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Justification of the study

ÅConsideringthe water-energynexus,the reduction of water consumptionin

the buildingcycleis alsoreflected in significantenergyefficiency,taking into

accountthe reduction of energyconsumptionto heat sanitaryhot water to

pressurizethe water, and in the public systemsin the abstraction,pumping

andtreatment of water andwastewater.

Å Introduction



Objectives

ÅDescribean audit of water efficiencycarried out by ANQIP(PortugueseAssociation

for Quality and Efficiency in Building Installations) in the Department of Civil

Engineeringof the Universityof Aveiro,

ÅThe resultsobtained in terms of reduction of water consumptionin the building,as

well as the correspondingestimatesfor the reduction of energyconsumption,as a

consequenceof the water-energynexus.

ÅThe overall objective of the Department was to increasethe water and energy

efficiencyof the building,so the resultsof a complementaryenergyefficiencyaudit

arealsopresented.

Å Introduction



Case study - Methodology

ÅWaterefficiencyaudit

In November2016, ANQIPconducteda water efficiencyaudit in the building in

which sequencewas decided to adjust the flow rates/volumesof the various

water devicesto the referencevaluesof letter "A" of the ANQIPlabellingsystem.

Althoughthis labellingsystemcoversdeviceswith higher efficiency(categories

"A+" and "A++"), their application is not generally considered for public

buildings,in order to ensureproper functioningof drainagesystems,adequate

levelsof ǳǎŜǊǎΩcomfort andfor healthreasons.

Å Network Characterization



Case study - Methodology

ÅWaterefficiencyaudit

Thebuildinghas69 water devices distributedby:

- Urinalflushvalves(17);

- Showerheads(2);

- Flushingcisterns,completedischarge(16);

- Flushingcisterns,doubledischarge(3);

- Self-closingtaps(23);

- Laboratorytaps,conventional(11).

Å Case Study



Case study

ÅWaterefficiencyaudit - proposedmeasures

Urinal flush valves - In 14 of the urinals,only a smallreductionon the
discharge time was made, from 7.12 seconds (on average) to 5
seconds.

Showerheads- Theinitial flow rate was12 L/min, which was reduced
to 8 L/min by the applicationof a reducerpreviouslytested by ANQIP,
in order to guarantee the desired flow rate for the local pressure
conditions.

Flushingcisterns, complete discharge- By simple regulation of the
water inlet mechanism,it was possibleto reducethe initial discharge
volumefrom 9 L(onaverage)to 6 L.

Flushingcisterns,doubledischarge- Bysimpleadjustmentof the water
inlet mechanism,the averagevolume of the dischargewas reduced
from 6 Lto 4.5 L.

Å Case Study



Case study 

ÅWaterefficiencyaudit - proposedmeasures

Self-closingtaps - Thesetaps had an averageflow rate of 7.6
L/min, which was reduced to 4.0 L/min by application of a
calibrated reducer, as in the caseof showerheads. It was not
consideredadvisableto reducethe openingtime (closebetween
6 and 8 seconds), since lower values lead to successive
actuations.

Laboratoryand servicetaps, conventionalones - In these taps,
due to their functions, it was not consideredappropriate any
operation.

Å Case Study



Case study 

ÅWaterefficiencyauditςresults

The water efficiencymeasuresproposedin the audit have been progressively
implemented. The flushingcisternsadjustmentwere implementedduring the
auditing (November2016) and the placementof flow reducersin the taps in
October2017.

Device Number of devices Average reduction 

Urinal  17 > 0% 

Shower 2 33% 

Toilet (complete discharge) 16 33% 

Toilet (double discharge) 3 25% 

Washbasin (self-closing tap) 23 40% 

Laboratory sink (conventional tap) 11 0% 

 

Device % 

Urinals 12.5 

Showers 2.5 

Toilets 40.0 

Washbasins 35.0 

Sinks (and other consumption) 10.0 

Total 100.0 

 

Table 1 ςWater consumption reduction by type of device, in percentage Table 2 - Water consumption of the building per
device(estimatedvalues)

Å Case Study



Case study - Methodology

ÅEnergyefficiencyaudit

Between 13th of October and 20th of November2017, an energy audit was

performed to assessthe major energy consumption by building floor level

includingHAVC.

Å Case Study



Case study 

ÅEnergyefficiencyauditςimplementedmeasures

In 2016/2017severalenergyefficiencymeasureswere introduced,namelythe
changingof lampstype andelectriclightingcontrol:

Replacement of corridors’ lighting systems: In corridors,all the projectorswere

replaced by new LEDsolutions reducing installed power by 25 times, and

consequentlya decreasein luminouspowerwasintroduced.

The set point of the AVAC system was reduced from 24/25° Cto 20/21ºC.

