
Sustainability



Thermal comfort

There is an intrinsic link between the acoustics, 
overheating and ventilation strategy and early 
modelling opens up opportunities for design. 
Initial thermal modelling studies have been 
conducted to ensure that the various technical 
issues are addressed and designed holistically.

Initial feedback on noise conditions on site is 
required to clarify the ventilation strategy.  

While we do not expect particular restrictions due 
to noise and air quality across the masterplan, 
particular attention is required for the dwellings 
along Kidbrooke Park Road and Old Post Office 
Lane. The detailed overheating strategy will, 
therefore, take into consideration the noise 
generated by trains along the rail lines, the noise 
from the traffic along Kidbrooke Park Road and the 
‘A’ category roads. 
Current strategies which help tackle overheating 
are:

• Maximisation of dual aspect units which favour 
cross ventilation

• glazing with a low g-value, 
• MVHR units with boost mode 
• Recessed windows for shading. 
• Maisonettes facing east and west have vertical 

fins which help reduce external solar gains

Considerations will been given to security and 
safety, particularly at ground floor.

Strategies have been designed by adopting an 
holistic approach to sustainability.
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#12 Do floor-to-ceiling heights allow
ceiling fans, now or in the future? 
Higher ceilings increase stratification and air
movement, and offer the potential for ceiling fans

#8 Do the site surroundings feature significant
blue/green infrastructure?
Proximity to green spaces and large water bodies has
beneficial effects on local temperatures; as guidance, this
would require at least 50% of surroundings within a 100m
radius to be blue/green, or a rural context

#4 Are the dwellings flats?
Flats often combine a number of factors 
contributing to overheating risk e.g. dwelling size, heat
gains from surrounding areas; other dense and enclosed
dwellings may be similarly affected - see guidance for
examples

1
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#10 Does the site have existing tall trees or buildings
that will shade solar-exposed glazed areas?
Shading onto east, south and west facing areas can reduce
solar gains, but may also reduce daylight levels

#9 Are immediate surrounding surfaces in majority
pale in colour, or blue/green?
Lighter surfaces reflect more heat and absorb less so their
temperatures remain lower; consider horizontal and vertical
surfaces within 10m of the scheme

#11 Do dwellings have high exposed thermal mass 
AND a means for secure and quiet night ventilation?
Thermal mass can help slow down temperature rises, but it
can also cause properties to be slower to cool, so needs to be
used with care - see guidance
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#5 Does the scheme have community heating?
i.e. with hot pipework operating during summer, especially in
internal areas, leading to heat gains and higher temperatures
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#3 Does the site have
barriers to windows
opening?
- Noise/Acoustic risks
- Poor air quality/smells e.g.
near factory or car park or
very busy road
- Security risks/crime
- Adjacent to heat rejection
plant
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1

>2.8m and
fan installed

> 2.8m

#1 Where is the
scheme in the UK?
See guidance for map

4South east
0

2

Northern England, Scotland & NI

Rest of England and Wales

Other cities, towns & dense sub-
urban areas

3Central London (see guidance)
Grtr London, Manchester, B'ham

1

2

score <8: 
Ensure the mitigating measures are retained,
and that risk factors do not increase (e.g. in
planning conditions)

score >12:
Incorporate design changes to reduce risk
factors and increase mitigation factors
AND Carry out a detailed assessment (e.g.
dynamic modelling against CIBSE TM59)

score between 8 and 12: 
Seek design changes to reduce risk factors
and/or increase mitigation factors
AND Carry out a detailed assessment (e.g.
dynamic modelling against CIBSE TM59)

High Low12 8Medium

12
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#6 What is the estimated average glazing
ratio for the dwellings?
(as a proportion of the facade on solar-exposed
areas i.e. orientations facing east, south, west, and
anything in between). Higher proportions of glazing
allow higher heat gains into the space

>65%

>50%

>35%

+100%
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Night - bedroom windows OK
to open, but other windows
are likely to stay closed

Day - barriers some of the
time, or for some windows 
e.g. on quiet side

Day - reasons to keep all
windows closed

Night - reasons to keep all
windows closed

#7 Are the dwellings single aspect?
Single aspect dwellings have all openings                                               
on the same facade. This reduces the                                                
potential for ventilation

