Energy Masterplanning & Net Zero
Retrofitting on the FHE Estate
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Why business as usual is no longer an option

How to develop a decarbonisation strategy/masterplan that offers optimal value for money

The input required to steer through the fog of options that exist:
» Fabric & MEP surveys

» Cost information

* Energy modelling

« Stakeholder engagement

Lessons learned from modelling outputs

Creating a holistic business case and deliverable plan
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Planning for Net Zero AN . J——

Supporting strategic decision-making on the fabric upgrade of existing built assets and their future carbon cost
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Building Fabric Assessments - Survey Outputs oberandors | 15auLD

Photographic survey Thermal Envelope Report Retrofit Opportunities and Constraints Report
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613 - James Clerk Maxwell Building
€36 Akich v [ Sy
A e
- Alarge education buildng primarly used for mathematics and physcs, covering & flors. The cental
- poron of he buiing was constructed in the 19605 wih several smaler extersions. bult hrough the
o705
The consiucton is pracast concrete columns and floor iabs wit a we-eaf,non-siructral,_brick wall A
- row o gazing sk the top of each foor between the comns, Wih various down. t-Toor windows
Gstrituted troughout, The east extension wing features a rbbed brick wall and fo the orth ice 1 @
curve of oo lcture theaters
Key Focus Areas
+ Ganddate for medium reroft, orore deperding onthefeasitilyof decart
: ! foor Ewi approprate for
s biding
g « Airlighinoss kel 1o b leaky,leading f signficant enargy oss.
eplacorment of windows coud Improve airLghtnass. An adequate ventiation srategy would ba
recuired i air-ghiness were sgnificanty improved
+ Replacoment of windows wih improved coue o trpe glazing would improve tharmal
performance and user confor. Placed asiragals rather than the curtent spit panes would
sigifcanty improve gazng performanca (by roducing the gang perimeter tharal bridg).
+ Guront rooflghts over the computer an workshop biocks wil cause ignfcant hea. 0ss.
s + “Tho fla roofs present an area which could be ulized - accessibe and | o groen, Gving more
useable space and enhancing th user axperience o the buding.
lenance attemtion, inclucing camp patches, may need requre  atenion in
coninction with any imgroverent work.
+ Aong wih an upgrace of wals and windovs, r-tinking of he heatng system could Jead fo a
moro offcientand conrtable system.
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Site Plan of Kings Buildings Construction Typologies

Joseph Black

Murchison 5 KB House / Rankine
ignificant, listed building, prominent within the campus. Currently
B cheively;mocer bubings I t ma fave weak spofs ieritied in energy intensive n s use s a lab and fume-cupboard heavy /Bell
thermal imaging or ai-tightness testing. building. Internal Relatively modem buldings that John Murray / March

Rankine requires upgrading/maintenance tothe PV array, which may.
entail a new facade and an opportunity for improvement.

Mixed architectural and use, suggest there
may be an opportunity for re-using the site
of these buildings either in support of
Ashworth or for new energy centre -
physically close to the existing Energy

working with HES to identify incremental upgrades that would
safeguard the structure for the future.

‘may have weak spots identified in
thermal imaging or air-tghtness
oy , testing
Accommodation Christina Miller Rankine requires

Similar in style to Fraser Court at Pollock Modern, purpose-built lab building which delivers more. upgrading/maintenance to the PV
Halls. exist to impr ‘Small improvement array, which may entail a new
cavity masonry construction and best be identified with thermal imaging and air-tightness testng. facade and an oppartunity for
upgrading of windows and curtain wall. improvement.

Sanderson / Ashworth /

Grant/ Crew

Historc solid masonry buidings that wouid
beneft from incremental improvements,
most signifcenty glszing upgrades.

Intemal wall insulation is a possbilty only
ifinternal space allows and in consultation
with HES regarding significant intemal
architectural features.

Alrick

System build with 80s extension. Clear
floor plates suggest a strong candidate for
intensive retroft and a fiexibie fioor plan
that could support a variety of schools.
during decentment for otner reroftshew
buids.

