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Introduction 
Greengauge were commissioned to undertake thermal modelling of the two new proposed buildings 

at The Lantern Community – The Weavery, and The Pottery and flexible workshop space. To 

evaluate the energy performance of the proposed designs, we have undertaken modelling in the 

Passivhaus Planning Package (PHPP). Although primarily intended to inform the design of Passivhaus 

standard buildings, we believe it is a useful tool for evaluating energy consumption irrespective of 

whether the standard is pursued or not. This issue of this report details the predicted thermal 

performance of the Weavery. 

Summary 

The proposed designs comply with the Passivhaus standard, based on opaque U-values of 

0.15W/m2.k, an airtightness of 0.6 ACH@50Pa, and occupancy patterns provided by the community. 

Assumptions have been made equivalent to a moderately performing Passivhaus with regard to 

other aspects such as glazing and ventilation specification. 

The building is close to the Primary Energy limiting criterion, which may constrain choices regarding 

the heat source for domestic hot water, as well as lighting design. 

Assumptions 

Building Fabric 

Geometry has been taken from the drawing provided by CaSA, and measurements were made in 

accordance with PHPP specifications. 

Walls  

Insulation levels, represented by ‘U-Value’ have been assumed to be 0.15 W/m2.k – a level that is 

typical of Passivhaus compliant buildings, and which is significantly better than building regulations.  

Roof and Floor have also been assumed to have a U-value of 0.15. 

Windows 

The figures assumed have been mostly based upon the Ideal Combi Futura+ range of triple glazing, 

which achieves a centre-pane U-value of 0.5 W/m2.k, and G-Value of 0.5 (representing the amount 

of solar heat that is transmitted inwards). Frame U-values, and spacer-bar psi values based on the 

manufacturer’s data have also been assumed. An ‘installation psi’ value of 0.04 W/m.k has been 

assumed, which represents a well-designed and constructed detail. 

Doors  

Glazed doors have been assumed to have a performance identical to the windows. Opaque doors 

have been assumed to have a U-value of 1.2W/m2.k 

Airtightness 

Airtightness is a parameter that represents the rate at which air leaks into and out of a building. 

When high levels of insulation are achieved (as in these designs) the amount of heat lost via 
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infiltration (cold air leaking in, and warm air leaking out) is significant. Passivhaus requires an upper 

limit to be met, which results in a draught-free building, as well as one with excellent energy 

performance. A value of 0.6 ACH@50Pa has been assumed, which is equal to the Passivhaus 

requirement. 

Ventilation 

A Mechanical Ventilation with Hear Recovery (MVHR) system has been assumed. This is a standard 

feature of Passivhaus designs. These systems draw out warm, stale air from the building, and use it 

to heat the incoming fresh air to almost the same temperature, thereby saving significant amounts 

of energy. The two air streams do not mix, so the incoming air is 100% fresh. The calculation has 

assumed a Zehnder Comfoair 350 (a PHI certified unit with a capacity suitable for the buildings). The 

net efficiency is 77.3% (taking account of a nominal 3m long ‘cold’ insulated intake ducts). 

Heat for hot water and the small amount of space heating has been assumed to be supplied by a 

condensing gas boiler. 

Results: Weavery 

Parameter Result PH Criteria Pass/Fail 

Specific Space Heating Demand: 12 15 
Pass1 

Heating Load: 13 10 

Pressurization Test Result: 0.6 0.6 TBC2 

Specific Primary Energy Demand 
(DHW, Heating, Cooling, Auxiliary and Household 

Electricity): 
117 120 Pass3 

Overheating Frequency (time over 25°C) 0% 10% Pass 
 

Notes: 

1. Heating Load is an alternative criterion to the specific space heating demand, only one of 

these two criterion need be met to achieve certification. The space heating demand is an 

energy figure that can be thought of as equivalent to a heating bill, whereas the heating load 

is a power value, and can be thought of as the size of the heating system. A smaller heating 

load means , e.g., a smaller boiler and radiators would be necessary. 

2. The limiting value of airtightness for certification has been assumed; it cannot be calculated 

in the same way as, for example a U-Value, because it is dependent on the quality of detail 

design and build. 

3. The primary energy demand represents the amount of fossil fuel to run the buildings heating 

and other energy consuming systems such as lighting, domestic hot water. This is 

approximately equivalent to CO2 emissions.  