#13 Is there useful external shading?
Shading should apply to solar exposed (E/S/W)
glazing. It may include shading devices, balconies
above, facade articulation etc. See guidance on
"full" and "part". Scoring depends on glazing
proportions as per #6

6 3>65%

>35% 2 1

4 2>50%

#14 Do windows & openings
support effective ventilation?
Larger, effective and
secure openings will
help dissipate heat
- see guidance 
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Single-aspect

Dual aspect

Openings compared to
Part F purge rates

Full Part

Single-aspect

Dual aspect

+50%= Part F
3 4

2 3
minimum
required

#2 Is the site likely to
see an Urban Heat
Island effect?
See guidance for details

EARLY STAGE OVERHEATING RISK TOOL

KEY FACTORS REDUCING THE LIKELIHOOD OF OVERHEATING

This tool provides guidance on how to assess overheating risk in residential schemes at the early stages of design. It is specifically 
a pre-detail design assessment intended to help identify factors that could contribute to or mitigate the likelihood of overheating.

The questions can be answered for an overall scheme or for individual units. Score zero wherever the question does not apply. 
Additional information is provided in the accompanying guidance, with examples of scoring and advice on next steps.

Find out more information and download accompanying guidance at goodhomes.org.uk/overheating-in-new-homes.

KEY FACTORS INCREASING THE LIKELIHOOD OF OVERHEATING

Geographical and local context

Site characteristics

Scheme characteristics and dwelling design

Solar heat gains and ventilation

TOTAL SCORE
Sum of contributing 

factors:
Sum of mitigating 

factors:
minus

Version 1.0, July 2019

Operational energy

The proposed scheme intends to adopt a 
range of energy efficiency measures including 
good levels of insulation, the installation of 
high performance glazing and energy-efficient 
lighting to reduce the heating demand. A 
highly efficient MVHR system will be installed 
within each home.

A carbon reduction of at least 10% above 
Building regulations will be achieved through 
active and passive measures alone (‘Be Lean’ 
stage of the Energy Hierarchy). The overall 
performance will exceed the minimum target 
of 35%.

The following elements are being considered 
to maximise the efficiency of the scheme:

• Orientation
• Passive measures
• Improvement of U-values (with attention to the 

g-value)
• Highly performing glazing
• Size of openings, including frame of windows
• Low air tightness
• Reduction of the energy use intensity
• Highly performing systems for ventilation 



Embodied Carbon

In the UK, buildings account for 40% of 
greenhouse gas emissions. Of the annual carbon 
emissions associated with buildings about 80% 
is associated with ongoing operational carbon 
emissions relating to the existing building stock.

The remaining 20% is related to the embodied 
impact of new construction. As buildings become 
more efficient, the operational carbon will reduce. 
This means that embodied carbon will represent 
a higher proportion of whole life carbon (WLC) 
than it used to. A Life Cycle Assessment (LCA) 
is, therefore, required to reduce the embodied 
carbon of materials.

• LCA analysis

• Option comparison

• Recycled materials

• Materials with recycled content

• Waste management plan
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2.2 The embodied carbon impacts from the product and construction stages 
should be measured and offset at practical completion.

Rationale

Buildings aiming to achieve net zero carbon for construction should address all embodied 
impacts from the building’s product and construction stages up to practical completion. 
The carbon to be offset should be determined through the whole life carbon assessment 
undertaken at the point of completion.

The carbon can be offset using two routes:

A. One-off payment made at the point of completion; and/or

B. Net export of on-site renewable energy on an annual basis.

These two offset routes can be used together, and the intended approach should be disclosed.

Technical requirements

Where on-site renewable energy generation is used as an offset, the achievement of net zero 
carbon for operational energy should take precedence. Once net zero carbon for operational 
energy has been achieved, any surplus carbon credits from exporting on-site renewable energy 
can be used to offset embodied impacts.

Please see Appendix A for the minimum reporting requirements.

Please see section 5. Offset Any Remaining Carbon for further details on the procurement 
and reporting of offsets.

