http://www.zero2020energy.com/#'home/mainPage

Senior Staff Breakfast Forum
Nov 2" 2012

Zero2020 Test Bed

Daithi Fallon
Head of Department of Mechanical, Biomedical
and Manufacturing Engineering

Paul O Sullivan Marc O Riain Fergus Delaney

Dept of Process, Energy, Transport Eng Dept of Architecture Dept of Process, Energy, Transport Eng

School of Mechanical and Process Engineering  School of Civil and Building Engineering ~ School of Mechanical and Process Engineering
CORK

fq|d INSTITUTE OF
il TECHNOLOGY

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII


http://www.zero2020energy.com/

Zero2020 “Test-bed” @ CIT
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What is the Zero2020 Project?

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

Its mission is to provide a live, controlled testbed environment t X‘BIB're energy
and resource performance through the use of pioneering technological solutions
with emphasis on demonstrating zero energy public sector building in use
operation.
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Zero2020 “Test-bed” Origins

« Two Centres involved in significant external ‘Engagement’

- e CAMMS CPD, Consultancy > 500 Students
u s mﬂgﬁ:’“ * Short Courses, Special Purpose Awards
H S LA * Technical themes related to School expertise
* Client List: SR Technics, HSE, Yves Roche etc.
* Applied Research Centre
e Detailed Motion Analysis
* Biomedical Device Development

* Centres needed to present an outward Iookmg commerual’
face

* Involvement of Building Services Engineering
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Where on campus is the Zero2020 Project?
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Basis for Undertaking Zero2020 “test-bed”

Project

* 80% of the existing building stock will still be in use in 2050.

* Inorder to deliver on long term EU goals of 80% reductions in carbon emissions
by 2050, this 80% of the building stock must form a large part of the focus for
reductions in total demand for energy.

* The Public Sector Building stock must lead by example through the
implementation of optimised strategies for reduction in energy consumption
through focused refurbishment solutions

* Inthe medium term EU 2020 plan calls for all public sector buildings to be low or
nearly zero energy by 2018.
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CIT - 1974 Pre Retrofit Space

No Temperature Control

What do we do in practice?
We finish we leave......

n

High Air Permeability
14.77 m3/h/m?

“

Un-insulated fabric
2.4 W/m2K

“

Summer Overheating

«

Poor Ventilation Control

p

Recessed T5 manual

“

No Energy Monitoring

"

Space Heat Demand
95 kWh/m2a




Design Solution

Existing Energy Performance
* Av. U-Value = 2.4 W/m2K
* Airinfiltration 14.77 m3/hr/m?2

* Glazing ratio 1:3

e  Mould Growth

* No thermal Control

]

* Erratic temperature fluctuations

Design Energy Performance

* Av. U-Value = 0.36w/m2K

e Airinfiltration 1.76 m3/hr/m2 @ 50Pa

* Glazing ratio 1:4

* Ug= 0.6w/m2K

* G Factors- 0.61 & 0.34(excluding blinds)

* Co2 average 500-1000ppm
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b ain External Wall Ground floor

— Results for whole building

Awerage U-value [w/m2 K] ||j,3E;
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b /\ Architectural
> v & Metal Systems

Insulation

Q’Aﬁ Eco

AFTER MUCH DISCUSSION, |
PHENOLIC FOAM IS USED TO

INSULATE EXISTING CAVITY
AND IMPROVE AIR TIGHTNESS

y 2 WALLTITE



FEATURES

High Performance Envelope (Heat Transfer,
Light, Noise, Glare, Heat Gain)

Passive cooling and ventilation strategies
Active Energy Management (BMS)
Dedicated wireless data logging system
2m+ datapoints collected per annum

Full energy use metering and monitoring
Self Contained heating system/strategy
Low Energy Lighting Solutions

High comfort, environmentally stable working
environment
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Education & Research Potential .

DATA COLLECTION AREAS

Project Zere 2020

No. [Name |Status  [Type |Channet 1 |Channel 2 [Channet 3 |
180 | Secetary Office @  (ORHN) 220 61.2
1. Environmental Parameters s T e S prm s o
183 |Medic Room @  (CLRHS) 271 [T
184 |Conference Room @ (RN 206 1.2
2. Metering of Energy Data el by o b 5 =
187 |Modic North Wall / CAMMS Wall ® (©O© 2.1 208
188 |Medic South Wall Internal / Medic South Glass intermal @ (e 26 29
. 189 |Medic West Wall Internal / Medic West Glass Internal @ (O 2017 76
3. Zero2020 Weather Station 190 [Root Siab Edge | Roof Sab Widdle ® O 23 25
191 |Medic West Wall External / Medic West Glass External @ (©© 15.2 145
200 |Medic South Wall Extornal / Medic South Glass External @ (0 B4 ns

. 201 |Medic Room TICOZRH @  (0).CO2 (ppmMRHN) 221 05,0 09
(1.5m+ data-points logged annually) s Soe W 12 $ oo . e
162 |Medic West Wall 151152 & ©© 25 206
165 |Medic West Wall 1SMA1 @ (O 19.8 04
164 |Conference North Wall 151452 @ (0 204 201
161 |Conference North Wall 1S31A1 @ (o 196 19.7
ZERO2020 AS A RETROFIT TESTBED 68 [WEDIC South Wol 154 ® ©O wa 3
167 |MEDIC West Wall 154 @ (U0 NA 15.7
g(:ml«m Room North Wall 154 @ (©© NA 16.1
1. ‘live lab’ approach Hanwell data logging system screen dump