Fleeming / Faraday

Two diferent buildings with & questionable
future - could these be.
intensively-retrofitted and support Alrick in
housing temporary occupants?

Daniel Rutherford
'Recent and still-in
construction buldings. I
eneroy perfomance was a
concern air-tightness testing
‘would highlight any leaky
aress for remedial works

Roger Land /

Architecturally significant, partially refurbished building /

adjacent to the new Engineering Building. The building is JCMB Swann

detaled i sich  woy thatthers are spificant cad bicges, Snificant buiding, rominent within the campus. Although nat Esrfy 90, buik-for-purpose ceillar biology Iab with same recent lab
and the curtsin walling is likely to be quite ‘leaky’ listed, the facade is architecturally significant, and would not be renovations and offices on the lower floors. Thermal imaging.

‘Spacially there is 2n opportunity to create a pleasant. suited to external insulation. There is extension, eliberately. highlighted mast energy leaks are through end around the edge of N

pRkig the fost of the upgrading of ‘windows, and this would be the area in which to concentrate.
pe setting Thermally, P a 2
e performance, and potentially s a candidate for internal insulaton wpgrades.

dependent on internal space consirints ‘
Currert basement data cenre hold potentialfor heat capture, or )
integreion wih & new energy centre.

more efficient lab-space

oberlanders
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Listed Buildings - retrofit will be
largely constrained to intemal
improvements in consultation
with Historic Environment
Scotland (HES).

Type 1
Solid masonry 19th-20thC

Type 2
Brick masonry early 20thC

Type 3
Brick-facing masonry 1970s

Type 4
Block masonry 1960s

Type 5
Block masonry 1980s

Type 6
System-build concrete 1960s

Type7
System-build concrete 1970s

Type 8
Hybrid Steel / Concrete 1960s

Type 9
Hybrid Steel / Concrete 1970s

Type 10
Mid 90s - early 2000s (majority
steel frame)

Type 11
<10 years (majority steel frame)

Case Study

Jtalics Non Case Study

BURO HAPPOLD




Building Construction Typologies

KEY:

Case Study Building
Non case study
building

TYPE 4
Block Cavity
1930-70s

Unlisted Buildings:

* 620 - Scotland’s
Rural College
(SRUC)

*  624-Crew

Building Teaching

Lab

TYPICAL RETROFIT
OPTIONS

ROO

F  RFO1 - Insulate above flat
deck

+ RFO3 - Insulate pitch roof
at attic level

GLAZIN

6 GO01-High
performance double
glazing

+  GO02 - Enerphit
standard triple glazing

+  G07 - High performance
double glazed curtain

ROG#all

LIGHRIS2 - High
performance
flat roof-light

AIR-TIGHTNESS

MEASURES

L ]
oberlanders

TYPE 5
Block Cavity
1980-90s

Unlisted Buildings:

* 3062 - Student
Accommodatio
n

TYPICAL RETROFIT
OPTIONS

FLOO

R FO3 - Apron perimeter
insulation

. F04 - Insulate over exposed
floor

WAL

b External Wall Insulation (EW1)
with rainscreen or render
finish

F  RFO1 - Insulate above flat
deck
RFO03 - Insulate pitch roof
at attic level

GLAZIN

6  GO1 - High performance
double glazing

. G02 - Enerphit-standard
triple glazing

. GO08 - Enerphit-standard
triple glazed curtain wall

ROOF-

LIGHRE02 - High performance
flat

AR-TIBHIMESS

MEASURES

FAITHFUL |
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FLOORS WALLS FLAT ROOF WINDOWS ROOF LIGHTS AIR-TIGHTNESS
Is decant an option? | | Can facade be affected? | | Is roof accessible? | | Can glazing be altered? | | Are roof lights on a pitch? Are areas of air leakage
known?
l No No
Yes No Yes Yes No Yes Yes No
Can internal No
Can the Is rainscreen face of Are roof
floor be a suitable external wall or lights in a flat Undertake air
excavated? finish? be altered? roof? Yes tightness test
Yes No J,
Yes No
No Yes 3
PITCHED ROOF CURTAIN WALL Consider
No Gonsider other energy
i, s internal disruption saving ill improved air-tightness
iy Isi I di i i Will i d air-tigh
—m | Is attic accessible? | acceptable? measures affect air quality?
Yes l Yes
Yes Yes
Is insulated Include

