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1. Introduction
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Note: Enabling macros

Tools 1 and 2 both use macros. It
may be necessary to enable ‘enable
macros’ when open excel for the
sheets to function.

This can usually be achieved by
changing the macro settings in the
Microsoft ‘Trust Centre’. (File >
Options > Trust Cente)

Alternatively download the Tool files
to local folder, right-click on the file
name, select ‘Properties’ and check
the "Unlock" checkbox at the end
(Security option).
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Microsoft support - enable macros

Change macro settings in the Trust Center

Macro settings are located in the Trust Center. However, if your de
school the s minist might pr

Important: When yo
program that you ar nacro

1. Click the File tab.
2. Click Options.
3. Click Trust Center, and then click Trust Center Settings.

4. In the Trust Center, click Macro Settings.

General Security Details Previous Versions

RTC Heat Pump Tool 1 - Initial screening

Type of file:  Microsoft Excel Macro-Enabled Worksheet (.xism)

5. Make the selections that you want, then click OK. E‘W

Opens with: [ Excel Change...

Location: C:\Users\Aaron.Linley\Downloads
Size: 269 KB (275,816 bytes)

Sizeondisk: 272 KB (278,528 bytes)

Created: 15 March 2023, 17:22:31
Modified: 15 March 2023, 17:22:31

Accessed: 15 March 2023, 17:33:46

Attibutes: [ |Read-only [ |Hidden Advanced...

Security: This file came from ariGies
v
computer and might be blocked to Unblock
help protect this computer.


https://support.microsoft.com/en-us/office/enable-or-disable-macros-in-office-files-12b036fd-d140-4e74-b45e-16fed1a7e5c6

Change macro settings in the Trust Center

Macro settings are located in the Trust Center. However, if your device is managed by your work or
school the system administrator might prevent anyone from changing settings.

Important: When you change your macro settings in the Trust Center, they are changed only for the Office
program that you are currently using. The macro settings are not changed for all your Office programs.

Failing that... s

. Click Options.
. Click Trust Center, and then click Trust Center Settings.

. M the Trust Center, click Macro Settings.

Refer to the following website:
https://www.ablebits.com/office- e —
addins-blog/enable-disable-macros- =| ==t
excel/#:~:text=Click%20the%20File%2
0tab%2C%20and%20then%20click%20
Options%20at%20the,all%20macros% .
20and%20click%200K. 5. Make the e

Concel |

Trusted Publishers

Trusted Add-in Catalogs Path Desaiption Date Modified~
User Locations
Aoy CA\Users\Aaron Linley\Downloads\ 15/03/2023 17:43
{ . ) ActiveX Settings C:\Users\Aaron Linley\AppData\Roaming\Micro Excel default location: User Templates
G o) to t e I ru St ( en te r S ettl nes’ as per C\Program Fies\Microsoft Offce\Root\Offcel  xcel defaut locaton: Excl StartUp
Macro Settings C:\Users\Aaron.Linley\AppData\Roaming\Micro Excel default location: User StartUp
S C\Program Files\Microsoft Office\Root\Templat _Excel defauit location: Application Templates

C:\Program Files\Microsoft Office\Root\Office1  Excel default location: Office StartUp

ima ge, then ‘ Trusted Location S' Messge it imiostainmisovitisnt i pwapt i vie

External Content
Policy Locations
File Block Settings

Privacy Options

Click ‘Add new location...” and add the
location where the file is placed

Path C:\Users\Aaron.Linley\Downloads\

Description:

e
Sub Folders:  Disallowed
Add new location.. | Remove  Modify.

Allow Trusted Locations on my network (not recommended)

ve rco Disable all Trusted Locations


https://www.ablebits.com/office-addins-blog/enable-disable-macros-excel/#:~:text=Click%20the%20File%20tab%2C%20and%20then%20click%20Options%20at%20the,all%20macros%20and%20click%20OK
https://www.ablebits.com/office-addins-blog/enable-disable-macros-excel/#:~:text=Click%20the%20File%20tab%2C%20and%20then%20click%20Options%20at%20the,all%20macros%20and%20click%20OK
https://www.ablebits.com/office-addins-blog/enable-disable-macros-excel/#:~:text=Click%20the%20File%20tab%2C%20and%20then%20click%20Options%20at%20the,all%20macros%20and%20click%20OK
https://www.ablebits.com/office-addins-blog/enable-disable-macros-excel/#:~:text=Click%20the%20File%20tab%2C%20and%20then%20click%20Options%20at%20the,all%20macros%20and%20click%20OK
https://www.ablebits.com/office-addins-blog/enable-disable-macros-excel/#:~:text=Click%20the%20File%20tab%2C%20and%20then%20click%20Options%20at%20the,all%20macros%20and%20click%20OK
https://www.ablebits.com/office-addins-blog/enable-disable-macros-excel/#:~:text=Click%20the%20File%20tab%2C%20and%20then%20click%20Options%20at%20the,all%20macros%20and%20click%20OK
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RTC Heat Pump project - 3 decision support tools

