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Who are Star?

Founded 1970
300+ team
Privately owned
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COP > 3.0 at 90°C

‘ Overview
Calculations i T X
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Heating

Heating
water water
Inlet 60°C Outlet 90°C

NH3 cond T 82°
NH3 evap T 2°C \(

NH3 cond T 88.5
NH3 evap T 2°C

Seawater
Inlet 8°C

Seawater
Qutlet 4°C

yltleatpump
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NH3 Delivering District Heating
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Electricity £43M  43.0GWh  Also for heat!
. Gas£1.9M 47.5GWh 12MW~4000hrs ?
A Water £1.0M ke
|B\| Heating oil £0.20M
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What about Brussels?
All big cities are built on rivers!
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Cross Sectional Area > 1/2 width x depth

River Kelvin Heat capacity
= River Flow * specific heat * Delta T
=width * depth * flowrate * specific heat * delta T
=(10*0.5*0.5)*1000 x 4.2 x 2




Cross Sectional Area > 1/2 width x depth

River Kelvin Heat capacity
= River Flow * specific heat * Delta T
= width * depth * flowrate * specific heat * delta T
= (10 * 0.5 *0.5)*1000 x 4.2 x 2
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=21 MW of heat capacity.............. heat source
PLUS absorbed power typically +1/3
=28 MW.......... a fairly conservative estimate

but let's assume 1/3 of this, say 10MW
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Worked example: 10MW district heating in UK

Centralised heat pump Gas District Heating Gas CHP
Capital ~£4.0M ~£0.5M ~£7.0M
Usage/pa 4000 hrs 4000 hrs 4000 hrs
Gas/kWh 4p/kWh 4p/kWh

Elec/kWh 9p/kWh

Efficiency 4.0 0.85 0.37e/0.43th

£3.72Mth
OPEX/pa £0.90M (-44%/+45%) £1.6M £0.62M _£31Me
C02/pa 4,498 T (-39.3%) 7,400 T 17,120 T -16650T 470T
ROI 17.5% (+25%) 14.0%
RHI £0.035/kWh * 10,000 *4,000 = £1.4M/a for 20 years Nil

As the grid cleans this facility is "clean". ...........c.coreueuu..... this facility is "dirty".



-“

“Setting fire to chemicals like gas should be made a
thermodynamic crime,” he said. “If people want heat
they should be forced to get it from heat pumps. That
would be a sensible piece of legislation.”

~ David JC MacKay
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o - -~ Name : UNIT_UNIT 1
o 3 - Settings R717 / 50HZ
- (3 P9 £
Towtee | g SUee Ul :l_ o—] COND U —=—F COND L2 '—g 4+ Operatng condtion Set by evaporator / Set by condy
0.0C/540C | 3 SUBC U2 3 [ 4 - Interstage options N/A / N/A
Cap 7698 5cW ~ -0l N/A / 80.0°C
. - HS compressors
s:;:g ;,f. - LS compressors
Simple ‘ | w N Name - Unt 2
B o | EVAP L2 — 29— EVAP U1 — < i Settings R717 / 50HZ
C'ap 6/675 W €2 2 3 i Operating condiion Set by evaporator / Set by cond¢
S [ Interstage options N/A / N/A
Stream 3 = ~prpero &-01 N/A / 80.0°C
Wi 12 OILC U1C2 s
f‘i'ow"';'s ‘E g OILC uC1 8 {4 LS compressors
00C/N0C | 2 HSDSW2 M &
Cap 860.5kW = | 1— =
| HSDS U1
Stream 4
Water
Colector bl
Cap 0,0kW o
Fow 0.0m3tr | 3
- - - Addunit | 2 units, 0 HS, 2 LS comprs

Add stream ]l 10 heat exchangers in 4 streams 2 Heating streams, Q = 8,348.98 kW, 1 cooling streams, Q = 6,675.28 kW " View — -
| (& Unit 1; UNIT_UNIT 1

System data Compressor data “ Heat exchangers * | @-unn2:une2
Total power 1,662.1 KW UNIT_UNIT 1 - Low stage only Healing (Heating)
Total heating capacity 8,349.0 kW Subcooler, Unit 1 166.3 kW
Total cooli cl 6.675.3 KW Evag lemp 0.0 °C  Evappres 43 Bara Subcooler, Unit 2 247 4 KW

