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[bookmark: _Toc229384119]1.0 Introduction
The hotel on the proposed site will be a medium-rise building and located at the northeast corner of the site.  This will limit the distance from the road to limit impervious surfaces from the road to the hotel.  The remainder of the site can be landscaped incorporating water features that form part of the SuDs on the lower lying south part of the site.  The building will be a hybrid structure consisting of a reinforced concrete basement with an incorporated underground car park, foundations and reinforced core to support a lighter weight timber structure.  
[image: ]
[bookmark: _Ref229379059]Figure 1 Concept Swansea hotel inspired by VANCOUVER FOREST - URBAN FOREST by OpenAI (2026a)
The terraced style is inspired by Urban Agency's Vancouver Forest design which uses a terraced stepped form to reduce the building’s visual impact and allow planted outdoor spaces on multiple levels Baldwin, (2021).  
[image: ]
Figure 2 Vancouver Forest Urban agency (2022)  
Timber is used to reduce embodied carbon, increase offsite construction process and modular construction whereas concrete is used below ground due to its resistance to water and loading Laboy et al (2025) and Lu et al (2021).
[bookmark: _Toc229384120]2. Environmental Impact
[bookmark: _Toc229384121]2.1 Orientation and terraced massing
Orientation of the building will not just be considered on visual aesthetics alone, a key part of making a building sustainable is to maximise any gains in terms of natural daylight, solar gain but also help manage ventilation and overheating. Solar gain can be maximised by incorporating most of the glazing along a broad facing south facing elevation and minimising glazing on the other elevations.  Southern elevations allow for maximum thermal gain in the winter but allow for easier control of overheating in the summer through use of shaded terraces, overhangs and brise soleil Al-Kodmany, (2018).  The sun’s path was analysed and plotted using SunEarthTools Figure 3.  By aligning the building with the sun’s path this will maximise the environmental conditions on site, but also the added benefit of the view over Swansea Bay.
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[bookmark: _Ref229052652]Figure 3 Sun-path overlay from SunEarthTools showing the proposed hotel footprint in red
The coastal location means the building will be exposed to wind-driven rain, salt-laden air and lateral wind loads mainly from the south westerly direction. The concrete core will enable the structure to resist the wind loading BSI (2011) and minimising glazing on the westerly side reduces the number of penetration points for wind driven rain.  The terrace offers multiple benefits that are not just aesthetic, the terraces allow for areas of vegetation which can provide shade, disperse wind, release moisture to reduce air temperature and they also minimise overhang to allow natural in light Figure 4 Al-Kodmany (2018).  External shading helps improve the performance of glazed areas of the building. 
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[bookmark: _Ref229056030]Figure 4 Section effect of overhang solar radiation control through modification of overhang
Incorporation of vegetation onto the terrace area can also be used to control water runoff. and the planted roof terraces form part of the SuDs strategy.
Where terracing cannot provide appropriate shading, particularly on exposed upper floors or large areas such as curtain walling fixed external brise soleil can be utilised Figure 5. Static solar shading such as brise soleil can address glare and heat gain which may include fins, overhangs, horizontal louvers and vertical louvers. .
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[bookmark: _Ref229200446]Figure 5 External shading options for glazed facades, showing vertical fins, angled brise-soleil and horizontal overhangs. Source: adapted from University of Wales Trinity Saint David (2026c) lecture notes.

