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MaTriD Process Guide

Integrated (Energy) Design (ID)
is a term given to a collaborative
approach towards optimising
a building design to achieve
minimal operational energy
while delivering the client’s brief.
ID promotes early involvement
from the core design team to
understand and refine the brief
and then explore various concepts
to deliver this through an iterative
design process. The success
of the process lies in the key
principle that opportunities to
positively influence the building
performance are greatest and
least costly during the design
phase, while later changes can be
disruptive and expensive and often
lead to ‘bolt on’ technologies with
higher running costs in an attempt
to deliver the same level of energy
performance.
EU EPBD requirements to deliver
Nearly Zero Energy Buildings
(NZEB) by 2020 promote fabric
energy efficiency and the
consideration of lifecycle costing
(rather than simply capital cost)
to ‘passively’ make buildings as
energy efficient as possible. It
follows that the remaining building
energy demand should be easier
to meet with low carbon and
renewable technologies. These
are the principles embraced by
Integrated Design, hence it is being
promoted as the preferred means
of achieving NZEB aspirations
across Europe and the UK.

Background
In the UK, ID is a logical combination of two agendas that have been
widely promoted across the construction industry – sustainability
and partnering. Sustainability is driven throughout government policy
and is implemented via Building Regulations and complementary
certification schemes such as BREEAM – the BRE Environmental
Assessment Method for non-domestic buildings, the Code for
Sustainable Homes for domestic applications and most commonly
CEEQUAL - Civil Engineering Environmental Quality assessment for civil
engineering projects. These certification processes cover a wide range
of environmental criteria, including energy performance, all of which are
generally best considered early in the design process.
The drive for partnering and collaborating working was borne out of
government reports such as the Latham Report and Egan Review, which
called for increased collaboration and a reduction in confrontation
across the construction sector. These reports highlighted the benefits
to all parties of adopting a less adversarial approach to the delivery of
construction projects.
Following an ID approach therefore helps project teams to embrace
the principles of collaborative working and ensures that energy and
sustainability issues are embedded at the earliest stages of the design
process. The adoption of Building Information Modelling (BIM) can
help facilitate the ID process. BIM is a coordinated set of data about
the design (often in 3D), which is developed by the whole design team.
The UK government is promoting the use of BIM to enable closer
collaboration between design teams and will require all government
procured buildings to use BIM by 2016.

Key principles of Integrated Design
The ID concept is based on the proven observation that changes and
improvements to a building design are relatively easy to make at the
beginning of the design process, but become increasingly more difficult,
disruptive and costly to implement as the construction process evolves.
Figure 1 shows how the scope to influence the building performance
and the cost and disruption vary in relation to each other over the
course of a typical construction project. Traditionally, the majority of
the work effort from the project team will take place during the period
of technical and specialist design. The fundamental building design
would be fixed and the contractor’s delivery team, including M&E
Engineers etc, would elaborate on how the architect’s designs should
be implemented in practice. However, there are many opportunities
for simplifying and streamlining the building’s M&E components
(amongst other aspects) if they are considered earlier in the process. For
example, lighting requirements will depend on designed-in daylighting
and shading, heating loads will depend on the extent of external and
internal gains brought about by the layout and anticipated use of space
from the initial designs. By shifting the work effort and ensuring key
design team members collaborate earlier in the process, there is more
scope to cost effectively optimise the long term performance of the
building while meeting the client’s objectives in a cost effective way.

Table 1: Estimations of increased or reduced costs at each stage of a building’s
lifecycle, related to the implementation of ID

Tasks

Costs

Concept and Pre-design

5 -10 % more

Detailed engineering

< 5 % more the first projects
5-10% less in the next projects

Building costs

5 – 10 % more

Operational costs

40 – 90 % less

Building faults

10 – 30 % less

Recent findings from the World Green Building Council support that the
design and construction of a ‘green’ building does not necessarily need
to cost more as long as cost and environmental strategies are integrated
from the very start. It is also found that green buildings have increased
marketability and can improve occupant health and productivity.