render a appropriate

suitable Is decant an No or No ventilation No
finish? option? measures

Yes No Yes

Consider Consider Apply appropriate air-
@ Wo1 other other tightness measures to external

strategies strategies envelope

High Performance Doudle
Gazng

Consider other strategies

EWI (External Wall Insulation) is
rarely suitable for Listed buildings.
For unlisted buildings, EWI is
preferable as it can create a
continuous warm envelope.

WO06-Cavity Insulation is not

recommended as a single measure,

unless the risk of thermal bridging

and cold spots can be mitigated. Strategies G05 & G06 have a
It can be used in conjunction with similar decision process to wind
other strategies. interventions.

High Performance
Commercial Aoof ight

High Perfomanca Flat
Rooflight

6600000000}




842 - Lee House

oberlanders

Five storey student accommodation tower.

The building was constructed in the late 1960s as part of the Athlete's Village for the
1970 Commonwealth Games. It is very similar to 4 other residences (836 - Baird,
838 - Ewing House, 840 - Grant House & 844 - Turner House)

The oonstruction is ‘system buikd’ conorete panel, blook and curtain wall, with

Thermal Image of eastem and southem facade and entrance porch. Indicates varnous tem-
perature changes across the exsting building fabric. Refer to Thermal imaging Report for
formal analysis

Buiding Type (see pg. 3-4): Type 6 - System-Build Conorete - 1960s
Buiding Age: 1960s

PREFERRED OPTION INTERVENTIONS

P N e |
Heritage Listed: -
Notable Features: Vertical Curtain Wall strips down all facades. Large accessble flat I l
roof
Previous Retrofits: - 1 1
—— - - 1 1
Item Light Medium 1 Intensive 11 1
FO4 - Wod - WOS - Living wall modular
1 200mm cladding system on support |
(assumes minsral slab 100mm mineral wool
G " G y I uncersice). mechanicaily fxed fo on existing  Insulation on existing wall.
Ground Floor " = I Insulate Floor & Apron 1 . 1
[| ==——— ] 1 AC VALUE: 0ASWAWK  ACHIEVED U VALUE: 025w |
Walls - North o I ot e 1 1
Facade Enerphit 1 Enerphit | 1 o 1
P - e o WU "
EWI - Rainscreen s
Facade Enerna e | Ewi-Livingwan | g o _ 2 I
Walls - East & Wo2 1 wo2 | I WO2 - Rainscroen Cladding IRFO4 - Remove axisting root !
West Facades EWI - Rai EWI - Rai 1 Coveteg & mmistion. 4oy pemar o 1
mwn Insulation on existing SomamS m‘:’" D
RF04 150MM IChTWOIINT QoW Medium
Roof Insulate above Flat IIBLHIQMFHI Insulats above Flat Root I I § with rolled turd. l
Roof Dack Roof Deck Deck with Gresn Foot ACHIEVED U VALUE: 020W/MYK  ACHIEVED U VALUE: 0.11W/nYK
. Go7 ! I
Glazing & General Hign performance Goo |
Curtain Wall Maintenance e I m‘a;:"r ! 1 1
1 g 1
EElkTIE Manonancs R 1 1
flatrooflignt | flatrooflight || I 1
1 1 GOS8 - Assume glazed and solld  RLOZ E01 of whole-
Ventilation .,JG,::;L - Improved 1 mn 1 1 pansis with average U value roof dome mechanical veattason |
. ‘sultable for Enerphit, tripie With heat recovery. ASsume use
1 of high performance 1
A1 A01 & AD2 Ductwork to be Insulated and
Air Tightness Seal Service Parge Coat to 1 ALL STRATEGIES 1 l U VALUE: VALUE: 1.40W/MPK l
Penetrations Masonry 1 1
N )
Preferred 1 1
Preferred Option 1 1
Lee House is a heavy energy user and thus is appropriate to consider for intensive
retrofit. Significantly the ourtain walls and walls are a large area, and improving the I l
performance of these elements will save the most energy. Similary, the roof is likely
to be a poor insulator, so improving it should be a high priority. 1 1
The walls have also been shown to leak energy with thermal imaging. A living wallon | ﬁ?’mﬁum 1
the sunlit south facade will also make aesthetic improvements, in addition to better roveaks
insulating the residence. ] R e Cot L 1
AD1 - Soal Sorvice Penstrmtions
Ground floor insulation and improvements to air tightness will be possible when I o~ 1
implementing an intensive retrofit. Safe access to the floor solum is to be confirmed . 1.0 m¥h.) @ 0P8 a2
—— e e e - -