The New York Times Building takes this concept to another level and treats the shading as a second skin “sun coat”  
Figure 6.  
[bookmark: _Ref229203342][image: ] 
Figure 6 New York Times Building, showing the external ceramic-rod screen used as a second-skin solar shading strategy over large areas of glazing. Source: Renzo Piano Building Workshop RPBW (n.d.).
It also incorporates ceramic rods into the brise soleil that diffuses sunlight, blocks direct sun, absorbs heat and reduces cooling loads Figure 7.
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[bookmark: _Ref229203389]Figure 7 Section through the New York Times building distinctive double façade RPBW (n.d.).
The sunscreen of the New York times building utilises:
“a distinctive double facade, consisting of an outer layer of 175,000 off-white ceramic rods arranged horizontally and supported on a thin steel frame. These rods not only shift in colour with changing city light and weather conditions, but also serve as an energy-efficient sunscreen, blocking up to 50% of the sun’s rays. This allows the inner facade, made of highly transparent glass, to flood the interior with natural light, enhancing views in and out of the building and continuing the theme of transparency.”  RPBW (n.d.).
[bookmark: _Toc229384122]2.2 Building height and wind loading
The proposed structure will be approximately 30m high (10 floors assuming 3 meters per floor) above finished ground level.  There will be several floors below ground level for parking and a plant room.
[bookmark: _Toc229384123]2.2.1 5 second calculation 
The site is in an exposed site near the coast with strong prevailing winds for the calculation I will adopt a value of 𝑝 = 1.5 𝑘N/𝑚2.
The building will be approximately 10 apartments wide so assuming 4 meters per apartment it will give a building width of approximately 40m. Although the building is terraced, I will assume the area exposed to the wind is a simple rectangle giving an area of 30mx40m= 1200 𝑚2
𝐹 = 𝑝A = 1.5 × 1200 = 1800 𝑘N
The 5 second guess indicates that the building will experience a horizontal force of approximately 1800 kN due to wind.
Overturning Moment assuming the resultant wind force acts at mid-height:
Assuming the force acts at mid height 30m/2= 15m
M= F x z = 1800 𝑘N x 15m = 27000 𝑘Nm 
[bookmark: _Toc229384124]2.2.2 10-minute calculation
The site altitude was taken as 8m from Google earth and the building height as 30m. The shelter height factor was calculated as Zs =0.6×30=18m, giving an altitude value of A=8+18=26m. The altitude factor was therefore calt=1+0.001×26=1.026. The basic wind pressure was calculated using qb=0.5×1.25×232=330.6N/m², which converts to 0.331kN/m². This was adjusted using the exposure and terrain factors to give qs=330.6×1.026×2.9×1=983.7N/m^2, or 0.984kN/m². Applying a pressure coefficient of 0.8 gave a final wind load of 0.787kN/m². For a building elevation of 40m × 30m, the projected area was 1200m², giving a total wind force of 944.4kN. Assuming the force acts at mid-height, the overturning moment was 14,166kNm.
[bookmark: _Toc229384125]2.2.3 Wind load on rough surfaces
Terracing of the building and the addition of balconies or brise soleil leads to a decrease in wind loading on tall buildings and this idea of roughness to the building also applies to vegetation on the structure in terms of green walls Jafari and Alipour (2021).
[bookmark: _Toc229384126]2.3 Life cycle, embodied carbon and durability
Although timber is typically seen as a more sustainable material than concrete it should not be used just on those grounds, timber in the ground is only going to have a short life and this is where consideration for the increased longevity of concrete makes it a more sustainable choice rather than timber Rinke and Hvejsel (2025).  The use of timber above ground reduces the load placed upon the foundations meaning less concrete is required; timbers lower density makes better suited to offsite modular construction which is leads to multiple advantages in terms of reduced waste, higher quality Laboy et al (2025) and Ajayi et al (2018).  For this reason, concrete is retained in the foundations below ground and elements of the structures that are exposed to ground water or high forces or loading. The “mass and stiffness of concrete provide acoustic isolation, fire resistance, and vibration damping” Laboy et al. (2025).  In all other places timber is utilised offering “70% less embodied carbon than reinforced concrete structures” Rinke et al (2025); biogenic materials such as timber can only support decarbonization when protected through designs that lead to significant durability and the potential for reuse Laboy et al. (2025). 
Sustainability is only achieved if timber is responsibly sourced, protected from moisture and decay and the use of concrete is minimised, and lower carbon mixes are feasible; this approach is more sustainable than a single material solution. 
[bookmark: _Toc229384127]2.4 Aesthetics and context
The current site is utilised as a sports facility for the nearby University and is relatively unspoilt with large areas of open grass and mature trees to the boundary of the site.  
[image: ]