Benefits of integrated design
Improved energy performance

An integrated design approach will combine smart, passive design,
space planning and thermally efficient building fabric to first reduce the
intrinsic energy demand, combined with highly efficient mechanical
systems to provide a cost-effective alternative to ‘bolt-on’ systems
installed on an otherwise under-performing building.

Optimising the building form and fabric to embed low energy principles,
i.e. taking advantage of solar and internal gains, natural lighting,
ventilation and shading (in place of active cooling), etc., may be done
through cross-discipline collaboration.

When considered from a lifecycle perspective (considering both
environmental lifecycle analysis – LCA and lifecycle cost – LCC), this
increased effort can be readily justified. Over the life of a building, the
running costs will be higher than the construction/ refurbishment costs.
Hence, effort made during the design to reduce the longer term running
costs should readily pay for itself. Experience from the implementation
of ID on projects (Table 1) shows that, although initial investment costs
may be around 5% higher, annual running costs can be reduced by 4090% through the improvement of the fundamental building design.

During the integrated design process, passive design techniques
are given priority over advanced mechancial systems and control
mechanisms. HVAC systems generally have high embodied carbon and
simplification of such systems allows this impact to be reduced.

Reducing embodied carbon

Improved indoor climate
The building and its mechanical systems are designed to work together
from the outset to deliver the desired indoor air quality and comfort
factors, rather than systems being introduced after the initial design to
try to manage the indoor climate conditions in potentially less than ideal
circumstances.
Reduced running costs
Typically more simplified mechanical systems will be more cost effective
in terms of the investment cost for manufacturing and installation and
also in terms of running costs and ongoing maintenance.
Reduced risks
The collaborative design approach embodied within ID reduces the risk
inherent in building design and construction processes through better
coordination at early stages in the design development and a better
understanding of the underlying design principles by all key parties.
Higher value

Figure 1: Early
design stages offer
opportunities for
large impacts on
performance and
the lowest cost and
disruption. Therefore
a shift of workload
to enhance the
effort in the earlier
stages should pay off
over the lifecycle of
the building.

Higher performance buildings can offer increased value for both the
building owners and tenants. Increases in building performance
provide a buffer against energy price volatility, reduce operating
costs, provide increased employee satisfaction, lead to greater tenant
retention and, with the culmination of all of the above, increase a
building’s market value.
Reputation and exposure
A ‘green’ image can benefit the building owner or tenant organisation
by their association with the ethos and principles on which the building
was based.

Current barriers to integrated design

Benefits of integrated design

Traditional ways of working and conventional thinking

In order to identify the optimum building design and performance,
alternative solutions are developed and scrutinised by an integrated,
multidisciplinary team. At a minimum, this will include the client,
architect and M&E engineer, plus additional consultants depending on
the demands of the project, such as a Quantity Surveyor (QS), structural/
groundworks engineer, BREEAM (or equivalent for relevant certification
schemes) Assessor or Accredited Professional. The aim is to make
informed choices about the scheme design based on the evaluation
of design proposals in the context of the project goals. The approach
follows the principles of environmental management set out in ISO
14001 of setting goals, developing an evaluation plan and milestones
for follow up.

The UK construction industry has historically been slow to adapt to new
ways of working. ID requires design and decision making processes that
challenge traditional habits and require improved communication skills.
The main challenge will be in the way professional appointments are
made to bring key personnel together at a sufficiently early stage prior
to the award of the main construction contract.
Perception that the ID process costs too much
Construction costs are generally more important to developers than
lifecycle cost, since the developer will not usually reap the benefits of
any running cost savings. However, if the increased up-front costs can
be reflected in the sale or leasing costs (on the understanding that the
occupants’ running costs will be reduced) the developer model may
change.

The second main principle of the ID process is to intrinsically favour
meeting the requirements of the building through design solutions
rather than through additional building systems.

Time constraints during initial design phase

The following process is aimed at facilitating the collaboration
between stakeholders in order to allow the integration of low energy
architectural solutions to be embedded into the design. Goal setting
is emphasised as an important step, irrespective of the scale and
complexity of the project, since the process that follows will depend
on the goals set and to what extent they are understood by the team.
It may be beneficial to appoint a ‘design process facilitator’, (a role that
would be familiar to a BREEAM Accredited Professional (AP) if BREEAM
were also a consideration on the project) to lead the ID process and
coordinate the activities.

