy Street en Meulensp participants insight in the supply/demand of energy in their dwellin
13 | Inteligent MSnet Tholen MS-installationfor measurements and communication techniques.
14 | All-Electric Gorinchem ProSECco (see 1.) for ali-electric residential district. Monitoring
nieuwbouwwijk technol ogies: heat pumps, PV i
15| Stad van de Zon Heerhugwaard | ProSECco (sek.) for a residential district ith large scald®V
application Focus: balancing electricity supply and demand.
16 | Waterstad Goese Schang Goes ProSECco (sek.) for a local smart heat and electricity network.
17 | Smart Storage, De Keen | EttenlLeur Electricity storage for 200 dwellings during peak PV production
18 | Evander Nieuwegein Electric Vehicles and Distriied Energy Resources (EVANDER)
Smart electricity network developéal store locally produced
renewable energy for EVs, connected to a business park.
19 | Livelab Gas Zutphen Local gas network which is monitored and optimized, reducing gag
network loss so ore decentralized gas fe@dis possible.
20 | Inteligent net in duurzaan Lochem A local smart grid which integrateecentralized electricity generatio
Lochem EV application and storage and data systems.
21| Cloud Power Texel Cloud Power facilitates la communities, concerning 300 dwellings
to mach supply and demand of localized power production (wind, |
22 | Greenport Venlo, Venlo An integral energy supply network for greenhouses is constructed
bedrijfventerrein optimize energy supply/demand and infrastructure.
23 | Houthaven Amsterdam, | Amsterdam Energy neutral block is built by: energy saving (70%), local renewg
stadsdeel West energy (22%), athsaving on behaviour and ICT solutions (8%)
24 | Bedrijvenpark A1 Deventer Intelligent electricity and heat network for a business park. (see 4.
25 | Twenergy Almelo Complete or partial seBufficiency in heat and electricity network
powered by CHProduction facilities on biomass, waste, or manure|
26 | Cogas Slimme Meter Apg Oldenzaal Smart meter combined in an applicationconsumption overview.
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3.2 Building energy saving measures

This subchapter gives an overview of energy saving measures for buildings in three specified
areas: urban area, suburban area and rural area. The goal is to prlesemt building
technologies for the nZEB scenarios in chagtefhe focus is mainly omstallationsusing
renewable energy sources; these measures are described in dgipéralix V.

Before building energy saving measures
aredescribedfirst strategies focusing on
energy saving measures concerning
building uses areshortly discussed.
Figure 11 shows a schematic
representation ofreduction of energy
demand by focussing on building user
needs.The general approacl improve
building energy performanceis by
reducing energy demand wh passive
measures anduilding energy saving R .

. eduction: Energy use By Energy
measures; howeveaonsiderable energy and co, emissions demand reduction!
reduction could be accomplished when
the thermal systems awistomizedfor
each building usespecifically.
Techniques that focus on building users
are:  (individual) clinate  zones,
workplace thermal systems, preserce
detection, etc.Also prediction of user
behaviour (for example in building
performance simulation) will become
more important in order to better match
user energy demand to building
installations.

Figure 11: Schematic view of reduction of energy demand b
focusing on building user needg56]

Accordingto a study on human centred energy control, more than 20% energy savings can be
achieved on heating demand and up to 40% energy savings on cooling demand compared
with the actual energy deman9] The study showed a strong correlation between the
occupancy (of a floor in an office building) and the most important human influence on
building performances, use of electrical appliances.

Research abouwtontrol strategies for indoor air temperature in a conditioned system (offices)
describes a method based on individual 6s f ee
air temperature control methd@0]Co mbi ned wi th humandés psychol
new signal transfer technique, the room air temperature is controlled by the signals sent from
human body so that the indiviu al 6 s act ual reqguirement i s sat
writers suggest using the temperature of the wrist skin at inner side as the representative index

to control the air conditioning system.

Energy saving measures focussing on building oeets are very effective and necessary to
achieve significant reduction in primary energy demand.
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