Figure 8 Image of the proposed site and surrounding area Google (2026)
The use of terraces reduces the visual impact of the building on the location, and the greening of the terraces lets the building sit with the coastal setting rather than appearing as a hard fully glazed block Al-Kodmany (2018).
[bookmark: _Toc229384128]3. Green walls and SuDs
[bookmark: _Toc229384129]3.1 Green walls
The use of green walls not only improves visual impact of the building, but it also supports biophilic design and can moderate façade temperature and create rough edges which decrease wind loading on the structure Jafari and Alipour (2021).  Green roofs and facades can improve insulation, reduce heat transfer and help regulate the building’s interior temperature Nasr et al. (2024).  It is important to consider the orientation of the green wall as this can impact the effectiveness of its performance.  Green walls placed on the southeast and northwest elevations reduce façade temperatures on hot summer days and can also provide modest winter warming benefit but for the UK climate a southeast or south facing green wall is preferable Gao et al (2023).
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Figure 9 Green wall breakdown and classification Nasr et al (2024)
Due to the south facing terraced design, a continuous living wall is not appropriate, and the design should focus on green roofs Figure 10, planted terraces and limited accessible vertical planting where suitable.  The south facing terrace design creates increased surface area for vegetation and allows for a more biodiverse planting scheme. Cascone states that “diverse plant systems will support more sustainable urban planning and improve the quality of urban life”. This will also provide an improved guest experience, ease of access, reducing maintenance costs, rainwater interception supporting SuDs strategy and localised climate control thus allowing the terraces to function not just architecturally but also environmentally Al-Kodmany (2018). 
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[bookmark: _Ref229297953]Figure 10 Green roof layers Cascone (2019)
A continuous living wall introduces increased maintenance costs, fire risk and potential damage to the building envelope Kotzen et al. (2023).  A full height living wall would create increased management responsibilities and an increased risk of fire if the irrigation system fails leading to dry vegetation; the decaying vegetation would not only look unsightly but also carry a risk of decaying material attracting wood destroy insects and fungi that could pose a risk to the timber structure.  There are also increased detail costs Figure 11 to prevent increased potential of moisture infiltration, and the intrusion of roots can cause chemical and mechanical damage to waterproofing layers Nasr et al. (2024).  Accessible planting areas such as terraces and green roofs facilitate inspection, maintenance and replacement in comparison to a living wall. 
[image: ]
[bookmark: _Ref229299991]Figure 11 Green roof drainage materials: Modular panels (on the left) and granular materials (on the right) Cascone (2019)
Green roofs and planted terraces will provide the greatest sustainability benefits because they will be easier and simpler to maintain.  They will also support rainwater management by reducing runoff and improving water quality Cascone (2019).  Green roofs are commonly used due to their reduce capital and maintenance costs and do not require irrigation however appropriate detailing is required to protect the building envelope as the root systems can chemically and mechanically damage the building envelope and should include a waterproof membrane, anti-root barrier, protection layer and drainage layer Figure 12. 
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[bookmark: _Ref229305126]Figure 12 Green roof layer detail Nasr et al. (2024).  
[bookmark: _Toc229384130]3.2 Surface water runoff and SuDs 
Developments increase surface water runoff by replacing permeable ground with roofs, roads and paving. SuDs are a way to manage water quality, quantity, amenity and biodiversity CIRIA (2015). By treating the SuDs as a visible green infrastructure rather than hidden drainage a three-stage approach is achievable (Figure 3): 1. intercept and infiltrate small storm events 2. delay and detain medium events 3. provide “safe flood paths for larger events Thodesen et al (2022).  
[image: ]
Figure 13 Three-step strategy for stormwater management Thodesen et al (2022).
It should be noted that maintenance of SuDs is one of the most contentious issues and sources of conflict, a clear plan is required at the start of the project to deal with maintenance and its associated costs Thodesen et al (2022).  The use of planted terraces and green roofs form an integral part of the SuDs strategy, and the location of SuDs will be in the lower lying south area of the site Figure 14.  Sitting the hotel at the northern end of the site with the SuDs in the lower south part of the site allows gravity to naturally take the water away.  This also has the benefit of the landscape SuDs ponds and water features to form an integral part of the view from the south elevation of the hotel.

