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The ‘Zero2020’ Project is a project involving extensive refurbishment and
upgrade of 3% of an existing 1974 office and teaching space on the
Bishopstown Campus of Cork Institute of Technology as a pilot project.

Its mission is to provide a live, monitored testbed environment to explore
energy and resource performance through the use of low energy solutions

with emphasis on demonstrating nearly zero energy in use operation.
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nZzero.2020 / Thermophysical Performance

Component (1?9'714_1) '(I'2(30D8I; Op():t(i)rsrfal Zero2020
Wall U-value (W/m?K): 2 0.6 0.3 0.09
Roof U-value (W/m2K): 1.1 0.35 0.15 0.09
Floor U-value (W/m?K): 0.8 0.8 0.10 0.8
Window U-value (W/m?K): >5 2.2 1.8 1




nzero.2020 / Energy Performance

(1974)
Primary Energy:

®
388 kWh/m2/y;

(Zero2020)
Primary Energy:

86 KWh/m2/yr
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nZero.2020 / Project Motivation
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Poor
environmental
performance
of the 1974

{SBEM v35.b (SBEM v3.0.b.0)

Building Energy Rating (BER)

BER far thie bullding detallsd bilow Is:

naiing,

__.‘__In——-n-_‘;
o anbsions,

building B B

10000
Aassanor Comparry No.: <insset Employsr Trading Nurbar]
Msscanor Schome:  SEl Intorim AS.

Carbon Dioxide (C0,)
Emisaicn s Indicator

1.0

The less CO,
producad, the loes the
buiding contributes to

LEAST EFFICIENT global warming.
IMPORTANT: Thks BER s tha basls. of data to and by the BER . and
tha verslon of the sssessmant sofwars quoted above. A fulure BER o this bulkding may
ba as a result of changes to the buldng, Its usa or ihe asseesment
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DIRECTIVE 2010/31/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

of 19 May 2010
on the energy performance of buildings
(recast)

REPORT ON THE DEVELOPMENT OF COST OPTIMAL
CALCULATIONS AND GAP ANALYSIS FOR BUILDINGS IN
IRELAND UNDER DIRECTIVE 2010/31/EU ON THE ENERGY

PERFORMANCE OF BUILDINGS (RECAST)

Section 2 -Non Residential

IRELAND

MARCH 2013
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nzero.2020 / Project Builld Specification

Project requirements Solution

Low energy

Naturally ventilated

Minimise disruption to existing
structure

Cannot dislocate staff/students
Live test bed

ASHP connected to radiators,

quadruple glazing, interstitial
blinds, improved air tightness,
heavily insulated

High and low level insulated
louvres (Manual & BMS
control)

New envelope wrapped around
the existing building

Flat pack off site build

Heavily instrumented
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- Existing internal block 100
n BASF Walltite spray foam 86

- Existing aggregate panel 125

n Air gap 30
5

A WN =

Kingspan Benchmark 12
6 ceramic granite panel
_ Kingspan support rail 37
7 7 Kingspan KS1100 125

insulated panel

8 _ AMS support mullion 125
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12mm Ceramic Granite Panel
130mm Insulated Carrier Panel
Carrier Rail

25mm Residual Cavity

Existing Concrete Panel
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<— Fully integrated factory
assembled module

Quadruple glazed unit c/w
sealed triple glazed Argon

filled system/ manual
Interstitial blinds / inner clear

float pane

Integrated insulated
ventilation doors low level
occupancy controlled & high
level BMS automated



Free-running indoor temperature as
no HVAC system is used

The envelope achieved an air
permeability of 1.76 (m3/hr)/m? at
50Pa building pressure. The existing
structure was measured as 14.77

(m3/hr)/m?
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nZzero.2020 / Project Builld Ventilation Module
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nZero.2020 / Project Build (o

Thermal
Break
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nZero.2020 / Testbed features
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nzero.2020 / testbed features Lo SR,
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alr source heat pump _
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 8/320 8/329

wireless Hanwell radio frequency
based data logging system
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1974 386.83 46.43 3.24 16.4 452.57
Zero2020 14.25 45.47 1.91 2.51 64 .14
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Losses Gains
Energy Balance Component

Type Annual Heating Demand Exterior Wall - Ambient Floor slab / basement ceiling  Not useful heat gains Roof/Ceiling - Ambient  Thermal Bridge Heat Loss Windows

Exterior Door Exterior Wall - Ground  Internal gains Passive solar gains Thermal bridge credit Ventilation
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PHPP Predicted (kWh/m?)

