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Introduction RLB

The problem

The design of buildings was historically based on strict capital cost budgets. Operation and
Maintenance was not considered as it was a separate budget.

The consequence:
Poor quality buildings
Inadequate or expensive maintenance
Poor environment
Premature dilapidation

Construct Maintain

The government’s response:
Design, build, maintain and handover (PFI)
Environmental standards (BREEAM)
Power consumption (SAP, DEC)
Renewable energy production

How do we design, measure and deliver sustainable buildings?



Major topics RLB

In designing a sustainable building we must consider the following:

Capital
Replacement
Operation
Maintenance
Environment

All these topics impact on each other. A holistic approach is need to understand the effect of a
design decision.
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Holistic approach




4DCM | Four Dimensional Cost Model RLB |Rider Levett Bucknall

1 Dimensional; Functional Unit. E.g. £40,000 / hotel bed.

2 Dimensional: Gross floor area. ; IE based on area (cost per m?).

3 Dimensional: All dimensions accurately measured. Plan shape, structural storey
height, stairs and walls are taken into account.

4 Dimensional cost models take into account time, t the fourth dimension, adding
replacement, operation and maintenance costs.

-+
______

1
1
1 I
1
1 1
1
\ 1
\ 1
\ 1
\ 1
1 A 1
- A 1
[ N H
N 1
\\ 1
A |
p X
IIIIIIIIIIIIIIIIIIIIIIIIII> t ‘




Asset quality RLB

A building is initially maintained in “perfect” condition but then is run pragmatically and
then “run to fail”.

“Steady state” Run to falil

Asset value curve

Maintenance
investment

Painting 5 years
Carpet 10 years
Fittings 15 years
| ~ Mechanical 20 years
30 years 30 years 30 years | 30 years . Electrical 30 years

40 years 40 years 40 years Wallls & doors 40 years
Envelope 60 years
Structure 120 years




Life Cycle Cost | RL B|Ride

ISO 15686 “Service life planning — Part 5: Life cycle costing”

Design & Build Occupancy Disposal
“3 years” “30 - 100 years” “1 Month”

1 Construction
1.2 Other Construction
(Fees, internal)
2 Maintenance 2 Maintenance 2 Maintenance 2 Maintenance

2.1 Replacement
(year HXH)

3 Operation

4 Occupancy

3 Operation

4 Occupancy 4 Occupancy

4 Occupancy

4 Occupancy

5 End of life
(Disposal )

6 Non construction
(F,F&E; IT etc)

Life Cycle Cost = Construction + ((Operation + Maintenance) x life cycle) + Disposal
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Traditional Code 4 construction RLB
Mational average 3 Bed 3 floor 110m? terrace
Life Cycle Cost plan 1 Dated 2nd November 2009

! Elemental Breakdown Capital cost: 98,848 898.62

Elemental breakdown: i Ref Element £ gm % £ Hm %
11  SUBSTRUCTURE
L 1A Substructure 7476 67.96 8
Total Substructure 7,476 6796

BCIS {2 SUPERSTRUCTURE
| 24 Frame o : 0

SfB | 28 Upper fioors 1513 1456 2
{ 2 Root 517 4925 5
{20 Stars 1,660 1527 2

BSf | 26 External walls 13783 12530 14
i 2F  External windows and doors 10,690 arig 1
| 26 Internal walls and parttions 3427 3115 3

NRM | 2H internal doors 1510 14.64 2
Total Superstructure 38220 745 3

US, AU etc [ 3 INTERMAL FINISHES
[ 34 Wal finishes 3,509 3185 4
| 38 Floor finishes 1350 1227 1
| 3¢ ceiing finishes 1,861 16.92 2
Total Internal finishes 6,714 61.04 7
|4 FITTINGS
i 4A Fittings 3532 3211
Total Fittings 1,532 3211 P
| 5 SERVICES
| 5A Santary appliances 3,521 a2m 4 1 SUBSTRUCTURE 7476 6796 8
| 8B Services equipment o ; 0 2 SUPERSTRUCTURE 38220 34745 39
§ 5C Disposal installations 454 413 0 3 INTERMAL FINISHES 6,714 61.04 7
| 50 Water instalations 1,000 9,09 1 4 FTTNGS 3532 3211 4
| SE Heat source 3,385 36,32 4 5 SERVICES 16943 15403 17
| 5F Space heating and sir conditior o - 0 6 EXTERHAL WORKS o - o
| 86 Ventilating systems 1,750 1591 2 OH PRELIMINARIES 25963 23603 26
| 5H  Electrical instabations 5432 4938 5 0C Other Construction costs 0 : 0
{8 Fuelinstallations 241 219 0 Capital Costs Total 95,848 89852 100
| 5J  Lift and corweyer installations 0 ]
[ 5K Fire nd Babdning nrodection 50 50N 1 L I




LCR |
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2.1 Replacement

Each component /
specification has a life
expectancy and
replacement cost.
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Operation and maintenance costs

2 Maintenance
3 Operation
4 Occupancy



LCR |

SMMLCC summary

1 Construction

1.2 Other construction
2 Maintenance

2.1 Replacement

3 Operation

4 Occupancy cost

5 End of life

6 Non construction
4 Income

8

Externalities



Approach

The approach
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Life Cycle Costs | Analysis

Feedback cycle FeedForward Link Analysis chain




Central database |




Revit

Revit is a Building Information Model (BIM).
We are merging our databases with Revit to enable pricing of family objects.



