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ABSTRACT

In the context of European and Flemish demonstrapoojects and living labs several social housing
neighbourhoods in Belgium are transformed intoaunable carbon neutral districts. The neighbourlsose
located in different Flemish cities and consistvafious housing typologies constructed during tid¢h2
century, eg terraced and semi-detached housesimdiie 1950's, multifamily appartment blocks builtthe
1970’s or a century old historically valuable urbstneet. Tailor-made solutions for retrofitting lolimg
envelope and systems were developed in order thraavery low energy demand that is compensated by
renewable energy supply. The main goal of the ptsjes to reach the high energy performance targeds
quality of life in reality, that is during operatiand occupancy. In order to evaluate the actualatipn of the
buildings and building systems during the first ngeaf occupancy of the neighbourhood, energy manio
and commissioning activities are performed. Thejude monitoring of energy use and temperaturaseys

of the occupants and quality assurance tests. ifn kifty note lecture an overview is given of solosio
developed for the different neighbourhoods, andajyeroach and findings of commissioning and moimipr
activities are discussed. The findings show thahrogssioning of building systems and monitoring dgri
occupancy are a vital part of the completion andrafonal lifetime of a building project, and a wable
contribution to achieve the targeted quality.
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1. INTRODUCTION

This paper gives an overview of the results offlneopean demonstration Project ECO-Life (2010-20T6¢
goal of the project was to transform a number aiadhousing neighbourhoods in Kortrijk, Belgiuntana
sustainable carbon neutral community. In a carbeutral community the building energy use is covesed
compensated on a yearly basis by carbon neutrawale energy generated within the community. The
energy use includes all energy use for space ligajace cooling, hot tapwater and auxiliary enefidye
household electricity use of the individual houddhds not taken into consideration in the defomiti The
metric of the balance is G@quivalents and the balancing period is one yHais means that the net amount
of CO,-equivalents released on a yearly basis shoulceb® (In a normal year). Accepted zero-carbon energy
supply sources are for example solar energy, geotileenergy and biomass from sustainable and teliab
origin. The scope of the zero-balance is the conitysgale, so the energy generation can take ptaoe on

the building or building site, but also in anotlpdsice within the community. The buildings and egesgpply

in the neighbourhood can be connected to collecgtatevorks and to the national electricity netwash, the
community is not autonomous.

The ECO-Life project in Belgium consists of 274 dlimgs, located on 4 sites. Here only the largéist is
discussed: the Venning district, where a neighboodhof single family social houses built in the 0%5was
partly replaced by new multi-family buildings an@éw housing blocks, and partly refurbished to curren
standards and confort (Figure 1). Based on the Ef®-argets and guided by energy performance
calculations different energy concepts have bedimatk for the demonstration buildings and systenthiw
the community.
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The four multi-family buildings in Venning Phaseafe newly built in the south of the Venning neighiimod.
Buildings A, B and C are multi-family buildings wwitrespectively 22, 22 and 26 apartments with onvor
bedrooms. The apartments are reached through etewatdoor galleries on the north facade, whileate
terraces are oriented to the south. Building D ®Giagpartments on the ground floor, equipped for désh
occupants, and 6 duplex apartments on top of theéim3xbedrooms each.

The Venning Phase 2 new building blocks are locatath of Venning Phase 1 and include 64 singleilfam
dwellings. They are disclosed by the surroundimgess with communal parking lots and new footpaths
between the buildings. Six building blocks consistt up to 9 new single-family terraced and detddheuses
with a private garden. There is a mix of househ it 3, 4 and 5 bedrooms, for 3 up to 8 occupanis
blocks have apartments for disabled occupants ergtbund floor and duplex apartments on top of them
similar to building D of Venning Phase 1.