The classrooms and offices lighting systems were graduallybeen replacedby
LEDsystems.

Å Case Study



Case study

ÅEnergyefficiencyauditςresults

In 2016the energymanagementin the CivilEngineeringDepartmentreached11% of

electricitysavingswith regardto the previousyear.

In 2017the energysavingswereeven

higherthan in 2016, achieving 25%.

With the energyefficiencyplan

implementedby the energymanagement

theǘƻǘŀƭΩǎbuildingelectricityneedswere

reducedby 30%in the last2 years, which

representssavingsaround5260ϵper year.
  

Fig. 9 - Monthly average energy consumption in 2015, 2016 and 2017 

Å Case Study



Results Discussion

The water consumptionrecords show a reduction from 568.8 m3 in 2016 to

358.8 m3 in 2017(36.9%less).

Accordingto studiescarriedout in Portugalby ANQIP(in the region of Aveiro)

the energy consumption related to the consumption of water in dwellings

correspondsto almost 75% of sanitaryhot water (SHW)heating and of about

25% of energyconsumptionin the public water supplynetwork, in the public

drainagenetworkandin the wastewatertreatment.

Å Conclusions



Results Discussion

According to data provided by the local water authority (AdRA), energy

consumptionin the supplypublicwater network of the municipalityof Aveirois

0.838kWh/m3, and in the publicdrainagenetwork andwastewatertreatment is

0.818kWh/m3.

Accordingwith the recordsof AdRA, in the municipalityof Aveiro an increase

coefficient of 1.33 should be considered to include water losses,affecting

essentiallythe volumesabstracted,treatedandpumping.

Å Conclusions



Results Discussion

It wasregisteredthe reductionof the annualwater consumptionfrom 568.8 m3

to 358.8 m3 (210 m3 in total) leadingto a reduction of energyconsumptionin

publicsystemof 406kWh/year(210m3/year x 1,933kWh/m3 = 406kWh/year).

Themeasuresalreadyimplementedasa resultof the buildingaudit will leadto a

reductionin emissionsof almost100kgCO2/year.

Å Conclusions



Results Discussion

 
 

 

Fig. 10 - Energy consumption between 
16th and 22th of October, with an 

average energy consumption of 295 
kWh/day 

Fig. 11 - Energy consumption between 
13th and 19th of November, with an 
average energy consumption of 361 

kWh/day 

 
Å Conclusions



Results Discussion

 
Fig. 12 ï Spaces temperatures for working days between 8am and 8pm  

 
Fig. 13 ï Comparison of the inside building average temperature with the daily average 

total building electricity consumption and HVAC electricity consumption 

Å Conclusions



Results Discussion

 
Fig. 14 ï Illuminance and Normalized Light Power Density 

 
Fig. 15 ï Energy consumption and LPD for Sodium Vapour and LED lighting projectors 

Å Conclusions



Conclusions

ÅTheestimatedreduction of 210 m3 in water consumptionin the building leadsto reductionsin energy
consumptionin publicwater supplyandwastewaternetworksof around406kWh/year. In the building,only
2.5%of the consumptions(showers)imply the water heating,beingthe majority of the water consumption
in the buildingof coldwater. Thus,the effectsof the nexuswater-energyarenot significantin this caseat the
buildinglevel,where there is a reducedproductionof domestichot water, but are significantat the levelof
publicnetworks.

ÅIn the energy audit, it was observed that thermal comfort conditions are provided to the building 
occupants in most of the time (70%). In cold months (November to March) the building tends to be cold and 
the heating system are required to provide thermal comfort, increasing the building energy demand from 17 
MWh/month to 26 MWh/month, meaning that building thermal envelope should have better thermal 
insulation.

Å Conclusions



Conclusions

ÅWith the implementationof energyefficiencymeasuresinvolvingthe electric lighting systemand better
managementof the buildingenergysystems,the electricityconsumptiondecreasedby 30%.

ÅIn the buildingalmost30%of electricityconsumptionis relatedwith electriclightsand45%with office and
testingŜǉǳƛǇƳŜƴǘΩǎ.

ÅThe efficient electric lighting measurescontribute for around 35%, 14200 kWh/year, of the electrical
consumptionreductionreachedbetween2016and2017.

ÅTheremainingenergyreductioncanbe explainedby the occupancyvariation,by the activity in the building
roomsandby the decreaseof the HVACsetpointtemperature.

ÅDespite the holidays period in August,a large energy consumptionoccurs due to the fact of several
equipment stay working and also severalresearchersin spite of the holiday period stay working in the
building.

ÅIt can be also concludedthat the significantenergyreduction in the last two years,has a relative small
impactin the thermalcomfort conditions.

Å Conclusions
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