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Introduction

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 Construct Maintain
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� Poor environment
� Premature dilapidation

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?

Construct Maintain



Major topics

In designing a sustainable building we must consider the following:

Capital
Replacement 
Operation 
Maintenance
Environment 
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All these topics impact on each other. A holistic approach is need to understand the effect of a 
design decision. 

We can not measure capital cost alone

Environment 



Holistic approach
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4DCM  | Four Dimensional Cost Model

2 Dimensional: Gross floor area. ; IE based on area (cost per m2).

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

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

Asset value curve

Run to fail“Steady state” “Tick over”
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Structure 120 years

Envelope 60 years
Walls & doors 40 years

Fittings 15 years
Carpet 10 years

Painting 5 years

Mechanical 20 years
Electrical 30 years

Asset value curve

Maintenance 
investment 

10

15 years 15 15 15 15 15 15 15

60 years

120 years

60 years

30 years 30 years

40 years

20 years 20 years 20 years

5 55 5 5 5 5 55 5 5 5

30 years 30 years

40 years

20 years 20 years 20 years

40 years

10 10 10 10 10 10

5 55 5 5 5 5 55 5 5 5

10 10 10 10 10



Life Cycle Cost | SMLCC

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

1 Construction

1.2 Other Construction
(Fees, internal)

2 Maintenance 2 Maintenance

2.1 Replacement

Design & Build
“3 years” 

Occupancy
“30 - 100 years” 

Disposal
“1 Month” 

2 Maintenance2 Maintenance 2 Maintenance
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Life Cycle Cost = Construction + ((Operation + Maintenance) x life cycle) + Disposal 

5 End of life
(Disposal )

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

3 Operation 3 Operation

2.1 Replacement
( year “x”)

3 Operation

4 Occupancy 4 Occupancy 4 Occupancy

3 Operation

4 Occupancy

3 Operation

4 Occupancy



LCR | Capital cost

1 Capital cost

Elemental breakdown:

BCIS
SfB
Bsf
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Bsf
NRM
US, AU etc



LCR | Life Cycle Replacement

2.1 Replacement

Each component / 
specification has a life 
expectancy and 
replacement cost. 
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LCR | Operation and Maintenance (FM cost)

Operation and maintenance costs 

2 Maintenance
3 Operation
4 Occupancy
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LCR | SMLCC Main headings

SMMLCC summary

� 1 Construction 
� 1.2 Other construction
� 2 Maintenance
� 2.1 Replacement
� 3 Operation
� 4 Occupancy cost
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� 4 Occupancy cost
� 5 End of life 
� 6 Non construction 
� 7 Income
� 8 Externalities



Approach

The approach

����



Process flow chart
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Sustainability | Capital v Operation v Environment
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Life Cycle Costs | Analysis

R
econciliation

Feedback cycle FeedForward Link
R

econciliation

Analysis chain

����
R

econciliation

Feed
Back

D
at

a

D
at

a

Feed
Forward

F
ee

db
ac

k

R
econciliation

Feed
Back

Feed
Forward



Central database | SharePoint
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Revit

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

Quality: Designers Cost, Time, specRevit (*.RVT)

Object Based on position Floor X

(m)

Y

(m)

Z

(m)

Truss1 Truss “A” A:A 1:5 +2 10.3 5.60 0.003

Truss2,3,4, B:B 1:5 +2 0.30 0.30 4.00

AHU A:A 1:1 +1 1.00 1.00 1.00

Door 1 B:B 1:1 1:2 0.30 0.30 4.00

B
IM

: A
rchitect

B
IM

: S
tructural

B
IM

: M
&

E

B
IM

: Q
S
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Object Detail Cost

£

Life

Years

Spec Other

Truss “A” 500 70 Softwood

Bath “A” 100 15 Plastic

Door “A” 300 45 Hardwood

Supply chain
Family files (*.RFA)

J
e

Database

J
e

Reports

Application 
Programming 

Interface
(API)



Sustainability Enhancements

Outputs

Sustainability Enhancements
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Sustainability Enhancements

BIO - Biomass heating

Combined Heat and power (CHP)

Green Energy

Green roof

Grey water

Ground source heating (GSH)

Insulation

Photovoltaic (PV)
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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 CO2 emissions.
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Enhancements: Summary
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Embodied energy
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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/m3

� Biodegradable.

uPVC windows 
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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?

Ideally a building will be “carbon neutral”, that is will not add to CO2 emissions. 

Creation
� Material extraction (or cultivation) 
� Transport to manufacturer
� Smelting, cutting, finishing. (+ waste) 
� Storage and transport to site 

Construction
Installation E
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� Installation 
� On site processes (+ waste) 

Operation
� Power consumption x Life Cycle
� Or power creation x Life cycle

Removal / demolition
� Power consumed in demolition 
� Credit for reused material 
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Case Study

“Typical” 100 m² house

Life Cycle Cost and environmental impact
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Case study: Background
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Case study: External wall specifications

Typical wall specifications
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1930s Building regulations Code 4 Code 6
Facing brick 102 102 102

Render 20

Cavity 50 50 50 0

Insulation 0 50 100 130

Inner skin (“Block”) 102 (brick) 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:
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� Capital cost
� Replacement cycles and cash flow
� Operational costs pa
� Maintenance costs pa
� Environmental: Embodied energy

Power consumption (using a SAP module)
CO2 emissions



Case study: Typical house

Cost

� Construction (Prime cost) £  100,000 £  1,000/m²    (Inc site works)

� +Preliminaries, design & contingency £   30,000 £    300/m²

� +Client costs (FF&E) say £   30,000 £    300/m²

SMMLCC summary

� 1 Construction £ 130,000

� 1.2 Other construction £   30,000

� 2 Maintenance £     6,600

����

� 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 110 t CO2

� Operation 1.68 t CO2 pa 101 t CO2

� Total emissions over 60 years 211 t CO2

� Equates to 0.03517 t CO2 /m2 per annum
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Code for Sustainable Homes rating

� Code 4



Summary flysheet

Summary
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Summary

We cannot ignore the issues of sustainability.

� Population growth
� CO2 emissions
� Fuel and water shortage
� Power capacity and security
� Scarce or unaffordable materials

The construction industry has the tools to solve these problems:

Capital

M
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� Life cycle modelling
� Building Information Models (BIM)
� Power consumption in operation and creation
� Optimising component life expectancy
� Efficient and effective design

When must we act? | now

Other presentations
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End
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FinancialFinancialSocialSocial EnvironmentalEnvironmental

The seven pillars of wisdomThe seven pillars of wisdom
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