[image: ]
[bookmark: _Ref229326018]Figure 14 SuDs site layout map modified from Digimap (2026) and images from OpenAI (2026b)
[bookmark: _Toc229384133]3.2.1 SuDs calculation 
The greenfield runoff rate was calculated using the UKSuDS / HR Wallingford IH124 method for the full 2.89 ha site. The calculation gives a QBAR of 15 L/s, which is used as the target-controlled discharge rate for the developed site. The post-development peak runoff was then estimated using the CIRIA modified rational method, . The roof area was taken as 0.16 ha with , hardstanding as 0.32 ha with , and the remaining semi-permeable site area as 2.41 ha with . This gives a total estimated post-development runoff of 75.1 L/s.
The excess runoff requiring attenuation is therefore:

For a one-hour storm event:

The attenuation tank is therefore rounded up to 220 m³. Based on the Environment Agency / DEFRA SuDs cost guidance rate of £449–£518 per m³, the estimated base capital cost is approximately £98,780–£113,960. The detailed calculation output is included in Appendix B.

Site groundwater height is around 2m below ground and there are some areas locally to the site that are at risk of flooding therefore infiltration only SuDs is unlikely to be feasible. The preferred approach is therefore green roofs and planters at source, permeable paving in limited hard standing areas, rain gardens and Swales in the landscape, and an attenuation tank with flow control Figure 15. 
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[bookmark: _Ref229326240]Figure 15 SuDs flow structure OpenAI (2026b)
[bookmark: _Toc229384135]4. Buildability
[bookmark: _Toc229384136]4.1 Hybrid structure and modular timber construction
Buildability is a design facilitating construction that meets the client’s needs Lam and Wong (2011).  On this project buildability is optimized using offsite production which means most of the work is carried out in factory conditions and assembled on site.  This leads to higher quality and therefore assembly on site is simplified as modularity and DfMA reduce complexity Bjornfot (2004) and Lu et al. (2021).  Hotels are well suited to modular construction where duplication of similar layouts is repeated throughout the structure.  
[bookmark: _Toc229384137]4.2 Construction sequence
The construction sequence is set out in Figure 16 and the most challenging part of the project will be below DPC, as ground conditions, excavation, temporary works and waterproofing are difficult to fully quantify impacting the programme and costs.  The foundations supporting the timber superstructure will need to be finished to a high level of precision as the prefabricated components rely on tight tolerances. Any timber on site will need careful storage and protection from the weather; once installed it will be vital the building envelope and roof is swiftly made watertight. Once the structure is watertight internal works can start and if site conditions allow it may be possible to begin some of the landscaping and SuDs simultaneously. 
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[bookmark: _Ref229379065]Figure 16 Storyboard for construction OpenAI (2026c)

[bookmark: _Toc229384138]4.3 Logistics

The site is relatively flat 2.89 ha, while the hotel footprint is 0.16 ha, this leaves sufficient space for storage and lay down areas.  Positioning the hotel near to the northeast part of the site maximise the green view from the south elevation but also means only a short access road is required which limits unnecessary impermeable surfaces Figure 17. 
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[bookmark: _Ref229336665]Figure 17 Site layout plan generated by OpenAI (2026d)
Coordination will be the main logistical challenge not the lack of space. Good site planning will enable efficient assembly of the modular components and enable other works such as landscaping and SuDs to also be carried out. 
[bookmark: _Toc229384139]4.4 Sustainability versus buildability
The addition of terracing, green facades, SuDs, and timber improve sustainability, but increase complexity; the increase in interfaces and requirement of specialist skill sets which can be in short supply.  Standardisation through repeatable prefabricated components, such as planter modules, brise-soleil units and timber structural elements, helps reduce construction complexity. It is important to consider these complexities at the design phase, decisions made then can reduce construction complexity and help balance sustainability with buildability Bjornfot (2004) and Ajayi et al (2018); implementation of a rational modular grid supports lower waste and safer construction.  Ease of buildability should also translate into ease of disassembly or deconstruction; components can be easily taken apart for repair or easily salvageable for use elsewhere (recycled) Laboy et al. (2025).