Reuvit | Integration
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Sustainability Enhancements

Outputs

Sustainability Enhancements



Sustainability Enhancements

BIO - Biomass heating
Combined Heat and power (CHP)
Green Energy

Green roof

Grey water

Ground source heating (GSH)
Insulation

Photovoltaic (PV)

Rainwater Harvesting

Solar Water heating

Sustainable materials

Sustainable Urban
Drainage Systems (SUDS)

Tidal power

Wind turbines

Sustainability Enhancement Appraisal
Capital cost v. running and environmental benefits with payback



Sustainability Enhancements Appraisal

Sustainability Enhancements Appraisal is a form of cost / benefit analysis. It calculates the financial
payback but also the environmental benefits such as reduction in CO, emissions.



Enhancements: Summary




Embodied energy




Embodied energy: wood v plastic v metal

Windows or doors can be made from wood, plastic or aluminium.

Wood windows
Sustainable, replaceable
Very low embodied energy: 200 kWh/m?3
Biodegradable.

uPVC windows
Oil is base material (fossil fuel)
Vinyl chloride is highly carcinogenic
Heat is required in manufacture (fossil fuel)
Very high embodied energy: 47,000 kWh/m3
Not biodegradable.

Embodied energy in aluminium : 55,000 kWh/m3



What is carbon neutral?

|deally a building will be “carbon neutral”, that is will not add to CO, emissions.

Creation
Material extraction (or cultivation) =
Transport to manufacturer g
Smelting, cutting, finishing. (+ waste) g
Storage and transport to site %
Construction 3
Installation E
On site processes (+ waste)
Operation 0
Power consumption x Life Cycle S
Or power creation  x Life cycle 2
5

Removal / demolition
Power consumed in demolition
Credit for reused material



Case Study

“Typical” 100 m? house

Life Cycle Cost and environmental impact



Case study: Background
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Case study: External wall specifications

Typical wall specifications

1930s | Building regulations Code 4 Code 6
[ ) R ) )

Render 20
Cavity 50 50 50 0
Insulation 0 50 100 130
Inner skin (“Block™) _ 100 100 215
Plasterboard 12 12

Plaster 12 12
Total thickness 266 316 364 377
U value 2.4 0.3 0.25 0.15
CO2 emissions (House) 6.6 3.2 2.0 “zero”




Case study: Approach

We have used the Four Dimensional Cost Model (4DCM) to produce the Life Cycle report.

This calculates the areas of walls, floors and roof etc and then attaches a specification from a
multi attribute description library. In addition to specification, rate and unit of measurement each
item has associated life expectancy, mass, volumetric conversion and embodied energy values.

This allows to us to calculate;:

Capital cost

Replacement cycles and cash flow
Operational costs pa

Maintenance costs pa

Environmental: Embodied energy

Power consumption (using a SAP module)
CO, emissions




Case study: Typical house

Cost
Construction (Prime cost) £ 100,000 £ 1,000/m? (Inc site works)
+Preliminaries, design & contingency £ 30,000 £ 300/mz
+Client costs (FF&E) say £ 30,000 £ 300/mz

SMMLCC summary

1 Construction £ 130,000
1.2  Other construction £ 30,000
2 Maintenance £ 6,600
2.1 Replacement £ 51,480
3 Operation £ 44,113
4 Occupancy cost £ 0
5 End of life (excluded) £ 0
6 Non construction (excluded) £ 0

Total over 60 years £ 251,593

The terminology follows the guidelines in ISO 15686  -5:2007(E) "Buildings and constructed assets — Servi  ce life planning — Part 5: Life cycle costing"



Case study: Environmental

Each component has been evaluated for the embodied energy dependant on material.

Construction 1253,358 MJ 110t CO,
Operation 1.681tCO, pa 101t CO,
Total emissions over 60 years 211t CO,

Equates to 0.03517 t CO, /m? per annum

Code for Sustainable Homes rating

Code 4



Summary flysheet

Summary



Summary

We cannot ignore the issues of sustainability.

Population growth

CO, emissions

Fuel and water shortage

Power capacity and security
Scarce or unaffordable materials

The construction industry has the tools to solve these problems:

Life cycle modelling

Building Information Models (BIM)

Power consumption in operation and creation
Optimising component life expectancy
Efficient and effective design

| now
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