I I I I I I I I I I I I
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Energy Source Type Specific Gains . Heating Demand
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Specific building demands with reference to the treated floor area use: Monthly method
Treated floor area 222.5 I’ Requirements Fulfilled?*
Space heating Annual heating demand 14 kWh/(m?a) Zg kWh/(mz2a) yes
Heating load 25 W/m? ’ -
Space cooling Overall specific space cooling demand kWh/(mza) : -
Cooling load W/m?2 - -
Frequency of overheating (> 25 °C) 0.0 % ) -

. Space heating and cooling, 2
Primary Energy dehumidification, household electricity. kWh/(m a) 120 kwh/(m?a)
DHW, space heating and auxiliary electricity kWh/(mza) - -
Specific primary energy reduction through solar electricity 0 kWh/(mza) - -
Airtightness Pressurization test result ng 1.6 1/h 11/h no

* empty field: data missing; '-': no requirement
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nZzero.2020 / Wind & Buoyancy Driven Ventilation
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nzero.2020 / Wind & Buoyancy Driven Ventilation Lo/ BT,
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Tracer Gas Concentration Decay Tests investigating measured
ventilation rates (pre and post retrofit)
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nzero.2020 / Thermal Comfort Evaluation

Wi

(LTI

——

(T

LLTTEIERIT

Ventilative cooling performance 1in a
simulated overheating scenario
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é’ 8
- 2 Bi-directionnal anemometers
E (on x and y axis)
A N A 3 air temperature sensors
(0.1m; 0.6m; 1.1m)
T6
PY Black globe thermometer
\ oo ) Relative humidity sensor
\
Test1 Test2 Test3

-

Study set up / methodology
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1* Preheating room - 26°C

2% Preheating room — 26°C

3 Preheating room — 26°C

4'® Preheating room - 26°C

People are outside the room People are outside the room People are outside the room People are outside the room
v ¥ ¥ v
Test 1: Test2: Test 3: Test 4:
12 windows closed With 6 windows opened With & windows opened With 12 windows opened
No access to the upper part
No access to the lower part Upper pant open Lower part open Lower and Upper part open
Gather data Gather data Gather data Gather data

Survey n® 1 = Surveyn® 2 Survey n® 2 Survey n® 2 Survey n® 2

After 30 minutes in the room After 30 minutes in the room After 30 minutes i1 the room After 30 minutes in the room
v
Calculate PMV and PDD
According to :

IS0 7730-180 7726

Study set up / methodology
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RS.01 RS.02
30 7
Vel =0.05 m/s Vel =0.18 m/s
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nZzero.2020 / What are we learning

* Project requirement :

— a low energy building that could support our
undergraduate in Building Energy Systems and
post graduate research

* Project management

— Building Services consultant appointed as the
project designers and managers to emphasise
priority on energy reduction

* Good decision ? YES




nZzero.2020 / What are we learning

* Localisation was critical for problem solving

— All parties involved were typically within a 40 km
radius of the job
* Design consultant and project managers, ARUP
e Architect, HJ Lyons
* Main contractor, Summerhill construction
e Controls/BMS, ACE
* QS, Dave McGrath Associates

— The only exception was Kingspan
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* Industry support

— Enthusiasm from all stakeholders wrt low energy
demonstration projects is vital
* It pushes the boundaries
* |t challenges standard solutions
* |t produces very good build quality
* Pride in a finished product is a great selling point



nZzero.2020 / What are we learning

* Occupant behaviour

— Natural ventilation under user control will only
work with occupant buy-in to the concept

— Lighting control under user control will only work
with occupant buy-in to the concept

— Motivation for users wears off with time (can be a
very short time in some cases!!!!)

— Positive re-enforcement can have a negative

EffECt! (how do you keep focus on energy reduction before the user gets fed
up with reminders?)




* Low carbon low energy is not the primary goal

— The building must be fit for purpose

— A low carbon, low energy building with poor user
satisfaction is a failure

— Design around the person first



nZzero.2020 / What are we learning

* Claims of low carbon, low energy, good
thermal environment etc are no good without
the data to back them up

— Meter as much as possible

— Monitor internal environmental conditions in as
many places as possible

— If it is a refurbishment project can you get in and
monitor for a significant period pre-refurbishment
in order to establish a baseline




* Warning about monitoring!!!

— Data needs to be analysed, interpreted and
reported

— This needs to be done for a few years post
occupancy

— If you can’t finance this resource then there is no
point in data-logging!
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