[bookmark: _Toc229384140]5. Conclusion
The hybrid structural approach balances sustainability, buildability and durability. Reinforced concrete is used below DPC for the basement, foundations and core because it provides strength, water resistance, durability and stiffness against lateral wind loading. Above DPC, the modular timber superstructure reduces weight, supports offsite construction, acts as a carbon store and lowers embodied carbon. Locating the hotel in the north-eastern quadrant of the site provides direct access from the A4216 and reduces the length of the access road, thereby limiting new impermeable surfaces. This preserves the wider site for landscaping, planted areas and water features that form part of the SuDs strategy. The south-facing terraced form improves daylight, supports solar control, enhances views, increases opportunities for green roofs and planted terraces, softens the visual impact of the building and works together with the SuDs landscape to create a functional environmental design.
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[bookmark: _Toc229384142]Appendix A: Sun-path analysis from SunEarthTools
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Figure 18 SunEarthTools polar sun-path diagram for the Swansea coastal hotel site, showing summer solstice, current-date and winter solstice paths. Source: SunEarthTools (2026).
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Figure 19 SunEarthTools solar elevation and azimuth diagram for the Swansea coastal hotel site. Source: SunEarthTools (2026).
Appendix B SuDs Calculation 
Green field runoff calculation
From CIRIA (2015)
Eq 24.3 IH24: catchment area descriptor equation
QBAR=0.00108 Area0.89x SAAR1.17x SOIL2.17
QBAR= Mean annual flood Area=Catchment area in km2 =0.5
 SAAR= Standard Average Annual 1940-170 in mm =1136
SOIL + Soil index from FSR soil maps = 0.37
The area is 2.89 hectares which is 0.0289 km2, the equation only works for areas of 0.5 km2 so the result will need to be factored.
QBAR=0.00108x 0.50.89x 11361.17x 0.372.17
QBAR=0.262 for a 50-hectare site
QBAR=0.262/50 = 5.203x10-3 m3/s/ha for a 1-hectare site
For this site 2.89 hectares QBAR=5.203x10-3 x 2.89 =15.0x10-3 m3/s
Converted to litres 15.0x10-3x1000= 15.0 l/s
[bookmark: _Toc229384132]Peak runoff calculation
From CIRIA (2015) equation 24.5 (modified rational method equation to determine peak flow rates)
Q=2.78C i A 
Q= Design event peak rate run off C= Non dimensional coefficient i= rainfall intensity for the design return period in mm/hr A=total catchment area being drained]
The runoff coefficient C is a dimensionless parameter with values ranging from 0-1.  It represents the ratio of surface run off volume to total rainfall depth
High runoff C> 0.7: Asphalt, concrete, roofs. Moderate runoff C=0.3-0.7: Suburban areas, lawns, cultivated land. Low runoff C<0.3: Forest, woodlands sandy soils.
For the roof I will assume C=0.9 even though the value for green roof is lower.
Roof area will be the hotel footprint 40x40=1600m2 or 0.16 hectares 
Q=2.78 x 0.9 x 17 x 0.16= 6.81 l/s
Assuming the sealed road surface areas externally are twice that size 0.16 x 2 =0.32 hectares and a value of C=0.75
Q=2.78 x 0.75 x 17 x 0.32= 11.34 l/s
The total site size is 2.89 hectares 2.89-0.32-0.16=2.41 hectares I am going to assume a value C=0.5 as most of the site will be covered with grass.
Q=2.78 x 0.5 x 17 x 2.41= 56.95 l/s
Total for the site Q Total =56.95 +6.81+11.34=75.1 l/s

