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CEC’s Operational Estate, New Build
Net Zero Approach

New projects delivered across the Operational Estate by The Sustainable
Development Service, Capital Projects Team (CPT) are briefed to deliver Certified
Passivhaus Classic Standard with Low Zero Carbon (LZC) primary plant (for example
heat pumps) as the default.

This addresses key deliverables:
» Contributes to design and construction quality (Cole Report) initiatives

« Addresses building energy performance gap (many new builds perform below
expectations)

« Delivers a low energy building which facilitates cost effective deployment of LCZ
primary plant

» Passivhaus is primarily a comfort standard ensuring suitable conditions for building
occupiers

* Robust approach to address SFT’s energy targets for schools (funding related)
» Contributes directly to delivering Net Zero Carbon aims
* Now addressing NZPSB standard
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Addressing the existing CEC
Operational Estate

The bigger challenge from both a technical and funding perspective
will be addressing the existing Operational Estate.

Excluding PPP/DBFM schools and Edinburgh Leisure properties,
there are approximately 400 heated buildings across the Operational
Estate which require to be addressed.

The variety of buildings is extensive:

30% are over 100 years old. 40% built within last 50 years.

There is also an opportunity to show leadership in setting out an
approach to delivering this objective.




The challenge In addressing existing buildings

« Existing buildings have greater limitations in

delivering low energy solutions. Orientation and
form are already fixed. Building location, orientation
and form
* However, there is still opportunity to improve the
building fabric and airtightness. Fabric element design
Airtightness and
ventilation

» The Passivhaus disciplines provide the most robust
approach to addressing building fabric without
compromising building user comfort.

» For retrofit of existing buildings the Passivhaus
standard is Enerphit.

Renewable
technology
Appliances &
lights

consumption prior to the deployment of LZC primary o
‘[;erl’ﬂi

Decreasing opportunity to
reduce energy use

* APilot based on Enerphit Informed methodologies
and tools has been undertaken. This approach
delivers the required building analysis, setting out
potential interventions to reduce energy

plant or connection to any local Heat Network etc

» Suggested delivery vehicle would be the Asset 0
Management Works programme as there is close Certified N\Q/

Retrof}
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Anticipated scope change to typical annual lifecycle
elemental replacement programme

Current typical AMW ‘condition’ scope Potential Deep Energy Retrofit (Enerphit Informed) scope
(some or all provisions implemented to varying level)

Roof (replacement with insulation to Bldg. Roof replacement + enhanced insulation to Higher or PH std
Std.)

Window (replacement double glazed) Window replacement + triple glazed to PH std.

Wall Insulation (not addressed) Wall insulation to Higher or PH std/air leakage reduction
Underfloor Insulation (not addressed) If possible, underfloor insulation

Improved mech vent and heat recovery (only  Improved Mechanical Ventilation and typically Mechanical
replace existing) Ventilation and heat recovery (MVHR)

External door seal/insulation (not addressed)  External doors potentially improved to PH std

Boiler/mechanical services replacement Resized heat source, address DHWS efficiency and catering loads,
if necessary address low temperature flow temps, provision of LZC
primary plant.

Electrical rewire Electrical rewire, address potential requirement for increased
connected load (programming implications)

Solar shading (not addressed) Potential solar shading requirement



Pilot Study
Presentation Overview

*€DINBVRGH?

THE CITY OF EDINBURGH COUNCIL

This presentation provides a brief overview of the

feasibility study, including: “NH:""‘HI IHHIIH aq.

Initial site investigations
Liberton Nursery analysis, options/costs

- Brunstane PS analysis, options/costs Currie & Brown
 Prioritised weighting methodology (Investment Decision)
* Quality

Next steps FAITHFUL
“1GouLD



Pilot Study , On site investigations

: Eastern wall to Store between Office
: & Resou rea

Fan set up at Brunstane Primary School

Two buildings selected for the Pilot to take to feasibility ‘investment
decision’ stage.

Liberton Nursery and Brunstane PS
« These were selected as they presented very different challenges
« The initial work included significant building investigation and testing:

Air leakage pressure testing il
Opening up to have certainty of main fabric element make up
Thermal imaging

Insulation (U value ) on site testing

In addition, where necessary, the buildings were 3D scanned
to facilitate the required analysis and minimise on site survey |
time. b e i




EnerPHit Informed Pilot
Methodology

Following the extensive site investigations
the following steps were taken

Establish reliable thermal/energy
performance model PHPP (baselined
against existing performance)

Set out a suite of full interventions for
analysis (cost, carbon and thermal
performance). Capture in Enerphit
Informed Retrofit Plan EiRP.

Develop a decision making weighting
system to balance the competing criteria
to provide some consistency of approach
to those making the investment decision
(Total Performance Index)

All informing an Investment Decision on
which option should be taken forward to
design and delivery. This is a CEC
decision outside the scope of this
feasibility.

Understanding the existing
building

EnerPHit Informed Retrofit
Plan (EiRF)

Set of measures for each

developed retrofit scenario.