P B Congtemp 454 °C  Condpres 150 Bara Condenser. Unit 1 38646 kKW |z
Heating COP 5.02 ;""' P 7321; o s g =  Condenser, Unit 2 34101 kW |
Cooling COP 402 et - press 3.7 Bara N
Combined COP 9.04 LS: 1 x VSS 2101, 3,800 RPM ling ( ing)

No e,,’f,,s Evaporator, Unit 2 3,217.3 KW

:mms S R Evaporator, Unit 1 34580 kKW
Heaing 7.688.48 76651 3000  54.00 Vo2 - EOm S0 00ly | stream 3 (Heating) - R
Cooling 667528 793455 400 200 Evap temp 10 °'C  Evappres 45 Bara Oil Cooler, unit 1, VSS 2101LS 1589 kW Expry date: 11/2013
Stream3 66050 2631 3000 90.00 Condtemp 560 °C Cond pres 237 Bara * Note: Pure counterflow oilcooler needed (oil 03/04/2013 RIGERATION

Stream 4 000 79282 5519 5519 Total power  889.4 kW ~ out colder than water out -~ 08:18:36
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System data

Total power 1,662.1 kW
Total heating capacity 8,349.0 KW
Total cooling capacity 6,675.3 kKW
Heating COP 5.02
Cooling COP 402
Combined COP 9.04
Streams

Stream QkW  Glkals TincC Tout"C

Heating 768848 76.651 30.00 54.00
Cooling 667528 793455 4.00 2.00
Stream3  660.50 2.631 30.00 90.00
Stream 4 0.00 79282 55.19 55.19
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v”;:’"ﬂ - - Name - UNIT_UNIT 1
er [ a
" w w = o {&- Settings R717 / 50HZ
m;,. E 8 SUBC U1 :I_ ;_[ COND U1 EX ;_ COND U2 E= g SF Operating condtion Set by evaporator / Set by condc
W0T/H40C | 3 SUBC U2 3 1 8 3 - Interstage options N/A / N/A
Cap 15,2075\ ~ } [ - OI N/A 7 80.0°C
| i HS compressors
Coolng - G
Water = ‘ [ LS compressors
Simple gl 8 ® 3 i~ Name : Unt 2
Flow free o— EVAP U2 — 46— EVAP U1 —° - Settings R717 / 50HZ
ggpo’%/&g;c\ «|© ] O O - Operating condtion Set by evaporator / Set by condq
O - Interstage options N/A / N/A
Stream 3 -~ al- Of N/A 7 80.0°C
gv:: . OILC U1C2 i sty
3 =
Flow free o onC Ui 4 - LS compressors
300°C/%00C | 3 HSDS U2 S
Cap 229.4kW ~ =
HSDS U1
Stream 4
Water
Collector by
Cap 0.0kW N}
Flow 0.0m3hr | 3
= > Addua liunits,VOHS;AZLfcomprs
Add stream Jl 10 heat exchangers in 4 streams 2 Heating streams, Q = 15,436.93 kW, 1 cooling streams, Q = 13,500.79 kW |[ View
@ Unit 1: UNIT_UNIT 1

System data Compressor data * Heat exchangers A | B Unt2: Unk2
Total power 1.875.1 kW UNIT UNIT 1 - Low stage on Heating (Heating)
Total heating capacity 15,4369 kW - i Subcooler, Unit 1 291.8 kW
Total cooling capacity 13,5008 KW Evaptemp 180 'C  Evappres 8.0 Bara Subcooler, Unit 2 522.8 KW
N R Condtemp 446 °C  Condpres  17.6 Bara Condenser, Unit 1 718990 kKW |-

2ating - Totalpower 847.0 kW _ : =
Cooiing COP 720 Pres ratio 220 Dift press 56 B =| Condenser, Unit 2 7.2029 kW
Combines COP 1543