In Venning Phase 3 50 larger dwellings from thejioal neighbourhood have been completely renoviated
today’s building standards. The dwellings are ledah between the Venning Phase 2 dwellings. Therel2
building blocks with 3 up to 8 single-family teremt and semi-detached dwellings with 3 bedroomsaand
private garden. The original dwellings were striggpe the load-bearing walls and floors. The plandat was
adapted and the roof construction, the insulatiod air-tightness layers, windows and glazing, shgdind
finishing layers were newly installed.

The building design in all 3 phases was guidedheypassive house standards aiming at a net spatiaghe
energy demand of 15 kWh/m?/year, leading to buddenvelope U-values below 0.15 W/m2K and an
airtightness & of 0.6 h'. Living rooms are oriented as much as possiblthéosouth, while both fixed and
movable shading elements were applied to reducevbeheating risk. The buildings in Phase 1 arepgmpa
with collective balanced mechanical ventilationteyss with heat recovery and air tight ventilatiomcts
(class C). Half of the houses in Phase 2 and 3 hadieidual balanced mechanical ventilation systesmith
heat recovery, while the other half have individdamand-controlled ventilation system with natuwapply
and mechanical exhaust. The dwellings equipped avilemand-controlled ventilation system typicalywé a
higher predicted net space heating demand compartheé passive house standard, up to 25 kWh/m2/eiar
a lower use of auxiliaries. The Venning districatieg network supplies heat to the dwelling suliwtat for
space heating and domestic hot water production. Eating system consists of radiators in the m@oms
and, in case of houses with balanced mechanicdilaton, a heating coil to preheat the supply iir
necessary. Grid-connected photovoltaic systemprangded on the rooftops of all buildings.

The heating plant of the Venning district heatiggtem is located in the centre of the Venning nedgithood.
The main heating generation system is a 950, kMdémass boiler that uses wood chips as energycsour
Secondly, a mini-CHP that uses rapeseed oil, peslaixiliary electricity and heat for the distrieating
system (e.g. for pumps, controls, storage losse§.his system has an installed capacity of 9.ksvid 14
kWy. In addition to these biomass-based systems, &Wbfas condensing boiler serves as a back-uprayste
Every dwelling is connected to the heating planbtigh a local district heating network consistiny o
thermally insulated pipes which supply hot watethte dwelling substations. It is a low-temperatneswork
with supply temperatures around 60-70°C.

Figure 1: Aerial view of the original (left) andatisformed (right) Venning district.
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2. MONITORING APPROACH

Different levels of metering were identified to lfoh up on the performances: general metering in all
dwellings (heat use, electricity use, living rooemperature), detailed metering in a sample of dugdl
(domestic hot water use, auxiliary energy use,) aod additional metering in a small sample fodépth
studies, such as end-user comfort evaluations arfdrmance assessment of the ventilation systems.

The projects in the Kortrijk ECO-Life community feabeen completed step by step and therefore natlifor
demonstration buildings and systems two full yedmnonitoring data are available. The buildingd/enning
Phase 1 have data for at least 2 years. The ampeahtion of these buildings was investigated dutie first
year of occupancy. During the commissioning pro@essimber of defects in building airtightness amdhie
operation of the ventilation systems were reveakaa] subsequently repaired by the contractors. The
commissioning therefore proved to be very valuablamprove the performance of the buildings andeys

[1, 2].

For a consistent overview of the energy monitoridgta of the last year of operation are used frameJL
2015 till May 31 2016 for assessment of the demmatien projects. During this year all Venning
demonstration buildings were fully occupied andengable energy systems were operational. It wadirtste
year that the Venning plant served the entire rmghhood (Phases 1, 2 and 3) and operated the ssoma
boiler. The CHP-unit however has been operationl since June 2016 and is therefore not includethé
analysis.