Energy performance
modelling (PHPP)

Embodied carbon
maodelling (Eccolab)

Capital cost estimation

Viability testing scenarios

Mext steps: How to go from EIRP pilot studies to an estate-wide EiRP:

Approach based on

building characteristics:

Fabric
retrofit
approach

MEP retrofit

approach

Pilot building vs.
estate buildings

Scale

Farm
factor

Heritage
value

Function

Existing
condition

Construction

Output adapted based on how

estate buildings compared to
pilot building characteristics

Assessment of performance
of viable scenarios in terms
of: life cycle carbon, cost,
indoor health and heritage
value.

Translating into consistent
indices

Establishing weights for
criteria by determining their
relative importance of the
criteria.

Selection of optimal option
based on Total Performance
of scenarios

From pilot studies to an
estate-wide retrofit plan

(beyond the scope of this
paper, see publication of
Report Number 2)



Liberton Nursery
Pilot Project No 1

Existing Building Characteristics

This building is of architectural
value. While not listed it is located
within a conservation area.

Proposed interventions have
respected this, targeting the

internal envelope for retrofit

upgrade measures.

- Dense mature trees which
create significant shading
areas are modelied In the
PHPP to reflect the impact
this will have on heating and
overheating

- Rear elevation overlooked
by nexghbouring three storey
building, creating sensitive
boundary and context

- Large ortginal sash windows
farm a significant feature of
the principal elevations

- Complex roofscape & feature
dormers are uninsulated
and therefore ignored In the
heat loss area model since
insulation would be Installed at
ceiling level

Fig. 55 / View from the south west of the point cloud survey model
of Liberton Nursery and surrounding context. This point cloud data
was used 10 build the Revit model, as provided by Multivista



Key Building Fabric Conclusions

Little to No Insulation

Liberton Nursery

Survey and testing of existing fabric

» No wall insulation
» No floor insulation

» Limited roof insulation (none to main roof and assumed none
to toilet block, not clear from opening up works)

Poor U-Values

4 Majority of walls constructed using solid sandstone and
rubble infill, poor thermal performance, with lambda value of
around 2.3 W/mK.

» Brick walls to rear toilet block of poor thermal performance

Poor Airtightness
» Air test gave results of air permeability of 13.2m3/(hm?)

» Extensive thermal bridging throughout the building, leaky
details around building junctions, window edges etc

Substantial Thermal Bridges

» Significant heat loss through external fabric junctions between
windows, walls and roof (although effect negligible in base
case given lack of insulation and overall poor U-values)




Liberton Nursery

Heat Losses through External Fabric

500 -

450 -

400 |

350 -

300

250

200

150 -

100 {1

Solar Gains
Gains Losses

Existing Base Case (13.2°, Doors closed)

Total External
Fabric Heat
Losses

Fabric Air
Leakage

N A

No Insulation

Heat Loss via

&  Door Policy
~
~
~

Secondary Entrance s
{used for Covid
measures)

Fig. 109 / Heat loss distribution by bullding compaonent in Liberton Nursery.

Poor
Airtightnass/
U Values
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Liberton Nursery

Key PHPP Results —
Current compared to full

Enerphit

Liberton
Mursery Vs EnerPHit Standard
(13.27 av. temp. set poirt)* (set at 207)

.. VS

13.2 m3/hr/m2* 1.06 m¥hr/m2*

Airtightness or Vs or
12.6 ACH <1ACH

@)
yl-'nerPHit v

Typical EnerPHit




Liberton Nursery

Companson of Retrnfit Annrnarhec

4A.5.1 / Comparison of Impact of Retrofit Approaches on Heating Demand

MEP & fabric: MEP & fabric:
AN S MEP only: new MEP new and ) Medium / Middle Medium / Middle
. ~ 1 £ 2 ’,
- 1b  Existing: donothing  2a  heat pump 2D  minimal fabric da road 3b  road 4a  EnerPHit (certified)
i (Av. temp 13.29 Av. temge 13.2 (Av. temy (Av. temp: 17.4 (Av. temp: 19.49)
Average = 2
N Ote . - temperature: Do nothing - Installation of ASHP - Instaliation of ASHP - Installation of ASHP - Installation of ASHP - Installation of ASHP
: Average temperatures | (Airtightness: 12.62 ach) (Airtightness: 12.62 ach) - Left (300mm - Wall Insulation - Wall Insulation - Wail Insulation —>  Note:
: shown for f@:h : insulation) (50mm to Sandstone, (50mm to Sandstone, {300mm to Sandstone, Insulation thicknass
I nte n al Wal I :‘s:’:j‘;e: f’B”TGn 150mm to Brick) 150mm to Brick) 300mm to Brick) showing compliance by
* hours) not just Sam - Installation of - Loft (300mm) & floor - Loft (300mmi & floor - Loft (400mm) & floor Tiac et IV

insulation

Insulation approach
to be balanced with
wall requirement to
breathe (interstitial
condensation can be
a risk)

For lesser
specifications,
secondary glazing
has been considered
to preserve
appearance

Some Enerphit 4a
proposals could be
Impractical (subject
to design
development)

to Spm and reflects

: diurnal daily and

saasonal changas
ncluding heat lossas
n unocoupied/
unheated hours.
Please refer to

: Section 2.3 for further

heating demand

51.7KW (163 W/}

o bomale st s e bis od s s g e

- Airtightness: 7.02 ach

31.5kW (89 W/m)

Reduction
in Heating

o i

(120-150mm) insulation

secondary glazing

- Secondary glazing
installed

- Airtightness: 3.42 ach

151 KW (48 W/m?)

64%
Reduction
in Heating
Demand

)
<

|

]

;_--_;---.‘
-
X}
o

kWh/m'a
encans

{(120-150mm) insulation

- Secondary glazng
installed

- Airtightness: 3 ach

MVHR system (non-

@ - Dermand controlied MEV @ ;eruhe g Jni')

14.6 kKW (46 W/m?)

