Thoughts on Services Engineering
Strategies for a Low Carbon Future

David Fullbrook




‘Pasting over the construction by
light and acoustic material and the
burying of tortured and unwanted
ducts, conduits and pipelines is
intolerable’






‘How will your building perform if it
has to run on half as much energy as
you expect it to need’

Fred S Dubin



Something should be said and done about such
architecture as this, or there will be no future
for architecture.’

Dr Edith Farnsworth



It’s not just about the way a building looks its
also about how it performs



improvement in the performance of

15 years

in the next 10

our buildings




The use of emerging services
technologies from the 50s onwards
assisted the era of the possible.

¥ =01
|~
|
; ' i
'.
f
fl




Can the avoidance of or development of
traditional services technologies recreate
a new era of the possible in a low carbon
future?

i



It can make an otherwise uninhabitable architectural design habitable.
It has a major influence on its occupants (and clients) satisfaction with a
building

It accounts for roughly 7-8% of energy use in New Zealand

It can occupy 5-6% of the gross floor area

It can occupy 300mm to 700mm in section at each floor level

It can account for 10 -15% of the initial construction budget.

It consumes 30-40% of a buildings energy use

It needs to be replaced every 25-30 years and is the largest whole of life
cost

As such HVAC is one of the largest determinants of unsustainable building
design



Its easy to go wrong at an early stage.

When the first 1% of projects up-front costs
are spent up to 70%, of its life cycle costs
may already be committed.

So what are the underlying needs for a
HVAC system?



Underlying needs
for HVAC

Push back by design

65- 75%

Comfort heating, cooling
and ventilation

o Llarger offices ~ 23-35%
e Shopping Centres

e Large Hotels

e Performance Spaces
e Assembly Spaces

e Hospitals

e Laboratories
Minimise and Mitigate

Regulate

Increasing
Control and
Energy Use

Mitigate by green technologies




al Ventilation

Comfort Range 'u-q:'h__tlmu{ﬂﬁ'fur

indoor operative temperature (°C)

mean outdoor air temperature T nq (°C)

Adaptive comfort model






Buildings have generally becoming
hallower and more environmentally
responsive
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Perceptions of building quality are
changing

Property Council (=
New Zealand o

ZEALAND
GREEN
BUILDING




Our temperate climate
is ideal

Cooling

B Zone:
B Zone 2
B Zones

leutral /
Wind

Water _— |

Heating

Mass

» Light




What does this mean for buildings in a
low carbon future?




Global
Consensus

Climate
change
agreements

Kyoto

Environmental
movement

National
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Energy security of

supply

Climate Change
commitments
and policies

Regulation

Taxation
mechanisms

Regional
I Government
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Local
I
Government
Environment I
Infrastructure Infrastructure
Land use Land use
/planning /planning

Sustainability
Frameworks

Sustainability
Frameworks

Rates Buildings

Rates

Individual

Personal
choice

Personal
actions

Community
commitment
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THE AUCKLAND ReGION IN THE 21 CENTURY



New Intensification — Equity, Community
energy/carbon, food, multi - mode transport
options and environment/design quality




Cradle to cradle regeneration
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Target Carbon
neutrality or
Carbon Positive




Smaller but smarter
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e Living spaces are between 18-25°C (WHO
recommendations) for 92% of the year'

_the bedrooms; > '_

-ﬂ.".' -

o Minimum average monthly temperature fon

S "*‘July is 18°C in the living space and 16 C in the

studio




Energy Exporting
e Solar radiation on site : 600,000 kWh
® Passive solar gain: 30,000 kWh
?"j{ﬁ"'.":-{-P_\I/_k_,_rgeneration : 5000 kWh
» SWH : 2500 kWh

i LEG
~=» House hold energy use : 6,000 kWh

. < Netenergy exported : 1500 kWh
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Commercial

Target
50kWh /m?2
average




Reconsider our city demographic and
real estate solutions

97.2% (463,278) of enterprises in New Zealand employ 19 or fewer
people.



Deliver Space and Energy Efficient Real

Estate Solutions

92 kWh/m2/yr

Best Pralctice AJC Best Pralctice AJC

Best Practice Best Practice
Natural Ventilation I Natural Ventilation

113 kWh/m2/yr 99 kWh/m2/yr 60 kwh/m2/yr 1149 kWh/m2/yr 1780 kWh/m2/yr 2185 kWh/m2/yr 900 kWh/m2/yr




9
Q)
@)
-
@
—t
@
3.
(@)
-
@

LooLED ;
SUEFALES BERn DAL LA TN
SECTIN
soscesen |
LILATSUCLE
HitH  PERFFMEM ML
: . WINDOW  SfSTEM
. WITH InSTE LA,
. s Blinb 4 INTERRALLT
Ervigoy MENTALLY - H VENTILATED
RESfeNSIVE | : 1 N AT
oRic STA T -
| =
« BLINDS
o LIenT zg 'S PHEToVOLTALC
THeemAL CLADDIN —
: v u ELEMENTS
* AR BUAMLTY
¢ LoD SCLEEN
*INTECR A
,;sz;‘m . PrHVMIDIFED
FAX /topipe WORKSTATIIN Al SWPPLT
SuPPLT MR OL To MTIVE
SA5TEM-

CEILInGr ELEMENTS

Task conditioning.

We only occupy 20% of a buildings
volume yet we condition 80% of it.