The monitoring data are first analysed in ordguresent the yearly primary energy balance takitgaccount
the following energy services:

e Primary energy use for space heating (relatedanstnission and ventilation heat loss reduced by
solar and internal heat gains)

e Primary energy use for domestic hot water

e Primary energy use to compensate for network lesaek (district heating and collective heating)

e Primary fan energy use

« Primary energy use for household electricity (dheps)

» Displaced primary energy use as a result of loleaitecity production by photovoltaic systems

The first three services relate to the biomass gasl consumed by the district heating plant. Thettage
services relate to electricity use or productiohe Pprimary energy use is applied in order to hé&needame
metric for different energy carriers thus enablingepresentative yearly energy balance. It is tisometric
used to specify energy performance requiremenBeamish EPB-regulation (Energy performance and ando
climate in buildings). To convert the metered efeity use to primary energy use a primary eneiptdr of
2.5 is used, representative of the Belgian elattrinix and a default in EPB-calculations in Flargle

Heating ener gy needs

The heating energy needs are measured by the nietetstal heat use installed at the network sifi¢he
substation of each dwelling. As an example, Figushows the metered monthly heat and electricieyfas
the buildings in Venning phase 2. In order to digagate the metered heat use into the heating yemeep
for space heating and domestic hot water, the &wvolwf the total heat use over the 12 months efytbar is
considered. The constant heat use measured dinengummer months is considered to represent thegyene
need for domestic hot water, while the remaining gthe energy need for space heating. Thisrlaiet is
further corrected for both degree days and indeaperature.

Space heating energy figures were normalised biidy each figure by the number of degree dayshe t
period over which that energy was used. These salgre subsequently multiplied by a single "norgesr"
degree-day value: for Belgium this is 2363 degrgsdor an average-year, representative of the3lasears'
climatic data. This gives a normalised equivaldrthe originalkwWh figures that can, in theory, be compared.
Since the weather during the monitoring winter rhgnivas typically mild (Figure 3), this correcticesulted

in an energy use figure substantially higher themactual monitored energy use (increase by ~30%).
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Figure 2: Monthly Heat and Electricity Use in VemgiPhase 2, uncorrected values (kWh/m?/year)
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Figure 3: Monthly heating degree days in 2015-2€d®pared to average climate in Belgium (base 1§.5°C

In addition to the heating degree day normalisatiti'e monitored data were also corrected for indoor
temperature. The indoor climate monitoring showedaed temperatures in a number of dwellings cosga
to the standard comfort temperature of 21°C. Ctirrgdor indoor temperature excludes the user arflte on
indoor temperature and makes the monitored enesgyeasier to compare to benchmarks. The correcfion
the heat demand was based on the simple raticedfifference between 21°C and outdoor temperatnaete
difference between the actual indoor temperatuckandoor temperature. In general this correctesulted

in a normalised figure lower than the uncorrecteergy use.

The metered heating energy need represents the lggasing energy demand. To convert these valteét
heating energy demands they are multiplied by gesysfficiency of 0.863 (default value for efficnof

dwelling heating system and substation).

Network heat losses and production efficiencies

The heat distributed by the Venning district hegtiretwork was monitored at the central plant fahdaranch
of the network (Venning Phase 1, 2 and 3). The losaes in the network were defined by subtradtiegtotal
metered heat use of the dwellings from the methead supplied by the plant. Figure 4 shows thispgamson.
On a yearly basis the network heat losses in Venthase 1, 2 and 3 represent 40%, 37% and 31%

respectively of the total heat distributed by teating plant.
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Figure 4: Total heat use in the Venning neighboach@)/enning phase 1, 2 and 3 ) and the associatieebrk
heat losses (2015- 2016).

The production efficiencies of the different heahgration systems (biomass boiler, back-up gagtailere
defined using the metered resource consumptionhefslystems (wood chip deliveries and metered gas
consumption respectively). The energy generatetthdgnergy systems was related to the estimatedrad
heat supplied by the district and collective heptietworks. This way the production efficienciesoainclude

the effect of heat losses of storage tanks preserthe heating plant. For the conversion of reseurc
consumption into generated energy a heating valug84.8 kWh/kg was used for wood chips, based on
technical specifications of the wood chip deliveriand 11.50 kwh/m3 (higher heating value) was dsed
natural gas, provided by the regional gas utilitynpany. This way a seasonal efficiency of 67% werdsdd

for the biomass boiler, and 87% for the back-updemsing gas boiler (Venning)