66%
Reduction
in Heating
Demand

©

5.5 KW (17.3 Wim?)

88%
Reduction
in Heating
Demand

{175-250mm) insulation

- Triple glazing
installed

- Airtightness: 0.8 ach

hydrothermal risk arvd spatial
disruption. Limiting nternal
insutation U value of 0.30W/
mk2 as safe guidance.
Alternative EnerPhat
compliant route, certfication
by component stil possibie.

- MVHR system (fully-certified,

higher efficiency unit)

- axplanation
Heating Load 51.7 KW (163 W/m?)
500
450 -
400
350 4
S 300
Heating Energy
Demand
I}W?].f‘m*a . 250 |
(lower is better)
200
150
100
m =
EnerPHit level [}
0

Note:

Reduced solar gain dus

o placement of windows
within insulation line to
mirnimiss thermal brdges

in later intervention options
ending in deeper reveals

o windows. Condensation
risk if windows not moved in
line with msulation layer see
Section 4B for mare details
on this.

Graph 12 / Energy demand break
down for ERP options of Liberton
Nursery.



Liberton Nursery

Comparison of Retrofit Approaches

(zoom in)
MEP & fabric: MEP & fabric:
MEP only: new MEP new and : Medium / Middle Medium / Middle
Z2a heat pump 2D minimal fabric - 34 road 3b road F 48 EnerPHit (certified)
|.":'w temp: 13 20 L‘u temp 15.39 § (Av. temp: 1?3 ) [Au tﬂmp 1?4 ) : I[Au temp: 19. 4‘3]

— Installation of ASHP - Installation of ASHP - Installation of ASHP - Installation of ASHP
| (Airtightness: 12.62 ach) N : ; - Wall Insulation : - Wall Insulation . - Wall Insulaton @ ——>
N %E;L;[St?n[;ﬂmm (50mm to Sandstone, (50mm to Sandstone, : E‘ (300mm to Sandstone,
150mm to Brick) 150mm to Brick) 5 300mm to Brick)
@™

- Installation of ASHP

- Triple glazing
installed

@ - Installation of - Loft (300mm) & floor - Loft (300mm) & fioor - Loft (400mm) & floor
secondary glazing (120-150mm) insulation (120-150mm) insulation (175-250mm) insulation
- Airtightness: 7.02 ach - Secondary glazing - Secondary glazing
: installed installed

- Airtightness: 3.42 ach - Airtightness: 3 ach - Airtightness: 0.8 ach

- MVHR system (non- - MVHR system (fully-certifi

- Demand controlled MEV certified unit) higher efficiency unit)




Liberton Nursery

Whole Carbon Analysis (operational+ embodied)

® Embodied ® Embodied Embodied @ Operational ® Operational

(Stages (Stages (Stages (Stage BB) (Stage B6)
A1-Ad) B1-B5) C1-C4) Gas Electricity
Whole-life carbon
emissions (embodied  #0%0 7 Existing Level

&operational) i e
the next 60 years
(kgCOEe/mz [G|FA]) 3,000 —

P = = == e e e e e = e mm = = ==y

' I
2,000 Options not |
kg included in :
CO e the whole life ' | -75% | -76%
2 carbon analysis i
1,000 — 4 N
! N ==
2 1
m?* GIFA !
y | teememeeeeoeeees 2 B
2a 2b 3a 3b 4a
MEP only: MEP new MEP & MEP & EnerPHit
new heat and minimal fabric: fabric: (certified)
pump fabric Medium / Medium /

Middle road Middle road

Graph 16 / Whole life carbon emissions over the next 60 years (kgCO,e/m?/60 years) - Liberton.

Key Results

» Whole life carbon emissions
for refurbishment scenarios are
almost 75% and 76% lower than
scenario 1b, as a result of reduced
energy use and the move from gas
to electricity.

> The impact of the additional
embodied carbon for
refurbishment is minimal over the
life-cycle emissions of the building.



Liberton Nursery

Operational/Running Costs

® gas © elect
Annual operational 10,000

(7 —

+5% +B%

Existing level

0
1b 2a 2b 3a 3b 4a
Existing: do MEP only: MEP new MEP & MEP & EnerPHit
nothing new heat and minimal fabric: fabric: (certified)
pump fabric Medium / Medium /

Middle road Middle road

Annual running cost snapshot (£/year) for Liberton

Key Results

- Operational costs increase from 1b

to 2a.

- Only option 4a ‘EnerPHit’ shows
a considerable improvement in

annual energy costs (2021 rates).

- The middle road options (3a / 3b)

match the cost of the existing
building (1b).



Liberton Nursery

Return on Capital

Net Present 30 year costs assessed.