University of Edinburgh - Energy Masterplan - Fabric Interventions

16
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Policy paper
Net Zero Strategy: Build Back Greener

This strategy sets out policies and proposals for
decarbonising all sectors of the UK economy to meet our net
zero target by 2050.

From: Department for Business, Energy & Industrial Strategy
Published 19 October 2021
Last updated 14 December 2021 — See all updates

Documents

Net Zero Strategy: Build Back Greener

Ref: ISBN 9781-5286-2938 6
PDF, 36.3MB. 368 pages

This file may not be suitable for users of assistive technology.

P Request an accessible format

v Toples

- Coronavirus (COVID-19) | Late

Home > Housing, local and communj g ‘ m
Cos, ~€ro

Gui(?an?e ) G(//'Q'e 2@2’“ Off )
Building Regulations: Ap YAk ..
Documents L, F and Overheating f’Ons

(consultation version)

2021 consultation-stage guidance for Approved Document L
(conservation of fuel and power), Approved Document F
(ventilation) and Overheating.




Costs

Cost Accuracy

Benchmarking &
Bottom Up Analysis

|~
Financial Modelling &

|
Cash Flow KE J

Whole Life Cost =
Analysis K()

Qﬁ

Contractor
Engagement

Manage the
Metrics

Design
Efficiency

-
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Success for you

Informed Design Decision

Accurate Cost Modelling

Real Time Optioneering

Value for Money Focus

Lifecycle Cost Analysis (Net Present
Value)




Costs

Cost Modelling Data

W:WALL WTERVENTION

T WOI[WI- VENTRATED

Tirom exterral
- eaisting wall (40 lath and plaster { fequired).
- aooly 6mm ime parge coatiequalsng

6mm me parge
- Gyptrama 70 5 50 C studs, nsulated between wth S0mm isoroil;
- 12.5mm TE . SKIM COBL, GECOration

- 25mm Rockfioor
- strap out infernal walls to match insulated zone, plasterboard, skim, decorate.
- remove fioor screed 1o allow 1m perimeter instalation of RockMoor. alowance for reinstating floor firksh on 22mm ply on Rockfioor

-veL
- Sow 101 (EAIAING winoOW CllS feveds, SKIFtng el

EE§

W02 EW1 - RANSCREEN

WOT| FRAME OUT T EWT ~Temove.

o1l Lo,

- itemal parge coat o inner biockmasoney for ar tghtness;

- 25mm banenes senvice zone,

- 12.5mm TE (Gyproc ). SKIM Coat. Jecoration

. ng of per oaves,
- acustment of cownpives etc 10 new extema face.
- works 10 maintain Foof ventlafion af SofTE.

~Fraser Cout
- Alck

ar layer,
- ntemal parge coat o nner blockmasonry for ar ighiness:
- 25mm batiened senice zone.
12.5mem T/E plasterboard, skam coat dscoraton.