The proposed design complies with the Passivhaus standard. However, there are certain aspects of 

the design that have only been estimated in this initial exercise, that are likely to change as the 

design is refined. These aspects of the design have the potential to either improve or worsen the 

building’s performance against the PH criteria, so care must be taken with regards to details 

including: 
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 Airtightness 

 Thermal Bridging 

 Internal Gains due to occupancy levels and patterns 

 Heating and Hot water system type and efficiency 

 Ventilation requirements, design and system selection 

 Glazing Specification 

Airtightness 

As highlighted above, it is not possible to accurately predict air tightness. Achieving an air tightness 

of 0.6 ACH@50Pa is crucial for several reasons: 

 To meet the PH airtightness criterion 

 To minimise heat loss due to infiltration, which impacts upon the PH space heating criterion 

as well as heating bills 

 To maximise comfort by elimination of draughts 

Thermal bridging 

Currently, thermal bridging associated with windows has been accounted for, but other potential 

thermal bridges have not. These include 

 The corner window 

 Wall-floor junction, including thresholds of doors and sliding windows 

 Roof-wall junction 

Wall-floor and roof-wall junctions are relatively easy to address with careful design, but heat loss 

through the corner window and thresholds tend to present more difficulties, but a reasonable detail 

design is unlikely to compromise the compliance of the building. 

The performance of the design appears to be quite dependent on the internal gains. Although these 

have been assessed to the best of our ability at this stage, using information provided to us by the 

community, if compliance was pursued, it is likely that the certifier would scrutinise this aspect of 

the design carefully.  

Heating Source 

In general, it is usually our advice that if mains gas is available to a site, this is still the most cost-

effective method of providing space heating and hot water. More novel technologies such as heat 

pumps have a much higher capital cost, with only marginal benefits to energy consumption.  In 

principle, a heat source with a performance at least as good as an A-rated condensing gas boiler will 

be necessary to achieve compliance. This is likely to rule out point of use Hot water heaters, unless 

the extra primary energy can be offset via further reductions in space heating demand. 

Ventilation 

Typical system of moderate performance has been specified, that is just able to meet the peak fresh 

air demand. Different systems will be considered at the detailed design stage, but the performance 

should match, or come close to matching that of the unit specified. It is anticipated that outside of 

the heating season ventilation will be provided by natural means. 
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Glazing Specification 

Generally speaking it is necessary to specify triple glazing to meet PH standards, to meet both the 

heat loss criterion as well as a comfort criterion limiting the lowest allowable temperature of 

internal surfaces. The Glazing specified is the Futura+ range by IdealCombi. Different glazing 

specifications will have to be assessed against this type, and within a future iteration of our 

calculations. 

For the purposes of considering design improvements and refinements, irrespective of PH 

compliance, Figure 1 shows the annual heat balance of the Weavery: 

 

Figure 1: Weavery Heat Balance 

 

The left hand column represents the heat losses, and illustrates the proportions of heat lost from 

different building elements. This shows that the biggest single cause of heat loss is the windows, 

followed by the roof, then walls, floor infiltration, ventilation and doors. Infiltration is the remaining 

uncontrolled passage of air through the building. This illustrates the importance of air-tightness in 

ensuring the MVHR system is effective; if the infiltration significantly outweighs the ventilation, the 

benefit of MVHR becomes marginal. 

If necessary to offset heat losses that arise later in the design process, additional insulation could be 

added. The roof in particular would benefit as this is the biggest heat loss via an opaque element, 

and the proposed U-value of 0.15 can be improved upon relatively easily.  
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The right hand column represents heat gains. Solar gain is heat from the sun which is allowed into 

the building via south-facing windows. Internal gains are heat produced by people and equipment 

such as lighting and appliances. The yellow portion is the heat provided ‘artificially’ by a boiler, and 

by definition makes up the difference between the losses and gains. It is the same parameter as the 

main PH criterion highlighted in the first table. 

 

Results: Pottery 

The kilns of the pottery present an interesting problem regarding the thermal performance of the 

building. Because the proposed design is highly insulated, there is a risk of overheating the building; 

conversations with Ian Walker indicate that in the existing pottery this is controlled by manually 

opening vents.  Due to the relatively intermittent firing of the kilns, the amount of heat the can 

usefully contribute to the space heating demand is limited. The first set of results below disregard 

the kilns, and are therefore a worst-case scenario. 

Parameter Result PH Criteria Pass/Fail 

Specific Space Heating Demand: 25 15 
Fail 

Heating Load: 15 10 

Pressurization Test Result: 0.6 0.6 TBC 

Specific Primary Energy Demand 
(DHW, Heating, Cooling, Auxiliary and Household 

Electricity): 
209 120 Fail1 

Overheating Frequency (time over 25°C) 0% 10% Pass 
 

1: This does not include process energy, i.e. that used by the kilns.  