Analysis based on number of assumptions
over the period;

3% inflation rates

6% discount rate

There is no allowance for:
Energy tax changes, incentives or tariff
changes

A minimal return on capital cost associated
with energy costs savings (at current tariffs)
can be seen for Options 3a, 3b and 4a.
However, based on current energy costs,
this is not a building specific return on
investment decision, more a carbon
decision.

The return on investment is possibly more a
global proposition

@ Capital @ Savings Total

Net Present Cost 4000 3814
(£/m? [GIFA])
3297 3265
2000 2745 2719
2000 —
1000
~y O I
7 e
m? GIFA -26 32 111
Note: All costs 1b 2a 2b 3a 3b 4da
Existing: do MEP only: MEP new MEP & MEP & EnerPHit
based at 3 Q 2021 nothing new heat and minimal fabric: fabric: (certified)
pump fabric Mecktm / Medium /
Middle road Middle road

Graph 20 / Net Present Cost of retrofit showing offset of capital investment over the next 30 years (£/ year).



Liberton Nursery (summary)

Heating Heating Annual Capital Savings Reduction in Risk to
Demand Demand Operational Construction on Annual Operational Indoor
Reduction Cost 2021 Cost ® Operational CO, health and
against = Cost over Emissions to Building
Baseline 30 years * against Fabric ©
Baseline °
KWh nE s vr £ and &/5m~
IGIFEA] 25 e [GiIFA] =/ [GIFA]

Option 1:
Existing, 340 N/A £4.192 N/A N/A N/A Unknown
Do Nothing
Option 2A: ( )
MEP only 340 0% (f_?g;,}) (gfﬁ?’%?% + £215 Unknown
(New Heat Pump) ” :
Option 2B: . £6,304 £597,100 "
MEP & Minimal Fabric = 219 e (+50%) (£1,576/m3  +*60 Sk UKD W
Option 3A:
MEP & Fabric 120 64% f_f_;,}:)” 5212’9/‘2%;‘3?) £26 93% Medium
(Middle Road, MEVY) S :
Option 38B:
MEP & Fabric, 114 66% figf,?? é‘ézz‘g%frgg £32 93% Medium
(Middle Road, MVHR) = ’
Option 4A: = £2.800 (£1,445,500
EnerPHit (Certified) 7 a2 s (-31%) =T oA 6% SO



Implications of (2a) MEP only

‘Just deliver option 2a, swap out the boiler for a heat pump’

Option 2a delivers significant decrease in carbon emission as a
result in the move for gas to electricity coupled with heat pump CoP

However practical implications should steer the solution away from
option 2a:

* Number of heat emitters (x3 same size increase) impacting on
useable space.

» Large Heat Pump and thermal store etc with associated space
requirements

 Significantly increased energy costs based on current tariffs

» Risk of need for new/increased power supply to building

» Potential impact on grid (city wide impact)

« Occupier Comfort concerns, system response to fluctuating load

While Option 2b has provision for improved building fabric, but this
option carries many of the above issues and risks which will vary
for any given building.

While potentially more viable Option 2b should still be considered
with care.

EXISTING RADIATOR UTILISING

GAS FIRED BOLER SYSTEM

EXISTING RADIATOR
UTILISING ASHP SYSTEM

QUTPUT 25 KW OUTPUT 0.75 KW
e e w
Fig. 40 / Extract from H | radiat
Retrofit Options
Option1B | Option2A | Option2B | Option3A | Option3B | Optionaa
Alr Source
Hest Pump N/A SakW 31.4kW B.5kW 8.5kW BhW
Required
Capacity
19 Existing | 19 Existing
Number of 19 Existing and 58 and 22 24 New 24 New 12 New
Radiators Cast Iron Additional Additional Modern Modermn Modem
Required Style Castlron Cast Iron Radiators Radiators Radiators
Style Style
Fig. 41 / Table Extract from Harley Haddow Information / Liberton Nursery Heating D

0
e

.

otael) |O|O

I S315TING RADIATCR

ALCITIONAL RADITCR
TOMEET HEAT DEMAND



Brunstane Primary

Existing Building Characteristics

The external fabric at Brunstane
Primary is not considered to be of any
historic quality and can therefore be
considered for upgrade as part of any
retrofit works.