Open Building Forms
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Advanced natural ventilation solutions
Ormiston Senior College
Monodraught Wind Catchers with Solar Boost




Mixed Mode strategies for larger buildings

Natural ventilation and air conditioning .|
strategies work together at all times \g~ Roof ventilaion toser
throughout the year. Aircool louvre Air conditioning urit z
-~ A
|
77 Rt

First floor in winter < ’
Air conditioning heats the space, with
natural ventilation providing fresh air, 1 \,
eg winter morning.

Stairwell

Winter 5°C

Ground floor in winter
High heat loads inside the building require

cooling. This is provided free of carbon 1 j
emissions and al no cost by natural

ventilation, eg winter afternoon.
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First floor in summer

Air conditioning cools the space; fresh air is . / A ‘
supplied by the Afrcool natural ventilation \» J 3 3 A Z 3

louvres, eg summer afternoon.

summer 19°C

Ground floor in summer
The ambient temperature is low enough to
provide free cooling using natural e Lo

ventilation and there is no need for the air : P e A

conditioning to run, eg summer V = -—

morning following night time cooling.

Stairwell -y y W'
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Mixed Mode strategies for larger buildings

Conservation House - Wellington
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More efficient air conditioning
technologies

cading plenum

82°F (258'C)
......... J, reerrnrrner: SUBHTCAUIGN [BVBE - e es e e
uniformmly
TE'F(24°C)
[ r
| f \
L
65'F (1ec U Ufiffuser Y
flcor slab
Copper channels Cold water Dsparnsing Zone Hozzles
Cleaning hatch
Coanda ef
Aluminium nks
Cooling battery
Channgl side

Cooled air

Dietachable underside

Warm room air
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System Ranking (initial Ranking (25yr

Capital Cost) Whole of life Cost)

Low flow VAV 4 2

Chw Fan Coil with 1 7
elec reheat

Chw Fan Coil with 3 6
warm water
reheat+HP

VRF/VRV 2 5

Active Chilled Beam 5 3

Passive Chilled 7 4

Beam/Displacement
ventilation and
perimeter heating

Underfloor 6 1



Burwood Landfill

Integrated energy and low
carbon solutions
Christchurch Civic Building
Carbon Neutral Landfill Gas
Heating, Cooling and
Electricity Tri - Generation
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Using ambient energy sources
Viaduct Events Centre Seawater Heating and Cooling System
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EMBODIED ENERGY (GJ)

Embodying Technology

25000

20000

15000 —  MInitial (4.54 GJim’)
025 Years (2568 GJ/im’)

10000 1 150 Years (6.55GJim)
W 100 Years (14.74 GJim')

5000 |

Site Work Strueture Envelope Finishes Services Construction
GCOMPONENT




Taking the F out of refrigerants

In our rush to make
refrigerants zero ozone
depleting we have ended up
with some dogs which are
inefficient and have significant
global warming potential.
There are natural alternatives
but they have downsides in
turns of cost, toxicity and
flammability




We need to improve the performance of our
existing buildings,
We cant rely on new buildings




Making a life cycle difference to

existing buildings =~
@ untouched y, ( E:‘g:;r;ge l
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O new build \
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Out Out Out Out Out
10 Yrs 20 Yrs 30 Yrs 40 Yrs 50 Yrs

Timeline



Reconsidering how we consult

eCubed

True Green - Our promise, the real thing!

Not greenwash or ticking boxes but proven lifetime environmental performance

—from cradle to cradle

Turnkey from

cradle to
cradle
Green )
~ Green Results driven
Lifetime Care -~ ) = = = = =
- Performance
~

Touching every ™ -
point in the life
cycle

—
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Green Performance

Complete building modelling and prototyping
«Environmental rating assessment/accreditation
«Environmental / waste management
plans/auditing

«Independent commissioning

*Building tuning

*Energy, water and waste auditing

«Post occupancy / productivity evaluation
*\Value cases, cost benefit analysis, life cycle
analysis

Green Lifetime Care

*Performance contracting

«Continuous commissioning

*Building check-ups + auditing

sPortfolio benchmarking and asset planning
«Carbon footprinting / ETS performance




Reconsidering how we design

Project Start-up
Design Brief

Visionin: Define
9 Performance
Workshop Targets

Identify
Design
Objectives

Initial
Costing

Concept Design

l

Preliminary Design

I

Developed Design

]

Detailed Design

l

Tender Documentation|

Concept
Design
Complete

Site
Assessment

Project
Start-up

Star Pre-
Assessment

DESIGN
OBJECTIVES

‘Commissioning
Auditng

Preliminary
Design
Complete

Focused
Design
Workshops

Consultation
& Engagement

Construction
Complete

Developed
Design
Complete

Star
Assessment

Detailed
Design
Complete

Construction

Completion

From linear programming to integrated whole building
design
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Climate stabilization period

World CO: Emissions need
to start dropping
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‘ 50 Year Building Life

2005 2010 2015 2020 2025 2030 2035 2040 2045 2055
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Forest land

Energy land

Grazing land

Fishing land

Urban land




Taki

Home energy 200
Private transport 157
Public transport 5
Waste 0.5
Food 1000
Total 1362
Per Person 340
Approx 4 tonnes pa

onal responsibility
rl w il IwINIIIL W ,
® Home energy 30
® Private transport 41
® Public transport 0
® Waste 0
® Food 200
® Total 271
® Per person 136

® Approx 1.6 tonnes pa



Design is not making beauty,
beauty emerges from selection

---------------- ,‘

affinities, integration, love.”

Louis Kahn