Developers may not understand the additional value that may be
brought about by thorough planning and may simply expect rapid
building concepts to allow them to tender for a delivery partner. It may
be challenging to convince the developer that the initial stages are
crucial and should be capitalised upon to deliver their objectives more
efficiently.

Figure 2 gives an overview of how the ID process fits with the traditional
RIBA work stages. This is elaborated further in the steps that follow.

Figure 2: Overview of the ID process according to the typical RIBA Plan of Work
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contracts and consider ID
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- Project Team to extend
Project Brief to specify
intended measurable project
goals/ targets as Project
Metrics
- Project Team collaboratively
develop initial Feasibility
Studies to assess options

- Prepare multiple Concept
Designs that meet the Initial
Project Brief through
collaborative workshops and/
or co-locating the Project Team

- Develop preferred design as
a Project Team collaboratively
to ensure balanced
prioritisation of different
building demands

- Hold regular reviews as part
of collaboration to analyse
Concept Design proposals
against Project Metrics and
Initial Project Brief

- Confirm preferred design
delivers against Final Project
Brief and Project Metrics prior
to submission of Planning
Application

- Refine Initial Project Brief into
Final Project Brief and finalise
Project Metrics

- Ensure Change Control
Procedures capture Project
Metrics

- Client & Project Team to
jointly select preferred
Concept Design to develop

- Develop preferred technical
design as a Project Team
collaboratively
- Regularly review design
against Final Project Brief and
Project Metrics, especially
prior to submission of Building
Regulations Submission
- Communicate Project
Metrics and collaborative
working to new Project Team
members, including for
performance specified work or
specialist packages through
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- Communicate Project
Metrics and collaborative
working to new Project Team
members
- Develop specialist design
collaboratively to ensure
specialist elements are not
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influencing optimum delivery of
Project Metrics and Final
Project Brief
- Confirm preferred specialist
design delivers against Final
Project Brief and Project
Metrics prior to construction
stage

- Communicate Project
Metrics to Site Operatives
- Use collaborative working to
resolve Design Queries from
site within Project Metrics
- Compile Building Manual
throughout duration of
construction works
- Commission systems,
incorporating performance
testing against Final Project
Metrics where possible

- Communicate Project
Metrics and designed building
optimum operational methods/
assumptions to Building Users
- Consider post occupancy
monitoring against Project
Metrics to inform Building
Users and Project Team

Step 0: Project development
0.1 – D
 iscuss project ambitions and challenge the initial client
brief
The first stage will be to discuss the initial demands from the client and
establish some key aims and goals. These may include specific energy
ratings, NZEB targets and/ or BREEAM classifications (or similar) through
to client or tenant occupancy needs and preferences. A presentation on
lifecycle costs may also be appropriate to help clients see an enhanced
business model beyond simply short term profit.
Examples of questions that may be posed to the client and, as soon
as possible, future tenants to help develop the project brief regarding
sustainability issues:
–– Does the organization have an environmental policy?
–– What image should the building convey?
–– What are the requirements with respect to indoor environment
(lighting, air quality, temperatures and noise)?
–– What are the client’s commercial goals and what are the economic
constraints or profit demands (e.g. payback time, investment cost,
etc.)?
–– What are the client’s views on the balance between time, cost and
quality?
0.2 – Appointing the Team
ID does not require any specific contract type, but some types are better
suited to its adoption than others. Contracts that make provision for
‘partnering’ clauses (such as NEC and forms of JCT) provide for the most
favourable contractual conditions for the ID process. Where used, these
clauses will encourage (indeed often technically require) a collaborative
approach between consultants to facilitate teamwork across
contractual boundaries. This captures the aims of the ID approach and
therefore provides the most supportive contractual arrangements.
At the other extreme from partnering contracts, ID can still be delivered
through Design & Build contract forms (such as the JCT DB’11 and
related). In these circumstances delivery of the building design tends to
adhere more closely to key contractual stages and requirements, and
it is therefore of particular importance that the Client Brief, key Goals/
Measures and the specific items of importance in the design at novation
are clearly and unambiguously recorded in contract documents. It may
be appropriate in this form of contract to ensure any consequences of
failure to deliver specified goals/measures are quantified as well.
Any form of contractual appointment may include some form of
performance contracting, although this is more likely in partnering
arrangements. Performance contracting relates to the client paying the
team according to achieved or exceeded goals; if the building does not
achieve its intended targets, the design team or contractor pays a prorated penalty, whereas if the building performs better than expected
the design and contracting team receive a bonus. The concept of
performance contracts is in its infancy in the UK, largely as a result of
the overlapping responsibilities for the core team making it impractical
to identify and quantify who has under or over-performed and by how
much. However, provided goals set are measureable and achievable, it
is not impossible that moderate bonus payments could be considered
above a base-level fee for exceeding certain specified goals in order to
incentivise success.