Build nothing – challenge the root cause of 
the need; explore alternative approaches to 
achieve the desired outcome

Build less – maximise the use of existing 
assets; optimise asset operation and 
management to reduce the extent of new 
construction required 

Build clever – design in the use of low carbon 
materials; streamline delivery processes; 
minimise resource consumption

Build efficiently – embrace new construction 
technologies; eliminate waste

Planning

Design

Construction

Commissioning

Operation and maintenance
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Embodied carbon reduction potential at different stages of a building project 
© HM Treasury; Green Construction Board

Image from the UKGBC Net Zero Carbon Buildings framework
https://www.ukgbc.org/

Image from the LETI Guide - Medium scale housing
https://www.ukgbc.org/

Existing configuration

• The site is currently empty

• There is no opportunity for refurbishment

• Similarly, there is no opportunity for reusing/
recycling materials from the current 
configuration. However, other circular economy 
principles can be applied.

0
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Medium and large scale housing

Focus on reducing embodied carbon 
for the largest uses:

Embodied carbon

Products/materials (A1-A3)

Transport (A4)

Construction (A5)

Maintenance and 
replacements (B1-B5)

End of life disposal (C1-C4)
Area in GIA

<500
 kgCO2/m2

Reduce 
embodied 
carbon by 
40% or to:

Implement the following indicative design measures:

Operational energy

Reduce energy consumption to:

35
 kWh/m2.yr

Energy Use 
Intensity 

(EUI) in GIA, 
excluding 

renewable 
energy 

contribution

Reduce space 
heating 
demand to:

15
 kWh/m2.yr

Fabric U-values (W/m2.K)
Walls   0.13 - 0.15 
Floor   0.08 - 0.10
Roof   0.10 - 0.12
Exposed ceilings/fl oors 0.13 - 0.18
Windows  1.0 (triple glazing)
Doors   1.00

Effi ciency measures
Air tightness       <1 (m3/h.m2@50Pa)
Thermal bridging      0.04 (y-value)
G-value of glass  0.6 - 0.5

MVHR        90% (effi ciency)
       ≤2m (duct length  
   from unit to   
   external wall)

Maximise 
renewables so that 
70% of the roof is 
covered 

Form factor of <0.8 
- 1.5

Window areas guide 
(% of wall area)
North 10-20%
East 10-15%
South 20-25%
West 10-15%

Include openable 
windows and 
cross ventilation

Balance 
daylight and 
overheating

Include external 
shading

Small resi Med/high resi

OFFICE

School

21% - Substructure

46% - Superstructure

16% - Internal fi nishes

13% - Façade

4% - MEP

Average split of embodied carbon 
per building element: 

8%

25%

1%

2% 64%
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Circular Economy

We need a radical change in the way we think 
about constructing, equipping, using, maintaining, 
altering and renewing our built environment. 
We need a transition from a linear to a circular 
economy. 
This means that we need to avoid or reduce 
waste and add value:

• Low maintenance
• High quality materials with extended lifespan
• Buildings designed to be used for as long 

as possible (build to last, build to adapt to 
changing social, physical and economic 
environments)

• Adaptability
• Re-purposing
• Recycle construction, demolition  

an excavation waste
• Recycle at least 65% of municipal waste

Mechanical systems will also need to consider 
circular economy strategies which will help reduce 
embodied carbon:

• Avoid over provision of plant (undertake a load 
assessment)

• Fewer and simpler systems 

• Reduce duct runs

• Design for deconstruction and recycling (MEP 
is replaced 2-3 times during the lifespan of a 
building)

GLA Decision tree

3.0 Key terms
Embodied Carbon: Carbon dioxide and other 
greenhouse gases associated with the following 
stages:
→ Product: extraction and processing of materials, 
 energy and water consumption used by the 
 factory or in constructing the product or building, 
 and transport of materials and products
→ Construction: building the development
→ Use: maintenance, replacement and emissions  
  associated with refrigerant leakage
→ End of life: demolition, disassembly waste
 processing and disposal of any parts of product   
 or building and any transportation relating to the   
 above.

Operational Carbon: Carbon dioxide and other 
greenhouse gases are associated with the in-use 
operation of the building. This includes the emissions 
associated with heating, hot water, cooling, 
ventilation, and lighting systems, as well as cooking, 
by equipment and lifts.

Whole Life Carbon (WLC): This includes both embodied 
and operational carbon as defined above.