[bookmark: _Toc229384143]Appendix C: UKSuDs Greenfield Runoff Calculation Output
Source: HR Wallingford UKSuDS Greenfield Runoff Rate Estimation Tool (2026)
Purpose of appendix: This appendix provides evidence for the greenfield runoff rate used in the SuDs design. The UK SuDs output establishes the pre-development greenfield runoff rate and return-period flow rates for the Swansea coastal hotel site.

Table 1 Summary of UK SuDs calculation results
	Item
	Value

	Project reference
	Swansea coastal hotel

	Calculation date
	04/05/2026

	Tool / source
	HR Wallingford UKSuDS Greenfield runoff rate estimation tool

	Method
	IH124

	Total site area
	2.89 ha

	SAAR
	1163 mm

	WRAP soil type
	3

	SPR
	0.37

	QBAR (greenfield runoff rate)
	15 L/s

	1 year flow rate
	13.2 L/s

	2 year flow rate
	14.0 L/s

	10 year flow rate
	21.4 L/s

	30 year flow rate
	26.8 L/s

	100 year flow rate
	32.8 L/s

	200 year flow rate
	37.0 L/s


How this is used in the report: The QBAR value of 15 L/s is used as the target greenfield discharge rate. The post-development runoff calculation should therefore demonstrate how the proposed SuDs strategy stores, slows and controls runoff before discharge from the site.
Harvard in-text citation: (HR Wallingford, 2026)
Reference list entry: HR Wallingford (2026) UKSuDS greenfield runoff rate estimation tool: IH124 calculation output for Swansea coastal hotel. Available at: https://www.uksuds.com (Accessed: 4 May 2026).


Calculation output sheets
[image: ]
Figure 20 UKSuDS greenfield runoff calculation output, page 1, showing project details, site location and site area. Source: HR Wallingford (2026).


[image: ]
Figure X.2: UKSuDS greenfield runoff calculation output, page 2, showing IH124 method, growth factors and greenfield flow-rate results. Source: HR Wallingford (2026).
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This is an estimation of the greenfield runoff rates that are used to meet normal best practice criteria in line with
Environment Agency guidance “Rainfall runoff management for developments”, SC030219 (2013), the SuDS Manual C753
(CIRIA, 2015) and the non-statutory standards for SuDS (Defra, 2015). This information on greenfield runoff rates may be

the basis for setting consents for the drainage of surface water runoff from sites.

Project details

Date ‘ 04/05/2026
Calculated by ‘ Patrick Furlong
Reference ‘ Swansea coastal hotel
Model version ‘ 223

Location

Site name

Site location

ap (https://www.openstreetmap.org/copyright) contributors.

Site easting (British National Grid) 262949
Site northing (British National Grid) 191950
Site details

Total site area (ha) 2.89 "
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Please note runoff estimation is subject to significant uncertainty. Results are therefore normally reported to only 1 decimal
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“zero’ figures from being reported. Outputs less than 0.01 /s are reported as 0.01/s.

Disclaimer

This report was produced using the Greenfield runoff rate estimation tool (2.2.3) developed by HR Wallingford and available at uksuds.com (https://www.uksuds.com/).
The use of this tool is subject to the UK SuDS terms and conditions and licence agreement. which can both be found at uksuds.com/terms-conditions
(https://www.uksuds.com/terms-conditions). The outputs from this tool have been used to estimate Greenfield runoff rates. The use of these results is the
responsibility of the users of this tool. No liability will be accepted by HR Wallingford, the Environment Agency, Centre for Ecology and Hydrology, Wallingford

Hydrosolutions or any other organisation for the use of these data in the design or operational characteristics of any drainage scheme.
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