The RTC Heat Pump project has created three tools, designed to answer the common

questions when considering the use of heat pumps:

1. Where might a heat pump be useful?

2. What technologies might be suitable?

3. Has asimilar installation been done before?
4. Would it be commercially viable?

5. What can | do to improve the confidence in
project viability before investing in
detailed feasibility or design work?

6. Who can we work with and where?
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Tool #1 Initial screening

Tool #2 High-level feasibility

Tool #3 Supplier database




Outputs:

Tool summary

Tool 1: Initial screening

Purpose: identification of
heat pump opportunity(s)

Main user inputs:

- Industry

- Heat application

- Waste heat source

Short list of potential

applications
Case study links
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Tool 2: High-level feasibility

Purpose: initial technical
and commercial viability
assessment.

Main user inputs:

- Technical e.g. temps,
flows, mediumes,
efficiencies.

- Commercial e.g. energy
tariffs, grid factors and
unit costs.

Tool 3: Supplier database

Purpose: provide details of
relevant suppliers

User inputs:
- Country and technology
of interest

* List of relevant suppliers

*  Weblinks and contact
details




Tool 1: Initial screening



Tool 1 user guide — general tool description

The initial screening tool is designed to help identify heat pump options based on only high-
level information about candidate sites. This allows the user to focus down on the sites and
technology options most worthy of further investigation.

The tool contains two databases, one of technology applications and the other of case
studies. This tool filters these databases according to the user inputs to return potential
applications and associated case studies relevant to the chosen sector and input parameters.

The tool can be used to explore options for single sites, or multiple sites with the same
thermal processes.
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Heat Pump Initial Screening Tool

Screening questions (inputs)

1. What sector are in you interested in?

2. Do you know the heat source?
If yes, please select:

3. Do you know the heat sink?
If yes, please select:

4. Do you have other system preferences?
Natural Refrigerant? (Yes/No)
Low GWP refrigerant? (Yes/No)

RENEWABLE
THERMAL
COLLABORATIVE

Guidance notes:

1ST STEP - USE BUTTON BEFORE STARTING TO RESET TOOL AND ALL INPUTS

The application providing the waste heat is known and identified

The application requiring heat is known and identified

Are there natural refrigerant requirements?
Are there low GWP requirements?
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Heat Pump Initial Screening Tool

Inputs: Screeni uestions

1. What sector are in you interested in?

2. Do you know the heat source?
If yes, please select:
Heat source
Source medium
Source minimum temp (degC)

Source maximum temp (degC)

3. Do you know the heat sink?
If yes, please select:
Heat sink
Sink Medium
Sink minimum temp (degC)

Sink maximum temp (degC)

4. Do you have other system preferences?
Natural Refrigerant? (Yes/No)
Low GWP refrigerant? (Yes/No)

Process cooling

Preheating
Liquid
20

Guidance notes:

1STSTEP - USE BUTTON BEFORE STARTING TO RESET TOOL AND ALL INPUTS

The application providing the waste heat is known and identified
The application creating a waste heat stream
The medium of waste heat

The lowest temperature that the waste heat reaches; i.e. creates a lower H

The highest temperature boundary that the waste heat reaches; i.e. create:

The application requiring heat is known and identified
The application requiring heat
The medium which provides the heating

The lower temperature of heat required; i.e. creates a lower boundary for

The higher temperature of heat required; i.e. creates an upper boundary fo.

Are there natural refrigerant requirements?
Are there low GWP requirements?