LS: 1x VSS 2101, 3,600 RPM Cooling (Cooling)
Streams No arrors Evaporator, Unit 2 69125 kW
Stream Qxw Glkols TnC ToutC Evaporator, Unit 1 6.588.3 KW —
Heating 1520753 151613 30.00 §400  Unit 2 - Low stage only _
Cooing 1350079 322830 30.00 2000 | stream 3 (Heating) T R
Stream 3 229.40 0.914 20.00 90.00 Evap temp 28 °C Evap pres 9.4 Bara Oill Cooler, unit 1, VSS 2101LS 0.0 kW Expiry date: 11/2013
Stream 4 0.00 152.528 5422 5422 Cond temp §80 *°C Cond pres 23.7 Bara * Note: Approach adjus[ed to match desired 03/04/2013 FRIGERATION
Total power 1,028.1 kW ~ duty ~ 081835
T 15 — — T T = a— .. W | == RO A R — — T
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Total power 1,875.1 kW
Total heating capacity 15,436.9 kW
Total cooling capacity 13,500.8 kW
Heating COP 8.23
Cooling COP 7.20
Combined COP 15.43
Streams
Stream QKW G/kg/s Tin*C Tout*C
Heating 15,207.53 151.613 30.00 54.00
Cooling 13,500.79 322.830 30.00 20.00
Stream 3 229.40 0.914 30.00 90.00

Stream 4 0.00 152.526 5422 5422
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project 1- evaluating the demand for a networked heating system across the campus.

The campus has a huge energy bill. Not only is this a drain on the finances of the University, with
ever increasing pressure to reduce carbon footprint, the real cost is only set to rise.

Campus or district heating systems offer a way of reducing this cost and even reduce the carbon
footprint to zero.

The aim of this project is initially to determine the loads of each of the main buildings and then the
existing infrastructure in each building. In addition the heat load needs to be determined across as
long a period as possible, logged versus ambient temperature.

This will be presented as a 4D map of location, quantity and time of use.

The second part of the project will take this data and the preliminary output from project2 (heat
sources) and propose a campus wide system meeting the bulk of the load with large heat pumps
sourcing the heat from the river Kelvin. (if driven by renewable energy this will be deemed zero
carbon). As this scheme would be eligible for the renewable heat incentive, the support available is
adequate to finance such a project over a short period.

The project should conclude with an estimate of capital, and operational cost and therefore present
an ROI (return on investment) to be considered by the Estates Director and Finance Director.



Buildings on campus
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Project 2 - evaluating the sources of heat available on campus. The principal source being the river
Kelvin.

The campus has a huge energy bill. Not only is this a drain on the finances of the University, with
ever increasing pressure to reduce carbon footprint, the real cost is only set to rise.

Campus or district heating systems offer a way of reducing this cost and even reduce the carbon
footprint to zero.

The aim of this project initially to determine the quantity of heat that could be extracted from the
Kelvin. Principally this means measuring flow rate and temperature. Once this data capture is
established to record across 3 months, the focus of the project will shift to an assessment of the
operation criteria for the heat pump. Dialogue with project will provide preliminary data.

The project will then begin to assess feasibility of distributing heat around the campus. There are
several techniques to be considered from high temperature networks at 90C to ambient loops at 15C
(each local then drawing heat via a local heat pump.)

The second part of the project will take this data and the preliminary output from project1 (heat
sources) and propose a campus wide system meeting the bulk of the load with large heat pumps
sourcing the heat from the river Kelvin. (if driven by renewable energy this will be deemed zero
carbon). As this scheme would be eligible for the renewable heat incentive, the support available is
adequate to finance such a project over a short period.

The project should conclude with an estimate of capital, and operational cost and therefore present
an ROI (return on investment) to be considered by the Estates Director and Finance Director.



. A

solutions for europe

natural refrigerants
15-16 October 2013, Brussels

Conclusions:
- strong evidence that heatpumps work
strong evidence they are lowest carbon
strong evidence they are economical
reasonable evidence the Kelvin flow is considerable

reasonable evidence the University heat demand is significant
Ammonia is the key to the economics

It is likely that there is enough useable heat in the Kelvin for bulk of
demand.......... even if it is high temperature demand at ~80/90C
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Tha_nk you very much! -