........................................ - E'e‘ﬁiUU”S dlaracle!ised b‘;’
sections of spandrel panels,
timber cladding, render and
brick

~~~~~~~~~~~~~~~~ Compiex roofscape of

) piecemeal extensions added
to the central block, reduces
form compactness

- Large areas of UPVC glazing
characterise the principal
elevations, however these
pose an overheating risk,
particularly on east and west
facing facades

- Semi-mature trees and shrubs
along the south facade of the
early years teaching wing offer
some shading

Fig. 87 / View from the south west of the
point cloud survey model overlald on the
Revit mode! of Brunstane Primary School
and surrounding context. This point cloud
data was used (o build the Revit model, as
provided by Multivista.
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Brunstane Primary

Survey and testing of existing fabric Little to No Insulation

» No wall insulation

» No floor insulation

» Limited roof insulation - some recently installed to tower block roof,
minimal insulation between joists elsewhere

Poor U-Values

~N A

» Uninsulated brick cavity walls give poor U-Value of 1.4 W/m?K.

Uninsulated floors offers poor thermal performance, giving U-Value of
around 1.9 W/m2K in suspended timber floor areas and around 3.9 W/
m2K for the solid concrete floor in the stair core areas

» Minimal insulation to single storey roof areas gives poor U-Value of
around 1.3 W/mK.

Poor Airtightness

Air test gave results of air permeability of 13.2m%(hm?)

High air infiltration through roof and suspended ceiling zones

Poor seals, high air leakage around window frames and services
penetrations

Substantial Thermal Bridges

» Significant heat loss through external fabric and particularly at
junctions between windows, walls and roof (although effect negligible

in base case given lack of insulation and overall poor U-values)



Brunstane Primary

Fabric Air
Leakage

. b, |
Heat Losses Through External Fabric /
&= o
TL !== i i Poor Insutation
%0 THE W
ST
IEEEE;:=:' N
LT S X
e Ny N
300 - h,
& %]
""""""""""" k) N
! 5 ~5
| I i oor =
: 17%
| X .
200 - I E Heat Loss via
|
| Total WINDOWS
I External
150 - : Fabric Heat
j Losses
! e
Ventilat i
: eLr;;st-:nlgn . ’iii“ /
100 : "I 8595
: 31%
I Heat Loss via ¢
50 - | VENTILATION No Insulation
|
| 8% ),
I Heat Loss via N A
0 L 7
FLOOR ;

Fig. 133 / Heat loss break down for Brunstane Primary school.



Brunstane Primary -

Key PHPP Results — s vs EnerPHit Stander
Current compared to full
Enerphit

C;
EnerPHit v~

Typical EnerPHit

12 m3/hr/m?* 1.06 m¥/hr/m?*

Airtightness or Vs or
9.6 ACH <1ACH




Brunstane Primary

Comparison of Retrofit Approaches

Note:

External wall
insulation

Potential to reduce
overall window area
and provision of low-e
glazing to address
reported overheating
Issues

For airtightness of 3
and below MVHR
required. Also
addresses classroom
ventilation concerns.

: Set point average

: temperature: Adjusted
i for each scenario to

: reflect temperature

: fluctuations due to

building heat loss across
i 24hr /7 day wk period
¢ Including unheated hours

Heating Load
350
300 +
250 -

200 -
Energy Demand

kWh/m?a
(lower is better)

100 -

EnerPHit level

Do nothing

(Airtightness: 9.59 ach)

181 kW (88W/m?

: Installation of ASHP

Non Useful

MEP only: new
a heat pump

(Av. temy

(Alrtightness: 9.59 ach)

181 kW (88W/m?

|-————-;--——-|:

MEP new and
2 minimal fabric

- Cavity wall insulation (55-
65mm blown EPS bead)

- Insul. to single storey roof
(250mm mineral wool)

- Installation of low-e
double glazing

@ - Airtightness: 5 ach

96 kW (46W/m?

47%
Reduction
in Heating
Demand

|

MEP & fabric:
Medium / Middle

3aroad
(Av.

mp: 19.39)

Instalfation of ASHP

Cavity wall insulation (EPS
bead) & Ext. Wall Insulation
(150-200mm)

- Roof insul to single storey
& floor insul (144mm mineral
wool to suspended flr only)

- Window area reduced,
low-e dbl. glazing installed

O

- Airtightness: 3 ach

- Demand controlled MEV

67 kW (33W/m?

57%
Reduction
in Heating
Demand

MEP & fabric:
Medium / Middle

3broad

- Installation of ASHP

- Cavity wall insulation {EPS
bead) & Ext. Wall Insulation
(150-200mm)

- Roof insul to single
storey + tower & floor insul
(suspended floor enly)

- Window area reduced,
low-e dbl. glazing installed

- Airtightness: 3 ach

- MVHR system (non-
certified unit)

70 KW (34W/m?

58%
Reduction
in Heating
Demand

PERY Hea

/5

4@ EnerPHit (certified)
(Av. temp: 207

Installation of ASHP

Cavity wall insulation (EPS
bead) & Ext. Wall Insulation
(250-300mm)

Roof insul (greater thickness)
1o single st + tower & floor insul
throughout

Window area reduced,
triple glazing & ext. shading
installed

@ - Airtightness: 0.8 ach

.@. MVHR system (fully-certified,

higher efficiency unit)
27 kKW (13W/m?

Existing Level
Note: The reason the 3b has a higher
heat load than 3a is due to the fact
that both intermittent extract and