CARadiologf L\ \Loeal\ Cork bt of technologyly | Dual Thesmistee

2. Fully adaptable flexibility with users

3. ‘plug and play’ capability with systems

4. Industry collaboration ‘in use’ testing
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Building Energy Rating Assessment Results

Building Heating Lighting Auxiliary Hot Water Total
(kwh/m?/yr) | (kWh/m?/yr) (kWh/m?/yr) (kWh/m?/yr) (kWh/m?/yr)

Zero2020 Asset Rating - A3
1974 Asset Rating - D2

BUILDING
ENERGY RATING

 A3is based on phase 1 of zero2020 project HER: Moy dagisastn

» Al very difficult to achieve without electrical renewable energy / high efficiency lighting
* Phase 2 covers renewable energy supply systems to meet net zero site energy

CORK
a1 INSTITUTE OF
TECHNOLOGY

INSTITIUID TEICNEOLAIOCHTA CHORCAI



Air Temperature (Degrees Celcius)
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CIT

Initial Environmental Data Findings — Sample 24hr cycle (4t Sept '12)

Internal Air Temp (1974 & zero2020) & Weather Data 4th Sept 2012

Daily Diurnal Cycle (hh:mm)
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Global Solar Radiation Flux (kWh/m?)

Consider 4" Sept 2012:

Similar minimum internal T;,
values both spaces

6.9°C difference in maximum
diurnal values

Peak conditions occur outside
occupied hours for both spaces

Peak solar radiation at 15:00
(solar azimuth & altitude)

Zero2020 diurnal temp
deviation about mean = 1.4°C

1974 diurnal temp deviation
about mean =7.3°C




Next Steps — zero 2020 timeline

Phase 2 —Integration of Renewables

*  Occupancy comfort, energy usage and key
performance indicators being monitored and
logged.

*  Commence data logging and monitoring of
existing building comparative space to provide
control data

* Assess Renewable technologies & Supplement

* Achieve net zero energy usage
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Education: Research Potential e ————————————————————————————

Fie Logs Mode System Repoting EAum

R
@@ 7 x NI e ¢ R W

o
I No. |Name Status (Channel 1 (Channel 2 |Channel 3
1. Environmental Parameters i = o st
81 [CAMMS Managers Office @ 209 ®2
182 |CAMMS Training @ 195 a4
783 |Medic Room @ 71 LX)
2 M t . f E D t 184 | Conterence Room @ 25 62
185 |Floor Slab Bottom / F! Slab T @ 202 04
o s s s . e e
e e e west s @ 1) r e Stk doe | el St e
. 190 |Root Stab Edge / Root Slab Middle ® ©© ":5 ns ::::: ::;‘m:lim’:n:‘l‘l:::‘;:‘::;a(
3 . Ze rozozo Weather Statlon T Wedic West Wal External / Medic West Glass External ® ©o 152 s Medic Roam TICO2IRH
290 |Medic South Wall Extornal / Medic South Glass External @ (©O na ns Medic South Wall IS1AS2
201 |Medic Room n:omn @ (01002 (ppmMRHN) 221 5050 0 uth Wall IS 1A
760 |Medic South Wall ISt1S2 @ o 23 25 S
lenc . . 6 [bedic Souh Wal 153004 : Qs N3 24 " e Wall 11752
162 |Medic West Wall 151152 25 25 onf /al
*  Full plug and play capabilities with metering of systems e re e oo = e o
. ol ey 164 |Conference North Wall 151152 ® ©© 204 00 MEDIC West Wall 1S4
an d a d d -In fl exi b | I |ty 761 |Conference North Wall IS3IA1 ® ©© 196 107 Conference Room North Wall 154
3681 MEDIC South Wail 154 ® o w 3 = 03 LL A REAR & Stab Temp R
%:“"‘ ""::'“'5‘“ . : 2g :: ::: FF03 - LL Alr FRRONT & Stab Temp Front
pLd| onference 2 FF03 - HL Alr REAR & S
. . . . . FF-03 - HI_ At FRONT & 5 .
. lid fd | dels (PO’S PhD) Ao :
Validation of dynamic simulation models (PO’S PhD L s B

Seasor 170

*  Application of PCM in retrofit applications (PO’S PhD)
*  Low Energy Retrofit of loT buildings (MO’R PhD)

*  User Behaviour in Retrofit energy efficiency (MO’R PhD)

*  Post Occupancy & User Behaviour (CO’D MSc)

*  Macro Weather in Low Energy Simulation (JP MSc)

*  Wireless instrumentation location optimisation based
on communications protocol (Nimbus centre)

*  Development of reduced-order physics models for dyn
thermal conditions predictions (IRCSET)

*  Development of embedded PCM technologies in heat
recovery/mechanical ventilation based systems

*  Qualitative Research; POE, Behavioural Analysis, Air
Quality, Thermal Comfort, Health
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Zero2020 Conclusions

e 250m?of original 1974 building upgraded to State of the Art

e CAMMS and MEDIC suitably accommodated with top class facilities
* Low energy (close to passive) standard achieved

* Live Test Bed with Plug and Play Capability Developed

* Space now a ‘living-lab’ for teaching and learning

* Continued data monitoring and comparison with 1974 building

* Solution partially integrated into Block ‘D’ refurbishment

* Commencement of Phase 2, generation of renewable energy

* Pathway to net Zero Energy mapped
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‘Everyone will want one’
Anon, 2012

Open Morning

10:30am 12:30pm

http://youtu.be/Rvcfo03Gp9w
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http://youtu.be/Rvcfo03Gp9w