Fan energy use

The electricity monitoring data of the individuadntilation systems and of the collective air hamgilunits
enabled to define the fan energy use. Furthernt@®perational supply and extract flow rates weeasuared
in a sample of different systems and dwellingssTay the average specific fan power (SFP) of &g of
system could be defined. This information was edfated to define the fan energy use in all denmatish
buildings. The following SFP-values were measured:

» individual mechanical ventilation systems with hesatovery (Venning Phase 2 and 3):
SFP = 0.51 W/(m?3/h) (SFP4)
e individual demand-controlled ventilation systemsthwinatural supply and mechanical exhaust
(Venning Phase 2 and 3): SFP = 0.17 W/(m3/h) (SFP2)
» collective air handling units with rotary wheel heacovery (Venning Phase 1):
SFP = 0.32 W/(ifh) (SFP3, in line with design specifications)

Electricity generated by PV-installations

The first photovoltaic panels were installed on Keg Phase 1, building block C. At the time of rejyg,
this is the only PV installation for which data rinahe electricity grid operator is available. Foe bther PV
installations, the generated electricity is exttapam from building block C, based on the instalfdd capacity
at the other installations.

In building block C, a 35,28 kWp PV installation é@nnected to an energy meter. An overview of the
electricity grid operator for building block C shewhe total energy generated by the PV panelsetieegy
injected into the grid, as well as the energy etéa from the grid (when the PV panels do not gateer
enough energy). The evaluated period runs fromalgni2015 to December 2015, but during some momths i
this period, a unexpected low production (and inj@) is registered, resulting in an annual engrgduction

of 24 445 kWh. The low production during some marithprobably due to additional works on the eieatr
installation, during which the PV installation watsut off.



Built Environment and Sustainable Development

S MACDES.2016

Cuarto Congreso Internacional PALACIO DE CONVENCIONES DE LA HABANA CUJae

Medio Ambiente Construido y Desarrollo Sustentable 1 8 del 21 al 25 de noviembre de 2016 52

As this would result in a too pessimistic annuargy production, a first correction is made. Foergumonth,
the electricity production was normalised to theltdorizontal radiation measured by the pyranometsite.

A small fluctuation during the year is expectede da the changing solar angles. Unusual low vabiethe
production compared to the solar radiation wererembed taking in mind the yearly fluctuation, and a
corrected energy production was calculated reguitiran annual energy production of 36 527 kwh.

A second correction takes into account the soldiatiwn during the period, which was higher thamirty an
average year, and would result in a too optimigtioual energy production. An average solar radiatias
extracted from the EPBD calculation methodologyBilgium. The correction resulted in an annual eperg
production of 34 371 kWh, or 974 kWh/kWp. In extoégiing these values to other installations, thezne of
course be differences in the type of PV panelsiiest on the different buildings, as well as initlegientation

or angle, but these differences are rather limfdiedhe majority of the installations.

3. ENERGY USE TARGETS

National regulation

Figure 5: Evolution of energy performance requirataén Flanders, Belgium (E-level), as a functidiyear
of building permit.

The reference building is a building of the sampetyas the demonstration building, meeting the mahim
energy performance requirements of the nationallagign in the year of the ECO-Life project starbe
EPBD (European Energy Performance in Buildings ®ive) came into force in 2006 in the regional Higm
regulation on Energy Performance and Indoor Climat8uildings (EPB). The requirements concern both
energy efficiency of the building and indoor climgsummer comfort and ventilation), and are spettifn a
number of sub-requirements to which all new anadvated buildings have to comply:

e thermal insulation: maximum U-value of building ehype components and maximum K-level

(measure for the volumetric transmission heat tigsugh the building envelope)

« maximum net energy demand for heating

« maximum E-level (measure for total primary energg of the building)

e minimum ventilation requirements

* maximum value of overheating indicator (summer amt)f only for residential buildings