Output tables
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Case study Database
i

Ye. Refrigerant
France. a iz 2018
Germany i 2009
es Germany
Diy process of formed styrol Japan Too 2010 Mayekaua
Distilation process of bioethan: As.a Japan Hokkaido
Diylaminating process Asi Japan Saitama
Separation process, Separatin Euvope Netherlands
Piinting and dyeing Eur Germany Mahitoff
W Netherlands ~ Apeldoon
Poysdorf
ohi

Other Manufsctuing Aunomatie inciusuy Weiz
OtherManufsctuing Construction industry Vienna
Other Manufactuing washing metaltems
Other Manufactuiing Automative - Paint shop
electiicaldiives  Europe

r Manufacturing Europe
Other Manufacturing MechanicalEngineering ~ Europe
OtherManufsctuing I es produs Europe
Other Manufsctuing Zerb:
Other| Mamfauumg oct Neustad (Wied)

Germa Bughaslach
ebisch Hall

RAi3da
Mie rine: 48 pe-izy R245fa (BKOT)
Egerkingen A https:liu. ramis. CTAAG Ai3da
usch hutps:ilhuw: SCMFiigo SK130SWPC  R13da
Hohenems i
Dormbim
Asten
age irying ai for milk powder Europe 3 \’ldebaek
Food andbever DAflwl\evves uope More 2017 na
Foodandbevelaqe Slaughterhouse - Processing : Europe. 8 hup, maem-epmpe- el 2011 ENGIE TheimeCO2HHR Z R744 (CO2)
Food andbet Manufacture of starch product: Europe. Bazancour y v aermepumpe-izu. delv 20%
Chosolate manufact. Europe Urited Kingdom 48 htlp. tu sermepumpe-izy. el 200 RT17 (NH3)
Mal production Europe Germany Hamburg Annexd8 https:iw aermepumpe-izw. defy 2010

Introduction Tool Page 0. Dropdowns 1. Heat Source Details 2. Heat Sink Details 3. Tech Matrix 4. Refrigerant Details

Tool Navigation

Reference Tab Description
Tool P User interface. Contains Inputs & Outputs.
. Dro Reference page used to populate the 'Tool Page' and create dropdown lists.
1. Heat Source Details Database of industries and their relevant heat sources. Inciudes heat source medium and temperature range.

2. Heat Sink Details Database of industries and their relevant heat sinks. Includes heat sink medium and temperature range.
3. Tech Matrix Database of heat pump technologies and their characteristics.

4. Refrigerant Details Database of refrigerants and their properties.
Detailed database of over 200 case studies.




Tool 2: High-level feasibility
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Tool 2 user guide — general tool description

The high-level feasibility tool is designed to help with initial solution identification and
feasibility at the preliminary stage of a heat pump project. The Tool helps to highlight the
variables which effect the performance and output of heat pumps. It achieves this by
modelling the operating conditions, distribution complexity, storage requirements /
availability and financial variables.

The tool is designed to explore the feasibility of a single technology configuration and country
location at a time.

It can used to consider the aggregate cost and benefits of multiple installations of the same
type, but generally it is expected that the user will have a specific site in mind in order to
input the required parameters and to obtain the most accurate results.
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Two user inpUt Reference Tab Description

sheets Technical Inputs User interface - inputs only.

Financial Inputs User interface - inputs only.

Feasibility Outputs Model outputs - technical and financial parameters.

Implementation check list Check list - to determine the most effective system.

Flat file and output records  Database of previous model runs.

0. Dropdowns Reference page used to populate other pages and create dropdown lists.

1. Heat Source Details Database of industries and their relevant heat sources. Includes heat source medium and temperature range.
2. Heat Sink Details Database of industries and their relevant heat sinks. Includes heat sink medium and temperature range.
3. Tech Matrix Database of heat pump technologies and their characteristics.

4. Refrigerant Details Database of refrigerants and their properties.

5. Heat Transfer Database of Specific Heat coefficients (Cp) of different mediums.

6. Carbon Factors Database of carbon emissions factors for different countries and utilities.

7. Currencies Database of currency exchange rates as of 09/06/2022.

8. CAPEX Database of capital expenditure of various projects.

9. Checklists Master Table highlighting the implementation considerations.

Three output
sheets

Look up lists
and databases




R ABGRATIVE shown in italics adject
to all the input fields.