MVHR non-certified exist in this model
and account for additional losses due
85% fo more ventilation.
Reduction
in Heating Note:reduced solar gain due to
Demand placement of windows within

Insulation line to minimise thermal
bridges In later intervention options
ending In deeper reveals to windows
Condensation risk if windows not
moved in line with insulation layer see
section 4B for more details on this

Note: Average temperatures shown
for each option are across 24hours
over 365 days, and as such reflect
any heat losses in unoccupied/
unheated hours, Please refer to

©U 0 Ventilation Section 2.3 for further explanation
M kWh/m?a
TS 1. ()
= Graph 20 / Energy demand break
251 ;
il down for ERP opticns of Brunstane
By leleBOLNE

e Primary Scheol

96



Brunstane Primary

Comparison of Retrofit Approaches

(zoom in)
MEP & fabric: MEP & fabric:

MEP only: new MEP new and ; Medium / Middle Medium / Middle :

29 heat pump 2 minimal fabric . 3Aaroad 3hroad : 424 EnerPHit (certified)

(Av. termp: 159) (Av. temp: 15.77) (Av. temp: 19.39) (Av. ternp: 19.77) i {Av. temp: 209
T TP TP SRR S S S 3
- Installation of ASHP - Installation of ASHP - Installation of ASHP - Installation of ASHP - Installation of ASHP
- Cavity wall insulation (EPS - Cavity wall insulation (EPS

bead) & Ext. Wall Insulation

- Cavity wall insulation (EPS
bead) t. Wall Insulation

bead) & Ext. Wall Insulation

E

O

(Airtightness: 9.59 ach) - Cavity wall insulation (55-
G5mm blown EPS bead)
.

(150-200mmm) (150-200mm| (250-300mm|
- Insul. to single storey roof - Roof insul o single storey - Roof insul to single - Roof insul (greater thickness)
(250mm mineral woal) & floor insul {144mm mineral storey + tower & floor insul to single st + tower & floor insul
wool to suspended fir only) {suspended floor only) throughout

- Window area reduced,
triple glazing & ext. shading
installed

- Window area reduced, - Window area reduced,

low-2 dbl. glazing installed @ low-e dbl. glazing installed
- Airtightness: 3 ach @ - Airtightness: 3 ach

*ﬁv - MVHR system (non-

=/ certified unit)

- Installation of low-e
double glazing

@ - Airtightness: 5 ach

- Adrtightness: 0.8 ach

- MVHR =ystem (fully-certified,
higher efficiency unit)

- Demand controlled MEWY

@ EIOCIE)



Brunstane Primary

Whole Carbon Analysis (operational+ embodied)

® Embodied ® Embodied Embodied @ Operational ® Operational

(Stages (Stages (Stages (Stage BB) (Stage B6)
A1-Ad) B1-B5) C1-C4) Gas Flectricity Key Results

Whole-life carbon 4 g0 -
emissions (embodied
& operational) in
the next 60 years
(kgCO,e/m? [GIFA]) =000 ~

» Whole life carbon emissions
for refurbishment scenarios are
almost 72% and 73% lower than
scenario 1b, as a result of reduced
energy use and the move from gas

to electricity.
r ---------------- Rl
' Options not : : .
2,000 — i eludod | | » The impact of the additional
I '
kg ! nelucedin | embodied carbon for
| the whole life ' . . .
CO e , carbon analysis : refurbishment is relatively small
2 -~ : : over the life-cycle emissions of the
' | ; building, when compared to the
m? GIFA [ o I — operational carbon emissions.
| |
; - - N e
1b 2a 2b 3a 3b 4a
Existing: do MEF only: MEF new MEF & MEF & EnerPHit
nothin new heat and minimal fabric: fabric: certified
¢ pamp- fabric tediam / Medium / : ]

Middle road Middle road

Graph 27 / Whole life carbon emissions over the next 60 years (kgCO,e/m?/60 years) - Brunstane Primary



Brunstane Primary

Operational/running Costs

Annual operational
cost 2021

&7y)

® oas O elect

+ 67 %

30,000

25,000 —

20,000

15,000 —

10,000 —

5,000

ib 2a 2b 3a 3b 4a

Existing: do MEP only: MEP new MEP & MEP & EnerPHit

nothing new heat and minimal ~ fabric: fabric: {certified)
pump fabric Medium / Medium /

Middle road Middle road

Graph 26 / Annual running cost 2021 snapshot (£/ year) for Brunstane Primary.

Key Results

- Running costs increase from
Option 1b to 2a by 67%

- Costs reduce significantly between
options 2a and 2b, and continue
to decrease for the middle road
options (3a / 3b).

- The annual operational cost for
option 4a ‘EnerPHit’ is 21%
cheaper that the existing building.




Brunstane Primary

Return on Capital

@ Capital @ Savings Total
Net Present 30 year costs assessed. Net Present Cost

(£/m? [GIFA])
Analysis based on number of 2=
assumptions over the period;
3% inflation rates P
6% discount rate

2000

|

There is no allowance for energy tax
changes, incentives or tariff changes oo .
1000 —

A small return on capital cost associated o5
with energy costs savings (at current E
tariffs) can be seen for Options 2b, 3a, 3b s
and 4a. Howeve_r t_)ased on c_urrent m2 GIFA v 2
energy costs, this is not a building
specific return on investment decision,

Note: All costs

B F 1b 2a 2b 3a 3b 4a
more a Ca‘rbon deCISIOH - based at 3 Q2021 Existing: do MEP only: MEP new MEP & MEP & EnerPHit

nothing new heat and minimal fabric: fabric: (certified)