Circular Economy: A circular economy is an industrial 
system that is restorative or regenerative by intention 
and design. A circular economy replaces the linear 
economy, and its ‘end-of-life’ concept with restoration 
and regeneration, shifts towards the use of renewable 
energy, eliminates the use of toxic chemicals and 
aims for the elimination of waste through the design of 
materials, products and systems that can be repaired 
and reused.  The circular economy concept shown in 
the bottom part of Figure 3.1  illustrates an evolution of 
the current Linear Economy (top part) to the Circular 
Economy (bottom part) which is achieved through 
the application of principles: maintain, repair, reuse, 
remanufacture and recycle, as well as leasing and 
servicing.

Life Cycle Assessment (LCA): A multi-step procedure 
to quantify carbon emissions (embodied and 
operational) and other environmental impacts 
(such as acidification and eutrophication) through 
the life stages of a building.  The EN 15978 standard 
is typically used to define the different life cycle 
stages A1-3 (‘Cradle to Gate’), A1-3 + A4-5 
(‘Cradle to Practical Completion of Works’), B1-5 
(‘Use’), C1-4 (‘End of Life’), D (‘Supplemental’). In 
the case of whole life carbon, an LCA assesses 
greenhouses gas emissions measured in carbon 
dioxide equivalent to evaluate Global Warming 
Potential (GWP). Thus the use of predicted CO2e 
data across the Life Cycle Stages relevant to the 
particular development allows comparisons of 
different options in relation to impact on whole 
life carbon as well as demonstrating that a certain 
level of carbon emission reductions have been 
met at design stage 1.

Environmental Product Declaration (EPD): An 
independently verified and registered document 
that communicates transparent and comparable 
information about the life cycle environmental 
impact of a product 2.

Life Cycle Assessment

Figure 3.1 - Circular Economy Principles, compared to existing Linear Economy

Repair

Remanufacture

Resource 
extraction Production

Reduced 
resource 
extraction Lease

Service

Waste

Recycle

Reuse

Use

Use Zero 
waste

Linear Economy

Circular Economy

Production
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Embodied Carbon Primer

LETI Embodied 
Carbon Primer

Build less

Build 
light

Build 
wise

Build low 
carbon

Build 
for the 
future

Build 
collaboratively

Primary 
Actions

Supplementary 
guidance to the 
Climate Emergency 
Design Guide
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Image from the LETI Embodied Carbon Primer
https://www.leti.london/ecp

Image from the LETI Embodied Carbon Primer
https://www.leti.london/ecp
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Is the expected life long or short?

All developments should design for  
DISASSEMBLY

Will the use and/or requirements Change? 
If so, how frequently?

Short

Design for  
flexibility

Design for  
adaptability

Design for  
longevity

Often 
(<5yrs)

Rare 
(>25yrs)

Intermittent
(5–25yrs)

Long

Will there be a market for elements with 
the required dimensions/specifications?

Design for  
recoverability

Design for  
reusability

No Yes

Is it technically feasible and viable to 
retain the building(s) in whole or in part?

Are there any building materials or 
elements available on site?

Is there an existing 
building on the site?

Repurpose Refurbish

Is the existing building suited to 
the new use and requirements?

No

No
Is it technically feasible and viable 

to recover the ‘residual value’ of the 
building elements or materials?

Demolish  
and recycle

Deconstruct  
and reuse

Yes

Yes

No YesNo Yes

Strategies for maximising value over the lifetime of the  
development by adding new buildings/infrastructure
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07 Energy Strategy

BE LEAN BE CLEAN BE GREEN

CONSTRUCTION External walls (W/m2K) 0.15

Sheltered walls (W/m2K) 0.18

Corridor treatment not heated

GF/Exposed floor (W/m2K) 0.1

Roof (W/m2K) 0.1

Air tightness (m3/h/m2 @50 Pa) 3

Thermal bridging ACD+improved lintels and balconies

GLAZING Type Double

U-value (W/m2K) 1.3

g-value 0.4

VENTILATION MEV/MVHR MVHR (SFP: 0.39)

HVAC Communal boiler Communal boiler ASHP+Boiler  

RENEWABLE 
ENERGY

None None maximised

   Variance (%) 10% 0% 30%or more

0

60

40

20

80

100

10% reduction target (Be Lean stage)

35% reduction target 

zero carbon

Carbon 
reduction

(%)

1st target
 achieved

1st and 2nd targets 
achieved

1st and 2nd targets 
achieved

Summary of preliminary calculations conducted on representative dwellings

Operational energy

The proposed scheme intends to adopt a 
range of energy efficiency measures including 
good levels of insulation, the installation of 
high performance glazing and energy-efficient 
lighting to reduce the heating demand. A 
highly efficient MVHR system will be installed 
within each home.