Since the year of the project start the energyoperdnce requirements have been strengthened yeayaér,

as Figure 5 shows. The requirements of the yead Pate been taken as a reference, since the petgettd

in 2010 and the majority of building permits foetKortrijk ECO-Life community were issued in 2018da
2011 (with exception of Venning Phase 3 (2012)).2010 and 2011 the maximum value of the E-level
amounted to E80. In order to achieve this requirgmisuildings of the type of the demonstration @inigs
should have a net space heating demand in the ofd& kWh/mz/year, when the building is equippeithw
standard building systems. This energy demand septs a theoretical energy demand calculated aogpral

the Belgian EPBD-methodology and based on a constdoor temperature of 18 °C in the entire insedat
volume of the dwelling. The value of 70 kWh/m2?/yeaas also introduced in the energy performance
regulation in 2012 as a maximum limit for the ne¢ryy demand for space heating.



Medio Ambiente Construido y Desarrollo Sustentable
Built Environment and Sustainable Development

MACDES.2016

Cuarto Congreso Internacional

del 21 al 25 de nOV|embre de 2016
| ¥l ANIVERSARIO

PALACIO DE CONVENCIONES DE LA HABANA (G UJ adaée

Therefore this value is also representative for riguirements of demonstration buildings with aldiog
permit issued in 2012 or later.

The reference building is assumed to be heated d¢gsdired condensing boiler, with a seasonal ilagian

efficiency of 85% (higher heating value as a rafesd. A simple exhaust ventilation system is asslimehe
reference scenario, without demand-control or heatvery. For the household electricity use Eutdiares
are used as a reference, showing on average afewticity use of 3500 kWh per household of 2epés and
1 child.

ECO-Lifetargets

In order to meet the ECO-Life targets of carbontradity, the energy use in the demonstration boidineeds
to be lower than the National regulation targets. frew demonstration buildings the passive housedstrds
are taken as a reference, aiming at a net spatiedneaergy demand of 15 kWh/m2/year, or almost &@ter

than national regulations. For refurbished dematisin buildings a performance 50% better than natio
regulations is needed, aiming at a net space lpatiargy demand of 35 kWh/m2.

To translate the ECO-Life targets into design dfetions for energy performance, the Flemish EBBvgre

has been used. It is mandatory to use this softteademonstrate compliance to the EPBD regulatinrtbe
Flanders region of Belgium. The energy performasfceew and renovated buildings needs to be assedsed
the moment of completion of the works by an EPBeassr, who collects the as-built information, aeeahe
necessary input in the EPB-software, and evaluatether the building meets the requirements. ThB-EP
declarations with the results are uploaded to abdeste managed by the regional authorities. The iBRB-
files of all demonstration projects in the KortrikCO-Life community have been provided by the EPB-
assessors (E-ster and Buroll) and the predictedonpesinces have been used as the ECO-Life design
specifications for comparison of monitoring results

4. MONITORING RESULTS

kWh/m?/year
primary energy
200 4

B Space Heating Use B Domestic Hot Water Use NetWork Heat Losses B Fan & pump energy Household electricity

150 -
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Regulation 2010 | Specification Monitoring data Specification Monitoring data Specification Monitoring data | Specification Monitoring data

Reference Venning 1 Venning 2 Venning 3 Community

Figure 6 Yearly primary energy balance of the KijxtECO-Life community (June 2015 -May 2016), with
negative values representing primary energy geeatay PV-installations.

Figure 6 gives an overview of the results of tmalfiyear of monitoring. The monitoring data are paned to
the National regulations and to the ECO-Life desigacifications extracted from the EPB-declaratiohthe
buildings, as explained above.
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The bar-graph shows the yearly primary energy kalgtop of bar), with the negative values represgrihe
primary energy generated by PV-installations. Thgative portion of the bar thus represents the gfaitie
energy use that is balanced by PV-production oealy basis, while the full height of the bar (pios +
negative portion) represents the total primary gneise.