pump fabric Medium / Medium /

The return on investment is possibly mesiTs  Eonioe

more a global proposition. Graph 28 / Net Present Cost of retrofit showing offset of capital investment for Brunstane over the next 30 years (£/ 30
years).

709

-12 -15 57




Brunstane Primary (summary)

Note: All costs
based at 3 Q 2021

Heating Heating Annual Capital Savings Reduction in Risk to
Demand Demand Operational construction on Annual Operational Indoor
Reduction Cost 2021 Cost Operational CO, health and
against Cost over Emissions to Building
Baseline 30 years against Fabric
Baseline
kWHhH/m=/ £ and £/m*
vr [GIFA] %% . [GIFA] =/ [GIFA]
Option 1:
Existing, 154 N/A £17,789 N/A N/A N/A Unknown
Do Nothing
Option 2A: C
MIEP onty 156 ow 20702 leissic) | o Uriknes
(New Heat Pump) °
Option 2B: = £20,277 £2,947,500 =
MEP & Minimal Fabric bl 2 L0 (+14%) (£1,220/m?) £ D Huknown
Option 3A:
MEP & Fabric 66 57% E:fé?,/?’)s (%2’21%11’?;2% £12 93% Medium
(Middle Road, MEV) = ’
Option 3B:
MEP & Fabric, 65 58% £(1 fég")g (’?2635471/5“(1’% £15 93% Medium
(Middle Road, MVHR) = :
Option 4A: > £13,994 £7.,080,900
EnerPHit (Certified) == 85 (-21%) (£2,930/m?) o0 i



Brunstane Primary (MEP comparisons)

Strategy

& &

Distribution
Method

BB101
Compliant

MEP Intervention Comparison

1b Existing:

do nothing

Natural Ventilation

+ Extract

Unknown

Natural ventilation, passive

vents & extract

X

NA

181 KW (88 Wim?)

Existing (Cast lron)

9.6 ach
154 KWh/m*a

15°C

2a MEP Only:

new heat pump

MEV

101 isfp

L v

Natural ventilation, passive
vents & extract

181 kW (88 W/m?)

Existing + New (Cast Iron)

9.6 ach

154 kWh/m®a

15°C

2b MEP new and
minimal fabric

MEV

101 Is/p

Natural ventilation,
passive vents & extract

96 KW {46 W/m?)

Existing + New (Cast Iron)

5ach
81 kWh/m*a

15.7°C

3a

MEP & fabric:
Medium / Middle
Road

MEV

8 sk

(consideration will be
given during design
for boost capacity)

Demand
Controlied MEV

Road

MEP & fabric:
Medium / Middie

MVHR

Std spec)

8 Vsp

(consideration will be
given during design
for boost capacity)

De-centralised
(localised extract)

67 KW (33 W/m?)

&

New (Modem)

3ach
66 kWh/mr'a

19.3°C

TOKW (34 W/m?)

&

New (Modern)

3ach
65 KWh/m?a

196°C

4a EnerPHit (certified)

MVHR
{PH Certifed)

6lishp
(consideration will be
given during design
for boost capacity)

Centralised

a

27 kKW (13 Wim?)

61

New (Modem)

0.8 ach

23 KWh/mfa

194°C

Key Conclusions

» Option 2a, the "MEP Only’
option indicates the huge size of
ASHP which would need to be
installed to meet the building’s
current demand, illustrating how
impractical this option would be

» Options 3a & 3b start to show
better investment value, offering
BEB101 level ventilation rates with
much smaller ASHPs required




Decision Making

Total Performance Index

ool

The EIRP sets out numerous options with associated key

criteria to be considered (user comfort, cost, carbon etc)

The feasibility report does not make a direct Investment

Decision recommendation. Only illustrates process.

A methodology has been developed to assist in making

consistent investment decisions (Total Performance Index)

CEC have to determine priorities
(weightings)

Example of Liberton calculation
Based on following weightings
Comfort 20
Lifecycle carbon 20
Running costs 20
Capital cost 15
Heritage impact 10

Fabric risk 10

User Disruption
Total

=
3
O |01

Index

Weights
(determined
by CEC)

Performance
Index

Index (1 -10)

1b "Do nothing"
2a "MEP only"

2b "Do minimum”
3a "Middle road"
3b "Middle road"
4a "EnerPHit"

IDD;pointvaIIocation
(calculated from
'100-point

Weighted Index
(Weight *
Performance Index)
1b "Do nothing"

2a "MEP only"

2b "Do minimum"
3a "Middle road"

» 3b "Middle road"

4a "EnerPHit"

Total
Performance
Index

Indices of ya Weaights of o
ndividual criteria -fl \ individual criteria ( M
\ Index 1\ /
Whole-life Carbon Cost ndoor Health Heritage
+ + +

Sum of products of individual criterion performance index by its assigned weight

Fig. 181 / Selecting the optimal EIRP scenario
Refer to Sections 2.7 & 2.11 for further details regarding the calculation method used to arrive at the TPI.

Fig. 51 / Calculating the Total Performance Index - Applying the formula (based on Liberton Nursery calculation spreadsheet)

* Lifecycle
* Lifecycle
carbon
Overheating  CO2 and (Operational Conservation  Minimised risk Minimised
and thermal  Ventilation Indoor air and of heritage to fabric user
quality Daylighting embodied) Running cost  Capital cost  value integrity disruption

1.0 1.0 1.0 5.0 1.00 7.99 10.00 3.0 2.0 8.0

2.0 2.0 2.0 5.0 6.02 1.00 1.22 1.0] 1.0 3.0

4.0 4.0 2.0 5.0 6.02 4.73 6.08 6.0 3.0 6.0

6.0 6.0 5.0 9.58 7.65 3.48 10.0 8.0 5.0

9.0 10.0 9.0 5.0 9.78 7.81 2.11 9.0 10.0 5.0

10.0 1010 10.0 5.0 10.00 10.00 1.00 9.0 4.0

Total
5 5 5 5 20 20| 15 10 10 5 100
0.05 0.05 0.05 0.05 0.2 0.2 0.15 0.1 0.1 0.05 1