~Loe Tower

NG Curtain WaNDox Oul
- install 140mm frame 81 insulated with mineral wool bat

- Pro-Clima intelo i-Sriness layer instaled 1o intemal face of framing

- strap oul internal face 25mm and fine wilh VCL-backed plasterbodrd, skim, decorale (Gypro¢ WalBoard Dupiex )
- mm 0SB external sheathing

- rom exterral apciled across tacade]

. Sto rence system
- Stotherm Mineral 100mm mechanicaly fwed 10 framing and exstng sucture.

o
- S10 sytem a3 above appked drect 1o masonvy Cavity wall areas

FAITHFUL |
oberlanders “1GouLp
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- existing wall (strip lath and plaster if required);
- apply 6mm lime parge coat/equalising coat;
- Gypframe 70 S 50 C studs, insulated between with 50mm Isoroll

- 12.5mm T/E VCL-backed plasterboard (Gyproc WallBoard Duplex), skim coat, decoration.
- 25mm Rockfloor insulation layer returned to floors and internal partitions by 1m to reduce thermal
bridge impact;

- strap out internal walls to match insulated zone, plasterboard, skim, decorate;

- remove floor screed to allow 1m perimeter installation of Rockfloor, allowance for reinstating floor
finish on 22mm ply on Rockfloor;

- VCL continued and sealed to concrete floor slab / internal partitions.

- allow for reinstating window cills, reveals, skirting etc

- Adjustments may be required to RWPs

8.00
25.00
64.20
37.50

32.00

10.00

8.00
40.00

£ 224.70
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Practical Considerations
Decant costs Capital cost breakdown

Science & Engineering Campus

— — _

Office N/A
Teaching 5.5
Lab 50 w
Residential Campus
Residential Individual building case

B Heat network costs B Demand reduction costs

B Enabling costs = Decant costs
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Site surveys Counterfactual

Retrofit& Net 7ero

enabling
interventions pathway

Retrofit Zero emission
modelling heating




Possible Interventions

Fabric Interventions

« Additional roof insulation
e Additional wall insulation

» External or internal (dependent on
condensation risk)

* Not feasible for listed buildings
Additional floor insulation
* Improved glazing
* Replace single to double and double to triple
» Secondary glazing for listed buildings
EnerPhit?

e
FAITHFUL :®"

— B - BURO HAPPOLD
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MEP Interventions

« LED lighting
 Lighting controls
« CO2 controlled ventilation (VAV)

* Replace DHW storage with instantaneous water
heaters

» VAV fume cupboards (auto sash closers)

* Increased energy submetering and monitoring
« eTRVs

* Heating zone valves

« Adding heat recovery to ventilation systems

» Power factor correction

* Fit shower restrictors

» Waste water heat recovery from communal
showers




Probable Interventions (based on payback)

Fabric Interventions

« Additional roof insulation
e Additional wall insulation

» External or internal (dependent on
condensation risk)

* Not feasible for listed buildings
Additional floor insulation
Improved glazing
* Replace single to double and double to triple
» Secondary glazing for listed buildings
EnerPHit?

\_\s" 3
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MEP Interventions

LED lighting
Lighting controls
CO, controlled ventilation (VAV)

Replace DHW storage with instantaneous water
heaters

VAV fume cupboards (auto sash closers)
Increased energy submetering and monitoring
eTRVs

Heating zone valves

Adding heat recovery to ventilation systems
Power factor correction

Fit shower restrictors

Waste water heat recovery from communal
showers




Demand Reduction Trends e MU @ 8URO HAPPOLD

Science & Engineering Campus Residential Campus

® Space heating ® Domestic hot water B Space cooling ® Electricity




Additional demand reductions versus capital cost I @ suRo HAPPOLD

Science and Engineering campus  Residential campus

Energy savings, kWh/year
Capital cost, £
Capital cost, £

Energy savings, kWh/year

Light Deep All interventions Light Deep All interventions




Metrics used to compare options

£/tCO2e

£/tCO2e

Light

M Residential

Deep

M Science + Engineering

All interventions

£NPV

oberlanders

e,
K .

FAITHFUL | @
TlcouLp A

S+E, Light
S+E. Deep

BURO HAPPOLD

NPV, comparing against counterfactual

e S+E, All interventions

Resi, Light

e Resi, Deep

e Resi, All interventions




Making it happen

Masterplanning

2
Grew Buikding
Toaching Lab

676
Flowave
T Buiding

Roger Land

]

Joseph Black

Significani, lsted builing, prominent within the campus. Currently
energy itensive i i use as a lab and fume-cupboard heay
buding. Potential o re-imagine the interal courtyard space whist
working with HES to idenify incremental upgrades that would
safeguard he siructure for the fuure

Christina Miller

Modern, purpose-built ab builing which delivers more
anergy-sfficint lab space. Small mprovement opportunites coud
best bo identied wih therma imaging and air-tghtness tesing.