Step 1: Design development 				
(RIBA Stage 1/ A)
1.1 – S
 elect a multidisciplinary design team motivated for close
cooperation and openness
A team should be assembled that are skilled in their relevant profession,
but they must also be genuinely motivated to buy into the process
and to work in close collaboration with the other partners. Depending
on the project scale and complexity, it may be valuable to appoint
an ID facilitator to manage and guide the process. This may also be
necessary where neither the client nor the architect are familiar with the
collaborative design route. It is generally advisable that the facilitator is
independent of the other contributing parties to guarantee effective
coordination and management and to avoid and resolve any problems
of vested interest. There may also be a need for more specialised
team members, e.g. for ecology, daylighting, controls, etc. and the
expectations of such members should be defined early in the process.
1.2 – A
 nalyse the site and other boundary conditions
All projects have a set of boundary conditions and contextual issues that
affect the design goals and the process that is followed. Key to these
will be any conditions set by Planning Authorities or Building Control.
Examples of issues that should be identified and discussed include:
Location and site
–– Integration into urban environment (surrounding buildings as well as
future buildings), local architecture and surrounding landscape
–– Orientation of the site; solar gains and wind conditions
–– Natural resources on the site or in the close vicinity; solar energy,
geothermal energy, sea/lake water, etc.
–– Surrounding traffic, noise and air quality
–– Infrastructure – transportation and energy supply (e.g. district heating
system) etc.
Trends and Market
–– What is the intended return on investment?
–– What are the expected future energy prices and level of interest?
–– What are the expected future environmental regulations for buildings
(e.g. carbon-taxes, labelling systems, codes, etc.)?
–– What are the expected future user demands with respect to
environmental performance and building quality?
–– What are the expected technological advances that may influence
the environmental performance of buildings (e.g. information and
communication technologies)?
1.3 – R
 efine the brief and specify the project ambitions as
functional goals
The broad initial demands of the client should be interpreted into clear
performance targets and design criteria in the final brief. The goals
should also be prioritised so it is clear to the design team how to allocate
resources. The client is obviously a key player in the goal-defining
process and their commitment to support measures for NZEB is crucial.
Goals should be functional and not overly specific. For example, a goal
should be to create a pleasant and high air quality indoor environment,
rather than to set specific demands on air change rates or technological
solutions to be employed, as this would undermine the flexibility of the
team to deliver an optimised solution. Such functional demands will give
more freedom during the design phase and open up the potential for
more flexible solutions that are likely to pay off in the long term. That
said, applying quantitative criteria where reasonably possible is advisable
in order to make it easier to demonstrate that a goal has been achieved.
At this stage, sketching up physical solutions should be avoided so the
project team do not become too invested in any one solution too early
in the process.

Step 2: Iterative problem solving 		
(RIBA Stage 2/B)

Step 3: On track monitoring 			
(RIBA stage 3/C to 5/E)

2.1 – F acilitate close cooperation through workshops/ colocation

3.1 – U
 se goals/ targets as a means of measuring the success of
the design

Workshops should be held to allow design issues to be discussed
between the architect, engineers and other relevant experts. In some
cases, it may be best to foster a spirit of cooperation by sharing an office
space during the process, allowing issues to be addressed quickly and
spontaneously with all relevant parties present.