\V(2] (o O RENEWABLE Guidance notes are

Heat Pump Feasibility Tool

Performance questions (inputs)

Guidance notes:

15T STEP - USE BUTTON BEFORE 5T/
What are you general site parameters?
Industry Food and beverage
Country US Average
Currency 5 Currency is used throughout the document, please ensure
Fuel Type Natural Gas Primary source of heat to be displaced

What are the source and sink parameters? Heat source Heat sink

Application Process cooling ACtive Ce”S are COlOUI"-
Application medium Water .
" coded according to

Min temp - sense check nly (dz¢C) % the formatting legend

Max temp - sense check only (degC) 100
Heat availability / demand Continuous be | OW

Technology type Absorption User selects the relevant

Medium's specific heat capacity (kl/kg.K)




Tool 2 user guide — calculation options

Row 72 of the Technical Input sheet allows

the user the choice of Basic or Advanced [Calculation

calculation options. method selection

Calculation method?

If average sink flow rate and sink return

Heat capacity calculation method I

temperature are known /can be estimated,

General performance parameters

then the Advanced method is recommended

Annual electricity consumption (kWh)

Annual Natural Gas consumption (kWh)

for more accurate results.

Current heat generation efficiency (%

If information is lacking, then the Basic
calculation option runs the model with more
assumptions and fewer user inputs.
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Heat Pump Feasibility Tool

Technical Output

Performance outputs

Technology type AHP

Generator heat required (kWh) 1,176,471
Backup amount required 29% Amount oftime that the generation sug
Backup Natural Gas (kWh) 336,134 Fuel consumed: Total work required to
Natural Gas displaced (kWh)
Natural Gas displaced (%

Effects of Heat Pump implementation: highlighting carbon reduction
and remaining emissions for both reporting methodologies

Financial Output

CAPEX outputs

Heat Pump CAPEX Cost (S) 151,693
Distribution CAPEX Cost ($) 500,000
Storage CAPEX Cost (S) 147,403
Counter CAPEX Cost (S) 25,000
Delayed CAPEX Cost (S) 100,000
One-off subsidy ($)
Current year CAPEX (£)

Carbon Emissions (tCO2e /yr)

Natural Gas displaced ($)
Electricity increase ($)
Maintenance estimation ($/yr)
Avoided OPEX ($/yr)

Cost of carbon displaced ($)
Ongoing subsidy ($)
OPEX saving ($)

Location based Market based

m Total emissions after HP Carbon reduction from HP project



What are you general site parameters?

Industry
Country
Currency
Fuel Type

-50,353

Natural Gas displaced -203,292
Electricity increase 134,408
Maintenance 36,298

Avoided OPEX -5,000

Cost of carbon displaced -12,767

o

Distribution
Storage
Counter
Delayed

Subsidy
One-off subsidy
Ongoing subsidy

P I I I~ I~

o o

-50,353
-788,601

Natural Gas

-50,353
-203,292
134,408
36,298
-5,000
-12,767

o

P I I~~~

oo

-50,353
-738,248




Tool 2 user guide — sensitivity table

At the bottom of 'Feasibility Outputs' tab there is a sensitivity analysis table showing how
simple payback period varies due to changes in fuel and electricity prices.

Users enter percentage variations (relative to the previously-entered electricity and fuel
prices) clicks the REFRESH button to populate the table with the respective payback periods.

Sensitivity Analysis - Payback variation with electricity and fuel price

Fl'his cell controls the
formatting of the
table. Payback

Payback threshold

REFRESH

periods under the

[PXe5Y no payback |no payback |no payback [no payback [no payback [no payback [no payback
th reShOId are Shown = 17.7 241 36.7 55.9|no payback |no payback |no payback
i @ 10.3 12.2 15.0 19.5 21.5 43.9|no payback
&n black S 8.0 9.2 107 128 159 21.0| no payback
‘é 6.6 7.3 8.3 215 4451 13.4 54.6
o 552 5.6 6.2 6.8 7.6 8.6 18.5
b 3.8 40 43 46 5.0 5.4 8.2

verco
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-10%

Electricity price change ($/kWh)




Tool 2 user guide — implementation check list

The ‘implementation check list’ sheet provides Verco RENEWABLE
practical guidance to refine the initial feasibility COLLABGRATIVE
. Implementation Check List
and to progress the project concept towards
. Lt Consideration Consideration
detailed feasibility work. D enory summary
The objective is to identify and consider all the 1 e oot scriatsamang 4TS SISEStbeslesy e sing s s r

key issues which may present barriers at the
earliest stage possible, before significant time or
resources have been spent.

The recommendations are tailored to the

application in question, drawing from the full ) remotogystecion_ Pessectratra
check list database contained in reference

sheet 9. 'Checklists'.
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Tool 2 user guide — Flat file and output records

The ‘Flat file and output
records’ sheet summarises all
the input and output fields in
one place for easy export.