TPI

0.05 0.05 0.05 0.25 0.20 1.60 1.50 0.30 0.20 0.40 4.60
0.10 0.10 0.10 0.25 1.20 0.20 1.08 0.10 0.10 0.15 3.39
0.20 0.20 0.10 0.25 1.20 0.95 0.91 0.60 0.30 0.30 5.01
0.30 0.40 0.320 0.25 1.92 1.53 0.52 1.00 0.80 0.25 7.27
0.45 0.50 0.45 0.25 1.96 1.56 0.32 0.90 1.00 0.25 7.63
0.50 0.50 0.50 0.25 2.00 2.00 0.15 0.60 0.90 0.20 7.60




Total Performance Index G,

Liberton Nursery (illustrative outcome based on weightings) Opton 2b "Do minimum
Based on following weightings Option 48 "EnetPHI
Comfort 20 dormonsiraton purposes.
Lifecycle carbon 20 ota 10
Running costs 20 Performance
Capital cost 15 e B
Heritage impact 10
User Disruption 5 . 7 R~ —

7
Total 100
6
The Total Performance Index in this case e ll g 8.0
points to 3b. ®
_ 4 e 330
However the close ratings of 3a and 4a @
indicate the sensitivity of the result to small 0
changes in subjective criteria performance 5
assessments or the above weightings
1

Note: All costs
based at 3 Q 2021

Graph 19 / “Total performance index'* for all retrofit options of Liberton Nursery



otal Performance Index

Brunstane (illustrative outcome based on weightings)

Based on following weightings

Comfort 20

Llfecycle carbon 20 Tod 10

Runnlng Costs 20 per"@rrr_Iam:g1

Capital cost 15 ndex g

Heritage impact 10 2
User Disruption 5 > o 1B @
Total 100 . P A

The Total Performance Index points to full 6 -

Enerphit 4a. s | a7 4.92~

Again, the close ratings of 3a and 3b indicate 4 381

the sensitivity of the result to small changes in @

subjective criteria performance assessments or 3

the above weightings ,

Note: All costs 1

based at 3 Q2021 1b"Do 2a'MEP 2b"Do 3a"Middle 3b "Middle 4a

nothing" only" minimum*  road" road"  "EnerPHit"

Graph 30/ Total performance index™ for all retrofit options of Brunstane Primary.
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Compliance

Certified Enerphit benefits from a rigorous
guality compliance process

Consideration has been given to adopting a v |

suitable approach across lesser options. Aim

RCHTTYPE

will be to adopt compliance check workflow.

Aim to show the integration of consultants,
quality assurance roles and ‘clients’ within the
development process in a circular collaborative
manner.

Clear lines of responsibility are required
between each party’s workflow.

0

Design

andConstuction | {777

||||||




Next Steps

« Afurther 10 properties were taken to Enerphit
informed Retrofit feasibility stage to allow CEC
investment decision

Z\
aq
=
o
o
(o}
5
=
73]
&
S
o
m

« CEC made an informed investment decision,
on the back of Green Growth Accelerator
funding case to take two buildings to full
delivery.

» Scottish Futures Trust are expected to issue
their Net Zero Public Sector Building Standard
for Existing Buildings in coming months. This
IS expected to capture an Operational Energy
Target for retrofits. This will also inform the
investment decision process.

» Experience to date indicates that full Enerphit
Is difficult to justify particularly in view of
current price inflation and in the case of
schools where decant is a serious
consideration.

« The Net Zero initiative is also now an estate
optimisation driver




EDINBURGH
NET-ZERD

NZC building heat options 2030

Heat pumps (air or ground sourced) are the currently recognised viable LZC
primary plant technology.

Costs for properly considered installations demonstrate a level of incompatibility
of heat pumps with existing buildings without significant fabric and MEP
interventions.

Heat Networks will offer a viable solution where they can be economically and
efficiently delivered, but their deployment is still at early initiation stage

Hydrogen, a 100% Hydrogen network is said to be at least 15 years away. But

Blue Hydrogen is receiving big push for earlier delivery over the network. Blue

Hydrogen is a contentious solution for building heating. oooo

[~z

|F (arguably a big IF) Low or Zero Carbon Hydrogen can be economically — Al N |
delivered it could offer a cost effective decarbonising route for building heat. H2 ﬁ e
boilers can directly replace existing natural gas boilers from a performance s ™ D
perspective. Possibly biggest potential would be on buildings were significant

fabric interventions would be deemed inappropriate.

Any approach to the estate will evolve with emerging technologies.

It is expected that a ‘no regret approach’ would be to embrace energy
reduction/fabric improvement regardless of heating technology deployed.




Thermographic Survey

Collaborative Working

CEC have established a Passivhaus Delivery Forum,
currently 7 other Scottish Local Authorities attend.

3 of the above 6 Authorities are planning to undertake
feasibility work in same Enerphit Informed basis. The plan
is to share findings adding to the pooled data set

Edinburgh Partnership Board (Public Buildings
collaboration forum)

EDINBURGH
NET-ZERO

2030

Close