A carbon reduction of at least 10% above 
Building regulations will be achieved through 
active and passive measures alone (‘Be Lean’ 
stage of the Energy Hierarchy).

The following elements are being considered 
to maximise the efficiency of the scheme:

• Orientation
• Passive measures
• Improvement of U-values (with attention to the 

g-value)
• Highly performing glazing
• Size of openings, including frame of windows
• Low air tightness
• Reduction of the energy use intensity
• Highly performing systems for ventilation 
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Figure 1.7 - Residential energy breakdown

Figure 1.8 - Office energy breakdown

What does a ‘Best Practice’    
building look like?
The modelling LETI has undertaken shows that 
low-energy buildings would fundamentally change 
the energy breakdown of our built environment.  For 
residential buildings, space heating tends to require 
most energy due to relatively poor fabric standards.  
A highly efficient fabric reduces this significantly.

The diagrams below show how LETI’s best-practice 
parameters affect the overall amount and breakdown 
of the energy demand in a typical domestic dwelling.

The concept of ‘shoebox’ modelling refers to the 
creation of a simplified energy model to inform 
decision making at concept design stage. A model 
of this type can take the form of a simple shoebox 
and can be carried out prior to any formal design 
work. The process can provide valuable information 
on the proposed building’s energy characteristics, 
reveal its sensitivity to different design variables 
and help identify the ‘low hanging fruit’ of energy 
saving measures.
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Figure 1.7 - Residential energy breakdown

Figure 1.8 - Office energy breakdown

What does a ‘Best Practice’    
building look like?
The modelling LETI has undertaken shows that 
low-energy buildings would fundamentally change 
the energy breakdown of our built environment.  For 
residential buildings, space heating tends to require 
most energy due to relatively poor fabric standards.  
A highly efficient fabric reduces this significantly.

The diagrams below show how LETI’s best-practice 
parameters affect the overall amount and breakdown 
of the energy demand in a typical domestic dwelling.

The concept of ‘shoebox’ modelling refers to the 
creation of a simplified energy model to inform 
decision making at concept design stage. A model 
of this type can take the form of a simple shoebox 
and can be carried out prior to any formal design 
work. The process can provide valuable information 
on the proposed building’s energy characteristics, 
reveal its sensitivity to different design variables 
and help identify the ‘low hanging fruit’ of energy 
saving measures.
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Figure 1.7 - Residential energy breakdown

Figure 1.8 - Office energy breakdown

What does a ‘Best Practice’    
building look like?
The modelling LETI has undertaken shows that 
low-energy buildings would fundamentally change 
the energy breakdown of our built environment.  For 
residential buildings, space heating tends to require 
most energy due to relatively poor fabric standards.  
A highly efficient fabric reduces this significantly.

The diagrams below show how LETI’s best-practice 
parameters affect the overall amount and breakdown 
of the energy demand in a typical domestic dwelling.

The concept of ‘shoebox’ modelling refers to the 
creation of a simplified energy model to inform 
decision making at concept design stage. A model 
of this type can take the form of a simple shoebox 
and can be carried out prior to any formal design 
work. The process can provide valuable information 
on the proposed building’s energy characteristics, 
reveal its sensitivity to different design variables 
and help identify the ‘low hanging fruit’ of energy 
saving measures.
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Figure 1.7 - Residential energy breakdown

Figure 1.8 - Office energy breakdown

What does a ‘Best Practice’    
building look like?
The modelling LETI has undertaken shows that 
low-energy buildings would fundamentally change 
the energy breakdown of our built environment.  For 
residential buildings, space heating tends to require 
most energy due to relatively poor fabric standards.  
A highly efficient fabric reduces this significantly.

The diagrams below show how LETI’s best-practice 
parameters affect the overall amount and breakdown 
of the energy demand in a typical domestic dwelling.