The margin between the modelled heating load and the PH criteria means that significant changes to 

the design would be necessary to achieve compliance. As with the Weavery, the figure below 

illustrates how the building loses heat: 
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Figure 2: Heat balance for the Pottery 

As with the Weavery, the left hand column show the heat losses, and the right hand columns shows 

the gains, each broken down into sub categories.  It is interesting to compare this figure with the 

Weavery. The losses are quite similar, apart from the windows which have a greater loss in the 

Pottery. The significant difference, however, is in the solar gains. The Pottery benefits from roughly 

half the gains of the Weavery. 

The priority of heat losses breaks down in a similar way to the Weavery. Windows contribute the 

highest loss, followed by Walls, then roof, floor, ventilation and infiltration. 

The windows can be further analysed according to their orientation: 

 Losses Heat gains Balance 

 kWh/m
2
 kWh/m

2
 kWh/m

2
 

North 7.1 2.9 -4.2 

East 1.0 0.6 -0.4 

South 6.1 1.2 -4.9 

West 0.2 0.2 -0.1 

Horizontal 5.6 7.2 1.7 

Note that the losses are normalised by floor area, i.e. the ‘per m2’ represents the floor rather than 

the area of window. As such they can be compared to the overall heat loss figure. For example, 

figure 2 shows the total heat losses are 52.6 kWh/m2 p.a. therefore 7.1 kWh/m2 p.a. equates to 14% 

of the total losses. Generally, South-facing windows will capture heat gains that outweigh their 

losses, but due to the shading from the trees this is not true of this building. 

Kilns 

In the proposed design the kilns are inside of the thermal envelope. Although there is a certain 

amount of benefit to the thermal performance, this is limited by the intermittent firing of the kilns, 
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as well as the amount of heat that is required at the time of firing to maintain a comfortable 

temperature. The heat they contribute to the building is only really useful for up to approximately 24 

hours afterwards, and the heat given off may have to be rejected form the building to avoid 

overheating, during anything but cold weather. 

 Therefore, the small kiln that is fired weekly could contribute a reasonable amount of heat in the 

winter, but less so for the larger electric kiln because it is fired less often (once every two weeks) and 

has a heating power more likely to cause overheating. The large gas kiln, which is only fired once per 

month, cannot contribute a meaningful amount of heat, compounded by the fact that it will severely 

overheat the building unless the excess heat it produces is rejected from the building – typically by 

high ventilation rates. 

The following results include the small electric kiln: 

Parameter Result PH Criteria Pass/Fail 

Specific Space Heating Demand: 23 15 
Fail 

Heating Load: 15 10 

Pressurization Test Result: 0.6 0.6 TBC 

Specific Primary Energy Demand 
(DHW, Heating, Cooling, Auxiliary and Household 

Electricity): 
219 120 Fail 

Overheating Frequency (time over 25°C) 1% 10% Pass 
 

Note that the space heating demand drops slightly, but the peak heat load is unaffected because the 

same amount of heating capacity would have to be installed to cover periods when the kiln is off. 

Also, the calculation now takes the primary energy for running the kiln into account, and note that a 

small amount of overheating (still well within the PH criterion) occurs. 

A more sophisticated, dynamic, simulation tool will provide a better guide of both how much heat is 

usefully contributed, and how much overheating is cause and how it can be controlled. We have 

agreed to undertake this modelling, which is also necessary for Building Regulations Compliance 

purposes. This technique is better able to analyse the intermittent nature of the kiln firing and the 

associated purge ventilation. 
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Conclusions 

The Weavery has a very good thermal performance and the proposed design could potentially be 

refined and built to achieve Passivhaus standard. Further energy reductions could be achieved by 

improving U-values, but it would be more sensible to focus resources on ensuring the detailed 

design does not compromise on the aspects highlighted, i.e. thermal bridging, airtightness and a 

good quality MVHR system. 

The Pottery is a more difficult building to refine, due to the overshading, extensive proposed north 

facing glazing, but particularly by the issues presented by the kilns. The primary concern is to avoid 

overheating, but it is also important to ensure that in doing this, firstly that heat provided by the 

heating system is not wasted, and secondly that as much heat emitted by the kilns is retained to 

offset heat from the heating system. 

The next stage of our work will use dynamic simulation techniques to assess the Pottery building, 

taking account of the effects of all three kilns. This will allow us to more accurately assess the 

overheating risk and how this can be managed via ventilation, as well as a better measure of how 

much heat the kilns can usefully contribute to the space heating consumption. 