There are unlocked columns
(column G and to the right) for
the user to paste the results of
previous model runs alongside
the ‘live’ model outputs for
comparison.

verco

v rco RENEWABLE
THERMAL

COLLABORATIVE

Heat Pump Export
Records of previous model runs

Input Name Class1
X0 General Inputs
(30151 General Inputs
(7277 General Inputs
Annual electricity consumption (kwh) [ lIM LY
Current electricity cost (S/kwWh) (202
Market based grid electricity factor (kgCO2e /kWh) (e ZCALTIN S
L2077 General Inputs
Annual Natural Gas consumption (kWh) K2 100
Current Natural Gas cost (S/kwWh) (e SE /I
Market based fuel factor (kgC02e /kWh) Rt b D]
Current heat generation efficiency (%) (g ZCAL TN
Natural Refrigerant? (Yes/No) (AL
Low GWP refrigerant? (Yes/No) [etsta Lt anes

ords of previous model runs

.

Class2 Units Value ,/
Food an/dzb’euerage
7 Us Average

PrITZARY Technical Inputs

LI R Technical Inputs

Medium's specific heat capacity (ki/kg.K) RIS
Min temp - sense check only (degC) QTR

Max temp - sense check only (degC) RTINS
Average source return temperature (degC) R RTSIIIMLS
Average source flow temperature (degC) QLTI
LRI P2 Technical Inputs

Technical Inputs

Technical Inputs

age heat provided Technical Inputs

P Technical Inputs

PPIT R Technical Inputs

Heat Source Input
Heat Source Input
Heat Source Input

Heat Source Input ,” ( 5
.
Heat Source Input C 40

Heat Sourcg fnput

Heat Spdrce Input

Hwﬁ%

Heat

Heat | Records of previous model runs
at

vex | Paste as values Column F into this table to record the results

[insert project name] [insert project name]

12,500,000

£,200, 000

0 250

UV.LouU

0 onn
U.Uuvu

Natural Gas

£ 000 000

N
N
N
N
N
N

of different projects or scenarios

[insert project name]
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Tool 3 user guide - general tool description

Tool 3 is designed to help identify suitable manufacturers and suppliers that can deliver
services in the following areas:

1) Equipment manufacturing
2) Design and engineering
3) Supply, installation, and commissioning

4) Ongoing operation and maintenance support

This tool filters by the country the project is based in and the technology of interest, providing
contact details and website links for the most appropriate manufacturers and providers.
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COLLABORATIVE

Manufacturer & Supplier Identifier
Screening questions (inputs)

Country Which country s the project based in?
Technology Mechanical compression Select the technology of interest

Manufacturers & Suppliers (output)

Manufacturer Technology Engineering design Supply, install & commissioning
Mechanical compressio GEA GEA
Mechanical compressio MAN

Mayekawa Mechanical compressio 0

Rank Mechanical compressio Rank

Contacts - Manufacturers & Suppliers (output)

Manufacturer Wesbite Email Contact
https://www.gea.com/en/products/refrigeration-heating/he
https://www.man-es.com/process-industry/campaigns/indu james.pullen@man-es.com

Mayekawa https://www.mayekawa.com/products/heat_pumps/ tony.bilham@mayekawa.uk

Rank https://www.rank-orc.com/ jpmarti@rank-orc.com

Ongoing support
GEA

MAN
Mayekawa

0




Ve rC RENEWABLE
THERMAL
COLLABORATIVE

Manufacturer & Supplier Identifier
Screening questions (inputs)

Guidance notes:
Country Which country is the project based in?
Technology = Select the technology of interest

Manufacturers & Suppliers (output)

Manufacturer Technology Engineering design Supply, install & commissioning
Mechanical compressio GEA GEA
Mechanical compressio MAN

Mayekawa Mechanical compressio 0

Rank Mechanical compressio Rank

Contacts - Manufacturers & Suppliers (output)

Manufacturer Wesbite Email Contact

GEA https://www.gea.com/en/products/refrigeration-heating/he
https://www.man-es.com/process-industry/campaigns/indu. james.pullen@man-es.com

Mayekawa https://www.mayekawa.com/products/heat_pumps/ tony.bilham@mayekawa.uk

Rank https://www.rank-orc.com/ jpmarti@rank-orc.com

Ongoing support
GEA

MAN
Mayekawa

0
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