The initial goals and targets that were set need to be followed
throughout the detailed design process and through into the
construction phase to ensure that the activities are implemented as
planned. Procedures should be set in place (e.g. as part of regular
project team meetings) to track and monitor these goals. If an
Environmental Certification method is being followed, such as BREEAM,
the documentation procedures are relatively well established to ensure
the intended criteria and performance levels are met. Similar methods
and safeguards need to be put in place to ensure additional targets
established through the ID process are also delivered in the long run.

The initial kick off workshop should be held early in the design process.
It is recommended that this workshop is used to explain the ID process
and create a common understanding of the approach that will be taken
and the importance of a cooperative and open attitude between all
participants. A suggested outline agenda may be:
–– Presentation of the overall goals for the building by the developer
–– An introduction to Integrated Design
–– Discussion on how the design team can get the most out of everybody’s
knowledge and how to cooperate in practice
–– Discussion of the projects main challenges and how to cope with them
–– Decision of important milestones for the projects and how to follow-up
–– Plan for further work and subsequent future workshops, issues for
further investigation identified along with persons responsible for
carrying out the work.
In the following workshop, each specialist may present their issues as
the basis for problem solving via the subsequent design process. The
discussions may identify the need to incorporate additional specialised
support and hence additional members that may be required to attend
future workshops. During the following design process, several smaller,
more focussed workshops should be arranged between the design
partners. The client should be invited to any sessions where major
decisions need to be made.
2.2 – U
 se both creative and analytical techniques in the design
process
Design is ultimately an iterative problem solving process that involves
identifying challenges, gathering data, clarifying problems, generating
ideas and selecting solutions. The design team should be aware
that the optimal building design is rarely created in the first iteration.
Creative and critical thinking need to be combined to alternate between
analysing a potential problem and solving it (see Figure 3).

3.2 – Make a quality control plan
First, a Quality Assurance Program should be drawn up to describe
the overall ambitions of the building. This should essentially be a
goal-orientated version of the revised/ finalised client’s brief. Here,
goals should be set against each of the client’s requirements. The
Quality Assurance Program should be embedded within the project
documentation and should be viewed as being of equivalent
importance to the budget and the time schedule.
The Quality Assurance Program should then be followed up by a
Quality Control Plan. The plan is a tool for the project team that defines
milestones throughout the design and construction phases and should
specify who is responsible for managing each task. The plan can also be
used by the client to follow up on whether goals are achieved.
3.3 – E
 valuate the design and document the achievements at
critical milestones
The transition between design phases can be viewed as milestones
where the current status of the design is evaluated and documentation
is produced/ updated. Documentation may include updated Quality
Assurance and Control Plans, budgets, time plans and performance
specifications. The evaluation should be led by an individual, generally
the ID facilitator if one was employed or whoever assumed that role.
They should have the authority to challenge the design team and the
client and should be responsible for reporting on the achievement of
the defined goals.

2.3 – Evaluate multiple design concepts
Discussions should be held by the group on the options that have
been drawn up relative to their delivery of the required performance
targets and costs. Suggestions for improvements should be considered
along with any knock-on effects of such changes. The scheme will
therefore go through various stages of revision and this phase should
remain open long enough to ensure that all relevant issues have been
considered and appropriately addressed.

Figure 3: In creative problem solving, both critical and creative thinking are
required. This logic should be applied to the design process

Critical Thinking

Creative Thinking

Analyse the problem
2.4 – Finalise the optimised design
The final workshop session for the design team and client should select
the optimum design to meet the client brief. Any known tenants or
building end-users should be present to input into the final selection
process. Justification for the favoured scheme should be given with
reference to the initial goals and aspirations set by the client, with
supporting evidence such as lifecycle costing forecasts as necessary.
If it is intended that future monitoring will take place on the scheme
to verify performance, this should be included in the planning of the
detailing that will follow.