The monitored primary energy balance in the comiyugill7 kWh/mz2/year, which is 39% smaller thathi
community were built and refurbished accordinghe hational building regulations in force at thmdi of
building permit. Compared to the ECO-Life desigrdfications the monitored primary energy use ia th
Kortrijk ECO-Life community is 39% higher.

When household electricity is not included in tladalnce, the primary energy balance is 87 kWh/me\&296
smaller compared to national regulations, and 8@gten than ECO-Life design specifications.

As the figure shows, the monitored energy use ghdt than expected according to the ECO-Life design
specifications mainly because of 3 reasons: (1 mgtwork heat losses in district and collectivathng
networks, (2) low production efficiencies and (3igher energy demand for space heating in some
demonstration buildings. These results highlighgt timportance of proper commissioning and operatibn
heating systems. In the last year of monitoringjctwhis also the first year that all the dwellingeres
connected to the Venning district heating systerhas been necessary to solve different problefaseceto

the operation of the district heating system. Duedmmissioning problems with the control actua{mMsD-
pumps, motorized 3-way valves), the system hasabperat elevated return water temperatures comgared
the design of 35°C. Moreover the supply water temajpee was not yet controlled as a function of anbi
temperature. After adjusting the settings of sornthe actuators the situation has recently improvwed the
commissioning is ongoing at time of reporting ahdwdd be completed by the end of summer 2016. As an
illustration Figure 7 compares the measured wamperatures before and after adjusting the settmgjse
Venning district heating network.

——Ambient Temperature ——Network Supply Temperature — Network Supply Temperature —— Network Return Temperature
—Network Return Temperature ~ —Design Network Return Temperature

— Ambient Temperature Design Network Return Temperature

40

20

0 0
2712/2015  28/12/2015  29/12/2015  30/12/2015  31/12/2015 1/01/2016 2/01/2016 3/01/2016 26/05/2016 27/05/2016 28/05/2016 29/05/2016 30/05/2016 31/05/2016

Figure 7: Operational temperatures of the network during one week of December 2015, and one week of May
2016 (after adjusting control settings).

Furthermore, several technical issues regardingvied chips feeding system have limited the polisitio
use the biomass boiler as a main unit at Vennirad pkant. When the problem with the wood chips fegd
system was solved and the heat demand had incraehselével of heat production by the biomass bdikes
progressively increased. As a result of the int#eni operation and the high peak capacity of thdeb
compared to the typical heat demand, the biomaitsrlias mainly been working in part load. Conisgues
however reduced the flexibility of the unit to oper during part load conditions.

It is expected that the future operation of the Meg heating systems will improve after final corsgidning

of the systems, and that the network distributiffitiency and system production efficiency will iease. An
increase of the distribution efficiencies to a eatf 87% is feasible according to heat loss calmra. At full
operation the primary energy balance in the comtyunbuld decrease with 25% compared to the current
monitoring results, moving the energy balance clts¢he ECO-Life design specifications.

Figure 8 compares both the normalised and the laotoaitored net space heating demand to the targets
Similar to the analysis of the yearly primary enetzplance, the monitoring results show a much bette
performance compared to the National regulatiogetisr (in between 32% and 78% lower space heating
demand), but without meeting the ECO-Life targetevery building. Note that the actual monitoredcsp
heating demand is lower than the normalised denaaddis closer to the ECO-Life targets, even thotlgh
monitored indoor temperatures were on average higla@ standard comfort temperatures.

8
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Figure 8: Comparison of monitored space heatingasdehand project targets.

The difference in energy use for space heating emaethbto ECO-Life targets can be caused by multiple
factors. The energy use for space heating is affletty user behaviour and outdoor climate conditions
Although the energy use is corrected for heatingyrele days and indoor temperature, this may notufficisnt

to normalise the metered energy use in low-enemysés in a correct way. Apart from indoor and oatdo
temperature, also solar radiation, operation ofdeims and ventilation systems, etc... play a roletHeumore

the use of the standard heating degree days iniuBelgvith base temperature 16,5°C may lead to an
overestimation of outdoor temperature influencespace heating demand in low-energy houses.