Fleeming Jenkin
A stecl-{rame buiding with concrete fioor
siabs, and aged curtain walling. A large floor
piate and flxible facade presents an
opportunity to significantly increase the
energy offciency while offeing flexble use
optios.

Ersiine.
|Witiamso

i==

/JCMB

Architecturally signficant, parially refurbished buiding
adjacent to the new Engineering Buiding. The buiding is
deailed in such a way that there are significant cold bridges,
and the curtain walling s likely to be quite ‘eaky'

Spacially, there is an opportunity 10 create a pleasant,
mixed-used building making the most of the courtyard space
and the landscape setting. Thermally, there is potenal that a
decp-retroft former engineering buiding could provide more
efficient lab-space.

Site e Lrr 1
Plan

Significant buiding, prominent vithin the campus. Although not
lsted, the facade s architecturally significant, and would not be
Suited to external insulation. There is extensive, deliberataly.
patterned glazing, the upgrading of which could improve
performance, and potentially is a candidate for intemal insulation
dependent on intemal space constraints

Current basement data cenre hokds the potential for heat capture,
or integration with a new energy cenre.

oberlanders

Alisted sandstone buiding with teaching
spaces and sawtaoth workshops 1o the
rear. A good example of a solid masonry
buiding with various areas for upgrade and
2 number of complex junctions.

7,
Sanderson /
Z

Alrick
System buid with 80s extension. Clear floor
pates suggest a strong candidate for
intensive retroft, and a fieible fioor pan that
could support a variety of schools during
decentment for ther retoftsinew buids.

Bold

Italics
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KEY

Listed Buildings - retrofit
will be largely constrained
to internal improvements in
consultation with Historic
Environment Scotland
(HES).

Intensive Retrofit - potential
for significant wholescale
fabric andlor servicing
upgrade.

Medium Retrofit - likely to be
unsuitable for wholescale
refurbishment, but significant
improvement potential
through discrete packages of
work

Light Retrofit and Remedial
Works - likely to be identified
through further tests such as
air tightness and thermal
imaging which will highlight
problem areas.

New build

7 Likely demolition

in <5 years

Possible demolition
in <10 years

Potential Energy Centre
locations for discussion
with University
stakeholders

Case Study

Non Case Study

BURO HAPPOLD




Stakeholder Engagement

» Estates Development Managers
« Construction Managers

« Building Services Leads

« Building Surveyors

* ICT Leads

* Maintenance Leads

« Space Planners

* Energy Services Company Board
« School and College Liaisons

* Academic Leads

« Building Managers

* Third Party Tenants

* Municipal Planners

» Business Planning and Development Leads
* Finance Business Partners

oberlanders
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Holistic Plan

Strategic Space Planning

Major Projects Planning

Minor Projects

Backlog / PPM
00000

Energy Strategy

® Capital

Plan

FAITHFUL |
TcouLp
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oberlanders

One Plan

Coordinated Delivery Programmes
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Opportunities Beyond Energy

Certain buildings will offer the opportunity to achieve
excellence in the field of energy, along with
improving user experience and promoting wellness.

Pollock Towers:
Suitability for Enerphit
Form factor appraisal

'Form Factor' For Enerphit, <3 would be the optimum form factor.

Total External Envelope Area
divided by

"Treated' Floor Area = 1.1

‘Treated" Floor Area

Intenal floor area is
measured according to
Passivhaus criteria, not
ineluding interal partitions or
areas <1m in height

Total External Envelope Area

The surface areas that allow
heat loss through the fabric
Opaque and glazed areas are
included

LEE HOUSE
EXTERNAL ENVELOPE
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If you have any further questions on the content or queries about
decarbonisation and energy master planning please feel free to contact us at:
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