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Supplementary Materials: Macro Micro Studio: A 
Prototype Energy Autonomous Laboratory 

Neil Burford, Rod Jones, Stephen Reynolds and David Rodley 

1. Project Background, Facilitation, Funding and Limitations of the Research 

1.1. Facilitation of the Research 

The research was conducted as an interdisciplinary student project lead by the Macro Micro 

studio, a Masters Unit in Architecture and Planning [1]. The design was delivered by two cohorts of 

architecture students between September 2011 and June 2013. Following this, a number of students 

continued beyond their academic studies to assist in completing the construction of the building shell 

and internal fit-out. The majority of the construction was undertaken by students, with the exception of 

a number of specialist trades. Parallel quantitative research projects were conducted by MSc students 

in the departments of Physics and Engineering over the course of three years to support the design 

studies, including the sizing of the renewable energy system, FEA analysis of the structure, predicted 

environmental performance of the building using PHPP and a Whole Life Cost and Embodied 

Carbon analysis. Further input to the research and provision of the Structural Engineering Report 

(SER) was obtained from a major international engineering consultancy, a major international 

contractor advised and assisted in some aspects of the construction and Construction Design and 

Management (CDM) certification was obtained. Site overview was provided from the Universities 

Estates and Buildings Department. Edinburgh Napier University, Sustainable Construction Institute 

(SCI) advised and helped facilitate the acquisition of materials and systems for the building frame. 

1.2. Project Phasing 

In the first year between September 2011 and June 2012, the design was developed from concept 

to building warrant submission [2]. This initial stage was based on a design brief for a working studio 

environment for an Architectural Masters unit of 12 students occupying the space. The initial 

construction was based on a new Scottish manufactured Cross Laminated Timber (CLT) panel that 

was being prototyped by NorBuild in Forres in conjunction with SCI, using small element low-grade 

Scottish timber. The CLT was later substituted for a light weight frame due to the CLT being at too 

early a stage in development. The initial energy strategies and quantification of energy generation 

defined the PV area, roof angle, battery store and wind turbine size based on predicted data. An 

important aspect of this work was an economic feasibility study which considered revenue generated 

from government Feed-In-Tariff’s that influenced the development of a business plan to underpin 

the future funding of the construction. 

In the second year between September 2012 and June 2013, the brief was adapted to include wet 

services, a toilet and kitchen making the building suitable for letting commercially. The toilet was 

subsequently removed due to space constraints as a relaxation was obtained from Building Standards 

to use existing toilets on site. The occupant capacity was reduced to four people—considered a more 

realistic occupancy for the size of the space and in recognition that PH compliance could not be 

attained with the original occupancy target. A new Building Warrant application was submitted in 

early January 2013. The move to a lightweight frame facilitated the construction to be prototyped in 

the Fulton Structures Laboratory in Engineering, before being disassembled and moved to the site. 

Construction on site commenced in January 2013, with the timber frame being erected by the end of 

June 2013. Over a further nine months the remainder of the construction was completed, but with a 

delay in the electrical installation, meant that the final commissioning of the building at its current 

stage of development wasn’t completed until August 2015. At present, research funding is being 

pursued for the next stages of the research. 

1.3. Project Funding 
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The project was funded primarily through industry in-kind donations of expertise and material 

of approximately £100,000. A number of main contributors were identified at the start of the project 

with the remainder being brought on board during the course of the project’s development. A 

business plan was developed, after a failed Kickstarter bid, around revenue generation from rental 

of the space post-completion and Feed-In Tarrif (FIT’s) income from energy generated from the 

renewable system. The University allocated £30,000 with a return on investment at the end of a three 

year period following completion. Additional funding was secured from the Scottish Forestry 

Commission, Creative Scotland, Scottish Funding Council Innovation Awards and a number of 

charitable trusts of approximately £50,000. This grant funding was developed around discrete 

elements of research e.g. the visualisation of data and the integration of renewable technologies. 

Charitable grants were used to pay for consumables and student labour beyond the end of the 

academic year. 

1.4. Challenges and Limitations to the Research 

The challenges to the project were exacerbated due to the fluid open-ended nature of the design 

as a result of having to train new student cohorts, lack of capital funding, uncertainty of industry 

contributions and the complex interdisciplinary, professional and industry interactions and 

timescales. The highly experimental nature of the design and technologies meant that many aspects 

of the project were unknown and with little previous precedent to refer to, increased the risk of 

failure. Some of these aspects such as the battery and energy management remain unresolved and 

require further major research investment. Managing the design and construction of a high 

performance prototype, the health and safety issues associated with unskilled labour coupled to 

existing demanding academic workloads has resulted in compromises and delayed the completion 

of the project. Limitations in the value engineering of the system has resulted in performance 

compromises. The ambition of the project to find solutions to new and non-traditional problems in 

creative ways captured the interest of industry due to the potential for product development and the 

considerable exposure brought by the innovative design. Some impact has already resulted from the 

work; being nominated and winning several design awards; being used as exemplar best practice by 

numerous suppliers; popular press, professional and web based dissemination has raised public, 

professional and political awareness of building energy efficiency and renewable energy requirements 

locally and nationally. 
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2. PHPP 2007 Results 

 

Figure S1. Passivhaus verification sheet. 
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Figure S2. General summary of data and performance . 
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Figure S3. Area calculation sheet. 
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Figure S4. Area calculation calculation sheet. 
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Figure S5. U Values of building elements calculation sheet. 
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Figure S6. Heat losses via ground calculation sheet.
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Figure S7.Solar radiation and window U Value calculation sheet.
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Figure S8.Shading factors calculation sheet.
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Figure S9. Ventilation calculation sheet. 
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Figure S10. Specific space heat demand calculation sheet.
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Figure S11. Specific annual heating demand calculation sheet.
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Figure S12. Specific space heating load calculation sheet. 
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Figure S13. Summer ventilation calculation sheet.
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Figure S14. Summer shading calculation sheet.
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Figure S15. Summer ventilation calculation sheet.
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Figure S16. Specific useful cooling demand calculation sheet.
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Figure S17. Heat distribution and domestic hot water calculation sheet.
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Figure S18. Electricity demand calculation sheet 
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Figure S19. Auxiliary electricity calculation sheet
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Figure S20. Primary energy calculation sheet
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Figure S21. Climate data calculation sheet. 
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Figure S22. Internal heat gains calculation sheet.
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