The concept of ‘shoebox’ modelling refers to the 
creation of a simplified energy model to inform 
decision making at concept design stage. A model 
of this type can take the form of a simple shoebox 
and can be carried out prior to any formal design 
work. The process can provide valuable information 
on the proposed building’s energy characteristics, 
reveal its sensitivity to different design variables 
and help identify the ‘low hanging fruit’ of energy 
saving measures.
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Figure 1.7 - Residential energy breakdown

Figure 1.8 - Office energy breakdown

What does a ‘Best Practice’    
building look like?
The modelling LETI has undertaken shows that 
low-energy buildings would fundamentally change 
the energy breakdown of our built environment.  For 
residential buildings, space heating tends to require 
most energy due to relatively poor fabric standards.  
A highly efficient fabric reduces this significantly.

The diagrams below show how LETI’s best-practice 
parameters affect the overall amount and breakdown 
of the energy demand in a typical domestic dwelling.

The concept of ‘shoebox’ modelling refers to the 
creation of a simplified energy model to inform 
decision making at concept design stage. A model 
of this type can take the form of a simple shoebox 
and can be carried out prior to any formal design 
work. The process can provide valuable information 
on the proposed building’s energy characteristics, 
reveal its sensitivity to different design variables 
and help identify the ‘low hanging fruit’ of energy 
saving measures.
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Figure 1.7 - Residential energy breakdown

Figure 1.8 - Office energy breakdown

What does a ‘Best Practice’    
building look like?
The modelling LETI has undertaken shows that 
low-energy buildings would fundamentally change 
the energy breakdown of our built environment.  For 
residential buildings, space heating tends to require 
most energy due to relatively poor fabric standards.  
A highly efficient fabric reduces this significantly.

The diagrams below show how LETI’s best-practice 
parameters affect the overall amount and breakdown 
of the energy demand in a typical domestic dwelling.

The concept of ‘shoebox’ modelling refers to the 
creation of a simplified energy model to inform 
decision making at concept design stage. A model 
of this type can take the form of a simple shoebox 
and can be carried out prior to any formal design 
work. The process can provide valuable information 
on the proposed building’s energy characteristics, 
reveal its sensitivity to different design variables 
and help identify the ‘low hanging fruit’ of energy 
saving measures.
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Figure 1.7 - Residential energy breakdown

Figure 1.8 - Office energy breakdown

What does a ‘Best Practice’    
building look like?
The modelling LETI has undertaken shows that 
low-energy buildings would fundamentally change 
the energy breakdown of our built environment.  For 
residential buildings, space heating tends to require 
most energy due to relatively poor fabric standards.  
A highly efficient fabric reduces this significantly.

The diagrams below show how LETI’s best-practice 
parameters affect the overall amount and breakdown 
of the energy demand in a typical domestic dwelling.

The concept of ‘shoebox’ modelling refers to the 
creation of a simplified energy model to inform 
decision making at concept design stage. A model 
of this type can take the form of a simple shoebox 
and can be carried out prior to any formal design 
work. The process can provide valuable information 
on the proposed building’s energy characteristics, 
reveal its sensitivity to different design variables 
and help identify the ‘low hanging fruit’ of energy 
saving measures.
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Figure 1.7 - Residential energy breakdown

Figure 1.8 - Office energy breakdown

What does a ‘Best Practice’    
building look like?
The modelling LETI has undertaken shows that 
low-energy buildings would fundamentally change 
the energy breakdown of our built environment.  For 
residential buildings, space heating tends to require 
most energy due to relatively poor fabric standards.  
A highly efficient fabric reduces this significantly.

The diagrams below show how LETI’s best-practice 
parameters affect the overall amount and breakdown 
of the energy demand in a typical domestic dwelling.

The concept of ‘shoebox’ modelling refers to the 
creation of a simplified energy model to inform 
decision making at concept design stage. A model 
of this type can take the form of a simple shoebox 
and can be carried out prior to any formal design 
work. The process can provide valuable information 
on the proposed building’s energy characteristics, 
reveal its sensitivity to different design variables 
and help identify the ‘low hanging fruit’ of energy 
saving measures.

 

Part L compliant building

Part L compliant building

Low energy building

Low energy building

Heating 

Hot water

Lighting

Auxiliary energy

Unregulated energy

Heating 

Hot water

Cooling

Lighting

Ventilation

Small power

Other?

?

?

Part L compliant building

Part L compliant building

Low energy building

Low energy building

Heating 

Hot water

Lighting

Auxiliary energy

Unregulated energy

Heating 

Hot water

Cooling

Lighting

Ventilation

Small power

Other?

?

?
Image from LETI climate emergency design guide

PVs Energy centre