Brainstorm solutions
Evaluate solutions and
choose one
Innovate the solution
Critique the solution
Make improvements
Implement the solution

Step 4: Delivery (RIBA Stage 6/F)

Step 5: In use (RIBA Stage 7/G)

4.1 – E
 nsure goals are communicated in tender documents for
contractors

5.1 – Facilitate the commissioning process and monitor the
performance of the mechanical systems

It is important that the requirements set out during the design phase
are followed through during construction. It may be difficult to convey
the importance of some aspects of the design if the contractors were
not included in the initial development process. The team should
ensure that the contractor fully understands and buys into the project
ambitions and takes responsibility for ensuring the goals are achieved.
Key items to implement include:

A major contributor to the performance gap that is often experienced
between the building ‘as designed’ and when in use is inadequate
commissioning of the building’s mechanical systems. During the design
phase, it is necessary to create favourable conditions for the eventual
commissioning by implementing the following:

–– Tender and contract documents should require contractors (and
subcontractors) to verify and document specific goals during
construction
–– Every alternative solution or material change proposed should be
checked with the design team to ensure it will not compromise or
undermine another part of the optimised design
4.2 – I nform and motivate work force to deliver required
quality
To ensure appropriate onsite delivery of the design, the whole work
force should understand the importance of precisely following the
construction details and specifications. On-site training will therefore
be necessary, in particular covering aspects of thermal bridging, air
tightness, low energy materials and waste separation. In the UK, the
Site Sustainability Manager training course educates site managers
on how to implement these and other site specific aspects and, most
importantly, how to communicate the requirements for their delivery to
other site personnel.
Spot checks and partial commissioning are recommended at key stages
during construction to allow performance verification and rectification
if necessary. For example, intermediate air pressure testing may be
carried out to verify the airtightness at key stages while it is still possible
to rectify unsatisfactory results, e.g. before mechanical services are
installed or other perforations to the thermal fabric, after installation of
M&E but prior to second fix.
4.3 – User manuals for operation and maintenance
On completion of the building, the design data should be updated to
provide final ‘as built’ information for future operation of the building.
These should accompany the operational manual, which should
include the original project goals and how the building is intended to
meet these in operation, so the Facilities Manager understands how
the building should be operated. BSRIA’s ‘Soft Landings’ approach is
useful to ensure the building is operated as intended. Soft Landings
encourages key members of the design and construction team to be
on hand to assist the Facilities Management staff during the initial
operational phase of the building (usually the first year). To ensure
proper inclusion, detailed and quantified Soft Landings requirements
should be included in the project tender (and potentially as part of
the project goals). For more information on soft landings, see www.
bsria.co.uk/services/design/soft-landings. In addition to FM staff, the
operating staff and building users should also be educated in the
running of the building’s systems and familiarised with their operation.

–– Prepare a detailed description of the mechanical systems, including
a traceable definition of envisaged operation paths, i.e. how should
the system operate under different conditions? This output should
provide clear guidance for the programming of building automation
systems
–– Develop a monitoring procedure to gather the necessary data
for comparing the actual building performance with the target
performance
–– Compare the systems actual performance against target
performance on a regular basis
–– Make changes to the building systems to improve the in-use
performance if it deviates from the targets (these commissioning
procedures should be carried out over a period of at least 1 year to
capture all seasons.)
5.2 – Monitor building performance longer term
The ongoing monitoring of the building performance, including
energy consumption and user satisfaction, should be encouraged
to ensure it continues to run optimally over its life. Such monitoring
should be planned and embedded during the design process e.g.
ensure adequate monitoring and data extraction is possible from the
BMS, and arrange for post occupancy surveys to be conducted with
building users. (It is of little use if a building performs well regarding
energy use but its users are dissatisfied with the comfort conditions
and the building is ultimately not used.) Such monitoring will also allow
verification of earlier lifecycle analysis over the life of the building.
It is useful to factor in opportunities (typically in the form of meetings/
workshops at 6 and 12 months) for the project team to evaluate the
longer term performance and disseminate any lessons learned from
monitoring and occupancy assessment. Good practice and initiatives
can then be taken forward to future projects once they have been
proven to work.
Additionally, long term monitoring will help Facilities Managers with
potential fault finding and to ensure the building continues to operate
as intended. It may even be necessary to re-commission the building
services following any changes of use.
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