All demonstration buildings were designed with #zene energy saving measures for the building epeelo
(insulation, airtightness, solar shading), takihg passive house requirements as a guidelinealityrdarge
differences in airtightness were measured durirayveidoor testing. While Venning Phase 1 reached on
average the air change rate goal at 50 Pa predifeeence of 0,6 1, this was not the case for Phase 2 and 3
where on averagespvalues of 1,6 h and 3,8 H were measured respectively, causing higher iafitin heat
losses. Possibly, there were also some flaws isahgion of thermal bridges, resulting in highemismission
heat losses than designed. Although thermograpbfections demonstrated a good overall installaficaity

of thermal insulation, they also revealed a nundféocal areas with increased heat loss.

In Phase 1, all dwellings were equipped with a heabvery ventilation system, while in Phase 2 Bhdse 3,
this is only the case for half of the dwellings.eTother half is equipped with a demand-controllzdaest
ventilation system. The detailed monitoring resirtlicated there were no significant differencesveen the
space heating energy needs in both types of dwslliHowever, the measured extraction effectivepésise
rotary heat exchangers was lower than accordipgdduct specifications.

5. CO>-MONITORING OF THE COMMUNITY

The environmental impact of the ECO-Life projectagpressed in terms of G@missions due to the
production of heat and electricity for the openatad the buildings. The C{balance is a balance between the
CO, emission from the buildings and the £displaced by energy production from renewable ggnspurces.
For the estimation of the GGemission from the buildings, it is assumed tha émergy used is entirely
produced by typical (largely non-renewable) systeffas the Belgian situation, this is a gas condenbioiler
with efficiency of 85% for heat generation, and #iectricity is taken from the national electricgyid. The
CGO, displacement is calculated from the energy useth&éactual renewable energy systems in the ECO-Lif
project (e.g. the electricity produced by the Pgteyns and the biomass fuelled to a biomass sysRemark
that even if in the ECO-Life project the requirezhhis immediately produced by a biomass boilethenCQ
emissions it is assumed that it was produced vat) gnd the production from the biomass boilee&ltdvith

in the CQ displacement.
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Figure 9: C@-Balance in community.

In Figure 9, the C@emissions from new and refurbished buildings ({pasiy-values) and COdisplacement
from Renewable Energy Systems (negative y-values)peesented for all project phases. In 2015 thg CO
emissions are reduced with about 40% in comparisomormal practice. In total about 511 tonnes of,CO
would be emitted (if all systems were replaced ypidal non-renewable systems). On the other hamditab
303 tonnes of COwas displaced by the renewable energy systemd. i$Hz0% of the C@emissions. If
household electricity is not included in the Géalance, the displaced GCGovers 73% of the emissions.

It is clear that the actual balance of the ECO-tidenmunity is not yet carbon neutral. However, thigrgely
caused by the fact that the biomass plant, whicthésmost powerful RES-system in the communityl| sti
experienced operational problems in the last yéaramitoring,

It is expected that the performance will increaggnificantly after all commissioning tasks have ibee
completed. Therefor an extra column has been atiddte CQ-balance, representing the expected balance in
full operational conditions. The expected distribntefficiencies would be about 0.87 for Venningtdct
heating plant. Also a full operation of the mini-BHs taken into account (=7.6% of the energy prtdoy;

and a production of 83% of the energy with the l@emboiler. In these fully operational conditioihe CQ-
emissions would decrease with about 25% in comparis the actual conditions, and 55% in comparitson
the normal practice. Moreover, the €fisplacement would rise and cover about 90% of2B®gemissions of
the ECO-Life buildings. If household electricity uld be excluded from the G@alance, the displaced GO
would exceed the emissions by 20% in full operation
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